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NOTICE OF ABANDONMENT

This application is abandoned in view of:

1. DApplicant‘s failure to respond to the Office letter, mailed

Z‘DApplicanl's letter of express abandonment which is in compliance with 37 C.F.R. 1.138.

10 Applicant’s failure to timely file the response received

within the period set in the Office letter.

4.DApplicant‘s failure to pay the required issue fee within the statutory period of 3 months from the mailing date of

of the Notice of Allowance.

[J The issue fee was received on

J The issue fee has not been received in Allowed Files Branch as of

In accordance with 35 US.C. 151, and under the provisions of 37 C.F.R. 1.316(b), applicant(s) may petition
the Commissioner to accept the delayed payment of the issue fee if the delay in payment was unavoidable.

The petition must be accompanied by the issue fee, unless it has been previously submitted, the petition fee
of $15, and a verified showing as to the causes of the delay. ‘

If 1

PP

(s) never

d the Notice of Allowance, a petition for a new Notice of Allowance and withdrawal

of the holding of abandonment may be appropriate in view of Delgar Inc., V. Schuyler, 172 US.P.Q. 513.

Sh'l'he reason(s) below,

Decision of the PTO Board of
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Art Unit 125 JANZBW@Z Paper No. 21
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Appeal No. 423-46 rad

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE BOARD OF APPEALS

. ¢/2,3k/9/ —— Ex parte David W. Holladay

FORWARDED TO _QRo_.

. DATE $2kafl /2 o

Application for Patent filed December 28, 1976, Serial
No. 755,100. Agent and Method for the Early Detection of
Pregnancy.

Allen H. Uzzell et al for appellant.

Before Magil and Merker, Examiners-in-Chief, and
Pellman, Acting Examiner-in-Chief.

Pellman, Acting Examiner-in-Chief.

This is an appeal from the examiner's decision finally re-
jecting claims 12 through 19, all of the claims in the application.
The subject matter on appeal relates to the detection of

pregnancy in humans within the first two months after conception
through the use of a detection agent containing antibodies to a
plurality of pregnancy-specific proteins, said agent's prepara-
tion involving the employment of term placental pregnancy-specific
proteins. To provide a more detailed description of the detection
method, claim 17, the only independent claim, is reproduced as

follows:
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Appeal No. 423-46

17. A method of detecting the existence of pregnancy in
humans comprising obtaining serum or urine from a patient within
about two months of suspected conception, contacting said serum
or urine with a pregnancy detection agent containing antibodies
to a plurality of pregnancy-specific proteins, and observing
whether antibody/antigen reactions occur, the occurrence of at
least one antibody/antigen reaction being indicative of preg-
nancy, said pregnancy detection agent prepared by the method
comprising

(a) first providing a mixture of term placental proteins
containing antigenic pregnancy-specific proteins;

{b) contacting said mixture of term placental proteins with
antibodies raised against either pregnancy-specific proteins or
normal human serum proteins to cause said antibodies to react
with pregnancy-specific proteins or non-specific antigenic pro-
teins contained in said mixture;

(c) separating the reaction products of step (b) from the
remainder of the term placental protein mixture to provide a
mixture of antigenic pregnancy-specific proteins isolated from
non-specific antigenic proteins;

(d) innoculating a host animal with said mixture of antigenic
pregnancy-specific proteins to cause said host animal to raise
antibodies to a plurality of pregnancy-specific proteins; and

(e) isolating antibodies to said plurality of pregnancy-
specific proteins from antibodies to non-specific human proteins.

As evidence of obviousness, the following references have

been cited by the examiner:

Bohn et al (Bohn) 4,065,445 Dec. 27, 1977
Jankowsky 2,240,327 Mar. 14, 1974
(German Offen-
legungsschrift)

Hofmann et al (Hofmann), Arch. Gynak 208, 187-195 (1969).

Hofmann et al (Hofmann '70), Arch. Gynak. 208, 266-274 (1970).

Lin et al (Lin), Am. J. Obstet. Gynecol. 118, 223-236 (1974).
8

Brock et al (Brock), 2Zbl. Gynak. 97, 281-287 (1975).

All of the claims stand rejected for being based upon an in-
sufficient disclosure (35 USC 112, first paragraph). Additiocnally,
all of the claims stand further rejected for being unpatentable
(35 USC 103) over Hofmann or Hofmann '70, or over Brock taken
with Bohn or Jankowsky.

With respect to the rejection under 35 USC 112, the examiner
contends that no specific embodiment is disclosed. A declaraticr
under 37 CFR 1.132 by Dr. John E. Caton has been dismissed as
merely setting forth an opinion as to doubleimmunodiffusion, al-

though "the claims are not directed thereto" (Answer, page 4).

-2-
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Appeal No. 423-46

Also, the decision in Ex parte Krenzer, 199 USPQ 227 (PTO Bd.
App. 1978) has been distinguished on the basis of the relative
complexity of the subject matter involved herein.

After considering the examiner's remarks in light of the
present disclosure, all of the cited prior art and appellant's

arguments, we do not find the rejection based upon 35 USC 112 to

be sustainable.

Examples are not needed for everything claimed: In re Andersocon,

471 F.2d 1237, 176 USPQ 331 (CCPA 1973). While an application must

comply with the disclosure requirements of the statute to be patent-

able, said disclosure embraces not only what is expressly set forth

in words or drawings, but what would be understood by persons

is as if it were written out in the application: In re Folkers et

al, 52 CCPA 1269, 344 F.2d 970, 145 UsSPQ 390 (1965); In re Howarth,

654 F.24 103, 210 USPQ 689 (CCPA 1981) Judglng the present speci-

P~

fica‘t‘i”é;ﬁ;i& her noted “above and glving approprlate weight

to Dr. Caton's declaration, we hold that the examiner has failed

to support her position. That is, we are aware of no evidence in-

dicating that the present invention is unusually complex and wou.:

reguire an unusually detailed disclosure. On the contrary, with

the exception of certain specific variations discussed below, it
appears that those skilled in this art were well aware of the
preparation and'use of the present detection agents. This rejec-
tion, therefore, is reversed.

However, we shall sustain the rejection of the claims under
Section 103 because we are convinced that the claimed invention

would have been obvious from the cited prior art taken as a whel-

Hofmann extracts protein from the placentas of women who ha:

experienced pregnancies of normal term and spontaneous birth (ga:

The author observes that he ultimately obtained a solution "C*

which served as innoculating material for the preparation of a

~3-
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Appeal No. 423-46

polyvalent antiplacenta sera {page 3). A rabbit was innoculated
with the antigenic material and, after checking the antibody titer
by the Ouchterlong test and immunophoresis, the author bled the
animals and recovered the sera (page 4}). After describing other
work, Hofmann reports that his "findings prove the existence of
several pregnancy-specific antigens" (page 8). While theé report
fails to state that the polyvalent sera may be used to detect
pregnancy within one or two months of conception, such early use
is clearly implied by the noted publication item. As acknowledged
by appellant, after "2 months, pregnancy is reliably detectable

by well-known external symptoms" (specification, page 12, lines 8-9).
Accordingly, any useful test would ordinarily be designed for the
initial two months of pregnancy to permit prompt prenatal super-
vision. Compare Bohn, Col. 2, lines 3-11.

At page 9 of the brief appellant asserts that neither "of the
primary references describes pregnancy detection." However, one
must take into account not only the specific teachings of the refer-
ences, but also the inferences one skilled in the art would reason-
ably be gxpected to draw therefrom: In re Preda, 56 CCPA 706, 401
F.2d %éSﬁ%ﬁ%?”USPQ 342 (1968). See also In re Howarth, supra.

. 4if§§§fay§r§inq the rejection, appellant argues that, as shown
by hi?JEkhihifsrl-3 (accompanying the brief), it would not have
‘béenT;b§iou§ to use antiserum raised against term §lacental tissue
éd-tésf fdr‘preghancy within the first two months because the
proteins present in a woman's serum and urine are known io vary
considerably,during the course of her pregnancy (brief, pages 9-10).
Nevertheless, we observe that Bohn prepares pregnancy-specific test
ﬂméterial from placentas of unspecified periods of pregnancy. Said
periods, however, would seem to include both full term (Examples 1
and 3), as well as less than full term {(col. 1, lines 16-21 and
Hclaims 2 ande). In this connection, we believe there is good

reason to assume that where no period is specified (e.g., Example 1),

-4 -
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Appeal No. 423-46

full term is involved because less than full term is always identi-
fied (e.g., Example 2). Therefore, since Bohn obtains the same
pregnancy-specific glycoprotein from all the placentas processed,

a person skilled in this art would have reasonably expected that

at least more than one of the proteins recovered by Hofmann like-
wise would be present throughout pregnancy.

A further argument presented by appellant (brief, page 93) is
that:

Neither of the primary references isclates the
pregnancy-specific protein fraction prior to
injection into the host. As pointed out in
appellant's specification (page 5, lines 21-32)
this step results in an antiserum capable of
providing more bands of precipitation in sub-
sequent pregnancy tests because the animal's
immune response is directed toward only
pregnancy-specific proteins.

Nonetheless, appellant has acknowledged that workers had al-
ready determined that some of the proteins recoverable from pla-
centas were non-specific for pregnancy. See page 2 of the instant
specification. Moreover, Hofmann '70 eliminates all normal blood
serum proteins and recognizes that more than one pregnancy-typical
antigen is present in placental fractions. Merely eliminating the
non-specific proteins prior to injection into the host, instead of
afterwards, by employing an old technigque in this art, would have
been well within the expertise of a person having only routine skill
in the instant field.

Appellant has argued the patentability of claim 18 separately,
urging that the use of the pregnancy test within about one month
of conception would have been unobvious. While it would have been
anticipated that such a test would be less reliable during the first
month of gestation, as indicated by appellant's Exhibit I, the two
examples at page 15 of the present specification are statistically
inadequate to establish unexpectedly better results. Compare In re

Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). Additionally, it

will be observed that in said two examples the time since conception

-5-
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- was necessarily estimated and was three or four weeks after con-
ception. This further reduces the weight to which such evidence
might be entitled.

Accordingly, for the reasons discussed above, the examiner's

decision rejecting claims 12 through 19 is affirmed.

= AFFIRMED
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James E. Denny

U.S. Dept. of Energy

Mail Station CXXI A2-3018 GTN
(GC-42)

Washington, D.C. 20545
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James E. Denny
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his power of attomey is terminated.

3. D'I‘be power of attorney to you in this application has been accepted by the Commissioner of Patents.
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Fagelelson Art Unit 125
755,100 2/28/16
Daived W. Holladay

. James E. Denny
Assistant Gen. Counsel for Pats.
U. S. Energy Res. & Dev, Admin.,
Washimgton, D. C. 20545

This is in response to the communication re the Power of Attorney filed

U.‘EPARTMEI\IT OF COMMERCE
Patent Office

Address Only: COMMISSIONER OF PATENTS
Washington, 0.C. 20231

Paper No. 20

MAILED
AIG 2 1 1980

GROUB 120 -

3. m'rhe power of attorney to you in this application has been accepted by the Commissioner of Patents.

4. DThe assignee in this application has intervened and appointed an attorney of his own selection. Further corresponden. «

will be held with said attomey. (Rule 36, Rules of Practice.)

5. The revocation of the power of attorney to

has been

entered and said attorney has been notified. Further correspondence will be addressed to you.

assignee
, the applicant appointed

6. [JOm

as additional attorney in this application. Further correspondence will continue to be addressed to you as

specified in the new power of attorney.

assignee
, the applicant appointed

7. [JQon

as additional attorney in this application. Further correspondence will be addressed to said attorney. MPEP ¢~

8. DThe associate power of attorney to you in this application has been revoked by the attorney of record.

r}ames E. Denny _1

For Director, Operation

U. S. Dept. of E . /// —
Mail Station CXXI A3.3018 ,/{?Zf%%g/ ; z?(éVZzg:/ &

GTN (GC-42)
Washington, D. C. 20545

FORM POL-305 (REV. 3/70}

[R WS TONP I
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O S Assistant General Counsel fo atents
FONWARDED TO -__-jg; United States Department of Energy

Washington, D. C. 20545
DATE Ej. ij_.ﬂz oy Lo

Applicant David W Holladay )
Serial No.: 755,100 ) o
Filed : December 28, 1976 ) GROUP 120 . TR
For . AGENT AND METHOD FOR THE EARLY ) b

DETECTION OF PREGNANCY \}:

o ~ .fL\ -

Receipt 1s acknowledged of the following for the above-identified case:
( ) Response to Office Action dated .
( ) letter to Draftsman
( ) Affidavic/Declaration ( ) Appeal Brief .
( ) Fee Authorization { ) Amendment under Rule 312
( ) Application with ( ) Sheets Formal Drawings ( ) Petition
( ) Disclosure u/37 CFR 1.56 ( ) Directive u/Sec. 152
( ) PTOL-85b Base Issue Fee ( ) Withdrawal of Directive
( ) PT0-1094 with ( ) Sheets Formal Drawings ¢ )
{ ) Notice of Appeal ()
X)) Appointment of Attorrney ()
&x) confirmation of Request for Oral Hearing ()
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : David W. Holladay
APPEAL No. 423-46
Serial No.: 755,100

GROUP 120
Filed : December 28, 1976
Examiner: A. Fagelson
For : AGENT AND METHOD FOR :
THE EARLY DETECTION OF :

PREGNANCY

APPOINTMENT OF ATTORNEY

The Commissioner of Patents and Trademarks
Washington, D. C. 20231

Sir:

The undersigned assignee of the entire right, title and interest
in and to the above-identified application by virtue of an assignment
to the United States Government as represented by the United States
Department of Energy, hereby revokes any and all previous powers of
attorney in the above-identified application. The assignment was
forwarded to the Patent and Trademark Office for recordation
Februgry 11, 1977, recorded in Reel 3389, Frame 810 on February 16, 1977.

And the assignee hereby appoints James E. Denny, Registration
Number 18863; Richard G. Besha, Registration Number 22770;

Jack Q. Lever, Jr., Registration Number 28149; Michael f. Esposito,
Registration Number 29506; and Stephen D. Hamel, Registration
Number 22220, for whom the address is United States Department of
Energy, Mail Station CXXI A2-3018 GIN (GC-42), Washington, D. C.
20545 its attorneys to prosecute this application and to transact
all business in the Patent and Trademark Office connected therewith.
All communications are to be addressed to James E. Denny at the
above address.

UNITED STATES GOVERNMENT AS REPRESENTED
BY THE UNITED STATES DEPARTMENT OF ENERGY

t General Co Patents

Dated: AUGL 1)

N o . ) C o, i lv. N L . .“.: - o , . } )
M.,...4..;:...&4.Mmummm».,w.m..mwim.. OUUIRENUI I WA TR NS PRR
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : David W. Holladay

APPEAL No. 423-46
Serial No.: 755,100

GROUP 120
Filed : December 28, 1976
Examiner: A. Fagelson
For : AGENT AND METHOD FOR
THE EARLY DETECTION OF :
PREGNANCY :

CONFIRMATION OF REQUEST FOR ORAL HEARING

The Commissioner of Patent’s sand' Trademarks
Washington, D. C. 20231

Sir:

In accordance with the NOTICE OF HEARING (Paper No. 17) from
the Patent and Trademark Office dated July 17, 1980, with respect
to the above-identified application, Applicant hereby confirms his
request for an oral hearing as scheduled at 9:00 a.m. on
November 17, 1980.

Respectfully submitted,
\ /71' /
///zgégiiiég;;/ };? "‘E?c%¢¢/Z£;’

e
Attorney for Applicant

Dated: AT 1 (. .3
Germantown, Maryland

353-5093
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* °
James E. Denny
Asst. Gen, Counsel For Pat.
U. S. Energy Res. & Dev. Admin.
Washington, DC 20545

NOTICE OF HEARING

U.S. DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address :

COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

Mailed:
Appeal No:
Appellant:
Serial No:

Hearing

Docket:
Date:
Time:
Place:

CONFIRMATION REQUIRED WITHIN TWENTY—ONE DAYS

Your attention is directed to 37 CFR 1.194(s); July 1, 1977.

Paper No. 17

July 17, 1980
4234

David W. Holladay
755100

A
Nov. 17, 1980
9:00 A.M.

Room 11C28 CP2
2011 Jefferson Davis Hwy.
Arlington, Va,

The appeal in the above identified case will be heard by the Board of Appeals on the date indi-
cated. Hearings will commence at the time set and as soon as the argument in one case is con-

cluded, the succeeding case will be taken up.

The time allowed for argument is twenty minutes unless additional time is requested and permitted

before the argument is commenced.

CONFIRMATION OF THE REQUEST FOR ORAL HEARING, WHICH HAS BEEN SET AS NOTED
ABOVE, IS REQUIRED WITHIN TWENTY-ONE DAYS FROM DATE OF THIS NOTICE.

NOTE: Failure to confirm will be construed as a waiver of the request for the hearing. However,
the courtesy of actual notification that the request for hearing is being waived will enable the

Board to make the most effective use of its hearing facilities.

By Order of the Board of Appeals.

Clerk of Board
(703) 5§57-3393

Please refer to Appeal Number in all communications concerning this case.

Form PTOL~38 (rev. 10-77)
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James E. Denny «
Assistant General Counsel for Patents
United States Department of Energy
Washington, D. C. 20545

Applicant i, . 0o . uei iy )
Serial No. 755,00 )
Filed Pofleweic s LE, 1870 )  GROUP 120
For DLl Lo aLulloroiond Lo nlIEITINO )

OF JuLlheNd

Receipt 1is acknowledged of the following in the above-identified application:

( ) Response to Office Action dated .

{ ) Letter to Draftsman

( ) Affidavit ( ) Petition

( ) Notice of Appeal ( ) Appeal Brief

( ) Fee Authorization ( ) Amendment under Rule 312

( ) Appointment of Attorney ( ) Directive

( ) PTOL-85b Base Issue Fee

( ) PT0O-1094 with ( ) Sheets Formal Drawings ( ) Withdrawal of Directive
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: David W. Holliday
SERIAL NO.: 755,100(70) : GROUP 120
FILED: December 28, 1976 :  EXAMINER
) A. Fagelson
FOR: AGENT AND METHOD FOR THE EARLY
DETECTION OF PREGNANCY

REPLY BRIEF TO EXAMINER'S ANSWER

The Commissioner of Patents & Trademarks
Washington, D. C. 20231

Sir:
This is a Reply Brief to the Examiner's Answer of August 21,
1979.
THE NEW ARGUMENTS

In the Examiner's Answer, the following arguments were made for

the first time:

(a) The Declaration of Dr. John E. Caton is insufficient because
it refers to a double immunodiffusion test not recited in the
claims.

(b) The claim limitations that the pregnancy detection agent
contains antibodies to a plurality of>term placental antigens
are entitled to no weight because the specification did not
disclose the "criticality" of term placentas or the problem
of false results in tests capable of detecting only a single
antigen.

The Examiner's first new argument is without merit.‘ It is clear

that the tests described in the specification at page 14, line 31
through page 16, line 11, were Ouchterlony double immunodiffusion tests
as described in Dr. Caton's Declaration. Note that the immunological

tests using early pregnancy sera were described as double diffusion

et A R A AR M AW b AV A 1




tests (page 15, line 21) and that plates were used as diffusion medium

(page 15, line 5). The Examiner has failed to challenge the facts set

forth in Dr. Caton's Declaration and has failed to identify any aspect

of the claimed method which is not either well known or readily ascer-

tainable by those of ordinary skill in the art with a minimal amount of
routine testing.

The Examiner would 1imit the claims to the specific double dif-
fusion method of the example, or else require a detailed example of
each of the myriad methods by which workers in the art routinely carry
out immunological tests. Such examples would be redundant and are
clearly not required where, as here, applicant has provided a novel
immunological pregnancy detection agent which can be used by any of the
well-known methods of carrying out antibody/antigen reactions.

The Examiner's distinction of the present case from Ex parte
Krenzer is illusory. It is not the step of contacting the serum or
urine with the pregnancy detection agent which is complex. This step
is simple and is performed routinely by workers in the art as shown by
the art of record. Any complexity in the claimed method lies in the
preparation of the detection agent, which is described in the minutest
detail. The Examiner has failed to specify a single deficiency in the
specification which would prevent one of ordinary skill in the art from
carrying out the claimed method.

In the second new argument, the Examiner takes the position that
specific claim limitations need not be considered because broader
language in the specification described certain of the limitations as

preferred. This approach is clearly improper and would eliminate

SRTL TP ETIL A PR STY VNPT O P 1 I SRR IS TSRO R It Rt




applicant's right to retreat to an otherwise patentable species merely
because he thought he was first with the genus. In re Johnson 558
F.2d 1008, 194 USPQ 187 (CCPA 1977); In re Saunders 444 F.2d 599, 170
USPQ 213 (CCPA 1971).

It is immaterial that the specification does not discuss the
problems of false negatives prevalant in prior art tests based on a
single antigen. This problem is well known in the art and fully docu-
mented in the record. Again the Examiner is disregarding the specific
claim limitations that a plurality of pregnancy specific antibodies are
present and improperly rejecting the claims based on broader language
in the specification.

There is no need for a showing of criticality for the use of term
placentas as opposed to first month placentas of Jankowsky because the
use of term placentas is not prima facie obvious. Even if the
Jankowsky method had been fully egquivalent to the claimed method, the
rejection would be improper because such equivalency was not appre-
ciated in the pfior art. If the prior art had considered early
pregnancy detection using antibodies to a mixture of term placental
proteins to be obvious, then:

{a) Jankowsky would not have limited his patent to the use of

scarce first month placentas;

{b) the prior art pregnancy tests would not have been based on a
rsingle antigen which was known to cause false negatives due
to low concentration in early pregnancy; and

(c) the workers detecting a plurality of term placenta antigens
in late pregnancy sera would have suggested their use for

early pregnancy detection.

i 0 -i 5 -] 8 q R A .;,.‘..,...a:n..»'.«‘.uq;.:‘,;uw:.‘,.,".\;....‘.A..‘i_{';....,l.u.‘....'.; b
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Since the prior art failed to suggest or recognize the clear advantages
of the use of a mixture of term placental pregnancy specific anti-
bodies, there is no need for the claims to be limited to the antibodies
and antigens used in the examples, especially where any contemplated
variation in antibody content is well within the skill of the art.

In view of the above and the arguments previously submitted, the
Examiner's rejections under 35 USC 103 and 35 USC 112 are improper and
should be overruled.

Respectfully submitted,
LSIAH U
Attorney for applicant
Oak Ridge, Tennessee
Uzzell (FTS-626-1076) {Commercial 615-576-1076)
August 31, 1979
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\‘, %A ,;' | Patent and Trad-maik Office

\—ﬁ’/ I Address . COMMISSICNER OF PATENTS AND TRAODEMASRKS
Washington, D C. 20231

A, Fagelson Art Unit 125

Mz-28-7¢€ 755,100

|David W. Holladay

° P Befare the Board of Appeals

James E. Denny

Assistant Gen. Counsel For Pats.
U. 8. Energy Res. & Dasv. Admin.
Washingtion, D. C. 20545

MAILED

James E. Denny for Appellant AUGZI 1979

GROUP 170

Examiner’s Answer

This is an appeal from the final rejection of
claims 12-19, all of the claims in application.

A correct copy of the claims appears on page 3
of appellant's brief.

The obJection to the specification is notigppealable
matter for consideration of the PTO Board of Appeals;"
therefore it will not be presented herein.

THE REFERENCES OF RECORD RELIED ON:

4O65ULS Bohn et al. 1271977
2240327 (German) Jankowsky 3/1974
Hofman (1) - Arch. Gynak., Vol. 208, 1970

pp. 266-27
Hofman (2) Arch. Gynak., Vol. 208, 1962

pp. 187-195
Lin (1) amer. J. Obst. & Gyne. Voi. 113, 137!

Brock Zentralblatt fuer Gyn. Vol. 97

1975 pp. 281-287
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Art Unit 128

A BRIEF DESCRIPTICN OF THE REFERENCES:

The patent to Bohn et al. shows the isclation of 2
pr%%ancy specific B; -glyceprotein from placenta, or blcad
or urine of pregnant women. Antisera may be prepared
theretc by the conventional means.Such sera can be
employed as an adsorbent in the isolanion and purificaticn
of the Ry -glycoprotein from serum or urine, or the
antisera may be emploved 1In various tests for pregnarcy
(column 2, paragraph 1). Phosphate buffers, etc. may te
employed in the extracting medium,eolumn 2, lines 12-29)
When the protein is isolated from placenta, it 1is
perciplitated from the aqueibus extract with inorganic
salts such as ammonium sulfate or sodium sulphate (coluim
3, paragraph 1). The pregnancy specifc Bj- glycoprotein
of Bohn et al. is stated to be 90-395% pure (Exampl= L,
column 7).

Jankowsky teaches the preparation of extracts
from placenta and mixing same with human chorionic
gonadotropnxfor'use 5s an antigen 1n the prepaﬁétion r?
antisera that is enplcyed in early detection methed for
pregnancy ..

Hofman (1 or 2) chows the isolation of pregnancy
specific antigens from placenta by extracting same with
aqueous solutions which include pnosphate tuffer., The
proteins are then precipitated from the supenatant wiip

ammonium sulfate. The precipitated proteins are incculated

-
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into animals such as rabtblits. The antisera from he
rabbit blood 1s absorbed with normal blood serum which
eliminates the antibodies against the normal protein
(translation page 11, article pub. 1970 section "IV
Demonstration of Pregnancy - Typical Antigens in Proteir:
of Human Placenta"). The antisersa may be empleyed

in detection cf antigens in pregnancy serum, or other
studies.

. Lin shows the preparation of antisera in rabbits
against third trimester human pregnancy plasma.The
Immunoglobulins were saltediégd employed in testing fer
various pregnancy assoclated antigen. This rerference is
deemed cumulative and will not be maintained.

Brock shows the extraction of placenta with
_phosphate buffer, precipitation c¢f the proteins with
ammonium sulfate, immunization of animals with the extracted
protein, absorption of the antisera with human serun.
Some proteins were found 2gainst pregnancy serum as well
as placental tissue and fetal serum depeh&ing on the
on the antigens employed in further absorption studies.

THE REJECTION

The claims stand rejected under 35 USC 112
{paragraph 15 as being based upon an Insufficient dizclozure
for reasons of record. No specific embocdiment is noteﬁ
with respect to any specific method of "detecting the

existence of pregnancy in humans", to which the claims
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are directed. The declaration of Caton under
27 CFR 1.132 is deemed to merely set forth an opinion
that he would be able to conduct "doutle immunediffusion'.
However, the claims are not directed theretc and the
disclosure only indicates "immunodiffusion"(page 12, am
paragraph 1). Ex part Krenzer4c?ggngy
appellants}relates to the use herbacides and not the
development of parameters and conditions for the
perfcrmance ot a test involving a complex system of
reagents. Appellants allege thelr proportion of antigens
and sera to somehow differ in kind from the work of other:s.
This is impossible to so determine since it 1s not known
how appellants determinad the alleged unexpected results.
The claims are further rejected under 35 USC 103
as obvious over Hoffmann 1 or 2, or Brock considered with
Bohn or Jankowsky. No patentable merit is see 1n securing
the proteins to pregnancy by the means known in the art
or in removing undesired antligens or antibodles depending
on the purification or absorption procedures. f;e antigen
of Bohn, for example, ls noted to be relatively pure.
It is rot known, however, what antigen or antigens
appellants are concerned with since the purificatien
means employed may give different end results. It 1s
noted, however, in the specification page 4 various
sources may be emploved for the pregnancy -~ speciflic
proteins. Nevertheless the specificaticn page U, linex

27-29 states that "whilz2it has been {ound that thers

-
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are normally several antizenle pregnancy - specific
proteins present in pregnancy - assoclated material,

only one need be ovresent for purposes of the invention"

(underscoring added). Thus, appellants allegations,

for example, on page 10, paragraph 2 of the Rrief,

that "a single protein produce false negatives" 1s

clearly not supported by the specification. It is

also noted on page 3 of the specification lines 17-18

and page 4, lines 22, that thekggﬁ;ce of"placentas”is

merely perferred and not indicated to be critical.

Also the only'mention of "term placenta" appears on

page 12 of the specification line ﬁof Example II. This

too 1s not indicated to be a critical matter. Thus;it ic
nqt seen that the claimed diagnostic method 1s rendered
patentable particularly in view of the facts 1) that
appellantstgg;g;nd that such method would be within the
purview of the routineer in the art}) 2) that the proteins
empioyed in the preparation of antisera for such tests

are known and 3) that tests for pregnancy gmploying antiser:
t6 placental extracts are known.

For the reasons above set forth the final rejection

1s deemed to be proper and should be sustailned.

AFagelson:fpb

(703) 557-2577 ; i
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BRIEF ON APPEAL

This case comes before the Board of Appeals because of the Final
Rejection of claims 12-19, all of the claims remaining under con-
sideration in the application.

ORAL_HEARING
Applicant requests that an orail hearing be granted in this case.

CLAIMS ON APPEAL

17. A method of detecting the existence of pregnancy in humans
comprising obtaining serum or’urine from a patient within about two
months of suspected conception, contacting said serum or urine with a
pregnancy detection agent containing antibodies to a plurality of
pregnancy-specific proteins, and observing whether antibody/antigen
reactions occur, the occurrence of at least one antibody/antigen reac-
tion being indicative of pregnancy, said pregnancy detection agent pre-
pared by the method comprising

{a) first providing a mixture of term placental proteins con-
taining antigenic pregnancy-specific proteins;

(b) contacting said mixture of term placental proteins with anti-
bodies raised against either pregnancy-specific proteins or normal
human serum proteins to cause said antibodies to react with pregnancy-
spécific proteins or non-specific antigenic proteins contained in said
mixture;

(c) separating the reaction products of step (b) from the

remainder of the term placental protein mixture to provide a mixture of

antigenic pregnancy specific proteins isolated from non-specific anti-
genic proteins;

(d) 1innoculating a host animal with said mixture of antigenic
pregnancy-specific proteins to cause said host animal to raise anti-
bodies to a plurality of pregnancy-specific proteins; and

(e) isolating antibodies tc said plurality of pregnancy-specific

proteins from antibodies to non-specific human proteins.




12. The pregnancy detection method of claim 17 in which step (b)
comprises contacting said mixture of term placental proteins with anti-
bodies raised against pregnancy-specific proteins.

13, The pregnancj detection method of claim 17 in which step (b)
comprises contacting said mixture of term placental proteins with anti-
bodies raised against normal human serum proteins.

14. The pregnancy detection method of claim 17 in which said mix-
ture of term placental proteins is prepared by providing a suspension
of term placental tissue in a stabilizing medium, separating suspended
solids from said suspension to provide a supernatant solution, adding a
salting agent to said supernatant solution to precipitate proteins and
dissolving said precipitated proteins to provide said mixture of term
placental proteins.

15. The pregnancy detection method of claim 14 in which said sta-
bilizing medium is selected from the group‘of phosphate buffer and
perchloric acid and said salting agent is selected from the group of
ammonium sulfate and sodium sulfate. ‘

16. The pregnancy detection method of claim 14 in which said sta-
bilizing medium is phosphate buffer and said salting agent is ammonium
sulfate.

18. The method of claim 17 in which said serum or urine is
obtained from said patient within about one month of suspected
conception.

19. The method of claim 17 in which said method for preparing
said pregnancy detection agent further comprises isolating antibodies
to said plurality of pregnancy-specific proteins from non-antibody host
“animal serum proteins.

DESCRIPTION OF THE CLAIMS ON APPEAL

Claim 17 is directed to a method for detecting early pregnancy in
which a patient's serum or urine is contacted with an agent containing

antibodies to a plurality of proteins specific to pregnancy. The antibody
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mixture is produqed by innoculating a host animal with a mixture of
pregnancy-~specific proteins obtained frum term placent;s and isolated
from non-specific antigens.

Dependent claims 12-16 are directed to the pregnancy test of claim
17 employing agents prepared by different methods. Claims 12 and 13
are directed to the use of agents prepared using alternate methods for
separating pregnancy-specific placental proteins from non-specific pla-
cental proteins prior to innoculation of the host. Claim 14 is directed
to the use of an agent prepared by precipitating placental proteins from
a tissue suspension prior to iso]ation of pregnancy-specific placental
proteins. Claim 15 is directed to the use of an agent prepared using
particular stabilizing media and salting agents. Claim 16 is directed to
the use of an agent prepared using the specific stabilizing medium and
salting agent exemplified in the specification.

Claim 18 is directed to the use of the pregnancy test of claim 17
for detection of pregnancy within about one month of conception.

Claim 19 is directed to the pregnancy test of claim 17 employing
an agent in which the useful antibodies to pregnancy-specific proteins
are isolated from non-antibody host animal proteins.

THE INVENTION

fﬁi invention is a novel method for early detection of pregnancy by
the occurfence of characteristic antibody/antigen reactions. A patient's
blood or urine is contacted with a detection agent comprising host-

produced antibodies to a plurality of pregnancy-specific tissue proteins

" occurring in term placentas. Appellant has demonstrated that such an

(o)

]

antibody mixture contains antibodies to a plurality of pregnancy-specific
proteins which are present at readily detectable concentrations in the
very early stages. Consequently, the test is effective for detecting
early pregnancy in women whose serum or urine contains any of the severa)
pregnancy-specific placental proteins.

The agent is prepared by innocu1atiﬁg a host animal with a mixture

of pregnancy-specific proteins isolated from the other placental antigens.

00




By isolating the pregnancy-specific mixture prior to innoculat}on, the
animal's immune response is directed toward the proteins of interest.
These host-produced antibodies are isolated from antibodies to non-
specific human protein, thereby providing a detection agent sensitive to a
plurality of serum proteins expressed in the very early stages of
pregnancy.

The capability for detecting a plurality of early pregnancy pro-
teins is a considerable improvement over prior art techniques employing
antibodies to a single protein, for example human chorionic gonadotropin
(HCG). Such tests were prone to false negative results, particularly in
early pregnancy, due to low serum levels of the single protein. In the
method of this invention positive readings occur when any of several
pregnancy-specific proteins are detected. If a plurality of pregnancy-
specific proteins are detected, the positive result is confirmed.
Reliable positive readings showing a plurality of pregnancy-specific pro-
teins have been obtained as soon as 18 to 22 days after conception.

THE REJECTIONS

Claims 12-19 stand rejected under 35 USC 112 (paragraph 1) as based
upon an insufficient disclosure. The specification is objected to as
including insufficient exemplary matter to support the claims and for

. failure to disclose the best mode. Claims 12-19 also stand rejected under
35 USC 103 as obvious in view of the teachings of Hoffman (1), Hoffman
(2), Brock, or Lin (1), either singly or in combination with the Bohn
patent or Jankowsky. A number of other references have been cited during
the prosecution but are not applied against the present claims.

THE TEACHINGS OF THE PRIOR ART

Hoffman (1) describes immunological studies which show that placenta!
tissue contains pregnancy typical proteins also found in puerperal (after
childbirth) serum, amniotic fluid, and serum from an unspecified period of
pregnancy;

Hoffman (2) describes the preparation of antiplacenta immune serum,

The host animal was innoculated with the entire specfrum of placental
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proteins without prior separation of pregnancy-specific proteins.
Immunological studies using the immune serum found proteins in serum of
unspecified- periods of pregnancy. The pregnancy proteins were immunologi-
cally identical to placental proteins. It was postulated that the
pregnancy serum protein had passed over to the mother from the placenta.

Brock describes work similar to that described in Hoffman (1) and
(2). Some placental antigens were detected in pregnancy serum, however
the period of pregnancy was undisclosed.

Lin (1) discloses that pregnancy associated antigens in third tri-
mester pregnancy serum can be detected with immune serum raised against
third trimester pregnancy serum. No placental proteins are described.

The Bohn patent (U. S. Patent 4,065,445) describes the isclation
of a single pregnancy-specific protein from placenta, blood, or urine
of pregnant women. The protein is said to be useful for the prepara-
tion of antiserum for the detection of pregnancy. Any antisera raised
against such a protein could detect only that particular protein.

Jankowsky describes a pregnancy detection agent comprising anti-
bodies raised against a mixture of HCG and an extract of first month
placental tissue. There is no suggestion that a mixture of pregnancy
detection antibodies could be obtained from placental tissue of a later
pregnancy period than the period to be detected.

Bell (cited by appellant) describes an evaluation of several prior
art immunological pregnancy detection methods. It is seen from Table I
that the highest percentages of false negatives or inconclusive results
occur when tests are performed 35-49 days after the last menstrual
period.

Lamb {cited by appellant) describes an evaluation of prior art immu-
nological pregnancy tests based solely upon HCG. In Fig. 1 (attached
hereto as Exhibit 1) it is seen that patients’' levels of HCG differ
widely and are strongly dependent upon the week of pregnancy.

Dietrich also describes pregnancy tests based upon HCG. Fig. 1

(attached hereto as Exhibit 2) shows that the HCG level in pregnancy
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urine increases rapidly from 40-60 days after the last menstrual
period and then declines during the remainder of the pregrancy.

Bohn (Blut, Band XXIV, Seite 292-302, 1972) describes a pregnancy-
specific beta-glycoprotein. Fig. 7 (attached hereto as Exhibit 3)
shows the variation in the concentration of this material during
pregnancy.

Seppala describes a study of human placental lactogenic hormone
(HPL) in an effort to correlate HPL levels to infant birth weight and
to various pregnancy complications. The serum concentration of HPL is
said to rise throughout pregnancy and disappear rapidly after birth.

THE ARGUMENTS
A. The Rejection of Claims 12-19 under 35 USC 112 Is Improper
Because the Specification Is Sufficient To Enable One of
Ordinary Skill in the Art to Practice the Invention without
Undue Experimentation.

In rejecting the claims under 35 USC 112, the Examiner has alleged
that the specification is insufficient for failure to contain specific
examples of the test methods employed. Such examples are alleged to be
necessary in order to disclose the best mode. The Examiner's position
is contrary to several decisions of the Patent Office Board of Appeals
and the Court of Customs and Patent Appeals which have held that
working examples are never required if the invention is otherwise
discldéed sufficiently to enable one skilled in the art to pracfice it

without undue experimentation. See, for example, In re Borkowsky 57

CCPA 946, 422 F2d 904, 164 USPQ 642 (CCPA 1970); Ex Parte Krenzer 199

UsPQ 227 (P.T.0. Bd. App. 1978).

The present specification is clearly enabling. The c]aimgd methed
Fequires simply contacting a sample of blood or urine with a pregnancy
detecting agent containing antibodies and observing whether an
antibody/antigen reaction occurs. The preparation of the detection
agent is described in general terms beginnﬁng at page 4, line 17 and
continuing through page 9. Example 1 on pages 10 and 11 describes the
preparation of an immunoadsorbent column for preparing the agent.

Example II describes a step-by-step procedure for preparing a placerta’

-7 -
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extract separating pregnancy-specific proteins and preparing an immune
serum. The test method itself is described at page 11, line 20 through
page 12, iine 6. Gel precipitation tests indicating the duration of
the tests and the times of which precipitin bands occurred are
described at page 14, line 31 to page !6, 1ine 11. - Further exemplifi-
cation is not necessary. The art of record demonstrates that the
entire science of immunology is based upon conducting antibody/antigen
reactions.

The Declaration of Dr. John E. Caton further establishes the suf-
ficiency of the specification. The use of declarations under 37 CFR
1.132 to establish the level of skill in the art is in accordance with
In_re Doyle 482 F2d. 1385, 179 USPQ 227, cert. den. 181 USPQ 417.

Dr. Caton pointed out that workers of ordinary skill in the field of
immunology and imﬁunoana]ytical chemistry are well acquainted with the
standard immunological methods for using antibodies to detect the pre-
sence of antigens in solutions. If such a worker were. given a solution
known to contain antibodies to proteins specific to pregnant women, he
could easily test serum or urine for the presence of the proteins by
the well-known Ouchterlony technique. Such workers often must deter-
mine the proper concentration of an antibody solution to use in such
tests, and Dr. Caton described a well-known routine method of deter-
mining the concentration,

The Examiner has specified no other alleged deficiencies in the
specification. Where failure to include a specific operating condition
in a specification presents no more than a routine problem to a worker
in the art, the specification cannot give rise to a rejection under

either the enabling or the best mode requirements of 35 USC 112.

In re Karnbfsky, S5 CCPA 940, 390 F2d. 994, 156 USPQ 682 (1968) Since
a worker of ordinary skill in the art could practice the invention as
claimed with only a minimal amount of routine experimentation, the

rejection under 35 USC 112 should be overruled.
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>B. The Teachings of the Prior Art As a Whole Fail to Suggest Or

qg?der Obvious the Invention As Claimed in Claims 12-17, and

The use of immunological methods for pregnancy detection is a
relatively crowded art. Perhaps equally crowded is the art of using immu-
nological techniques for the study of placental tissue and other pregnancy
associated structures. Notwithstanding the persistent search for correla-
tions between serum protein levels and pregnancy abnormalities, the art
has failed to suggest the detection of early pregnancy with antibodies
raised against a mixture of pregnancy-specific proteins from term pla-
centas. Appellant has shown that such a detection method has the capa-
bility of determining pregnancy by the presence of a plurality of pro-
teins found to be present at detectable levels soon after conception.

Neither of thé primary references describes pregnancy detection.

The Hoffman references and Brock describe studies which attempt to
correlate placental proteins with proteins found in pregnancy serum.

Lin (1) teaches only that some antigenic serum proteins are specific to
pregnancy. The antibody mixtures used in the primary references are
substantially different from the antibody mixture required by the claims,
Neither of the primary references isolates the pregnancy-specific protein
fraction prior to injection into the host. As pointed out in appellant's
spectfication (page 5, lines 21-32) this step results in an antiserum
capable of providing more bands of precipitation in subsequent pregnancy
tests because the animal's immune response is directed toward only
pregnancy-specific proteins.

Art such as the primary references which describes proteins in
"pregnancy sérum" without specifying the period of the pregnancy is not
pertinent to claims directed to an early pregnancy test. Obviously the
pregnancies had already been confirmed. By citing such art the Examiner
has taken the position that once placental proteins are shown to exist in
serum at any stage of pregnancy, it would be obvious to test for early
pregnancy using antiserum raised against term placental tissue. This

position ignores the well-recognized fact that the protein content of
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serum or urine varies considerably during the course of pregnancy, as
shown in Exhibits 1-3 and page 16, lines 4-11 of appellant's specifica-
tion. In view of the prior art belief that pregnancy associated serum
proteins originated from the placenta (Hoffman (2)} and that such proteins
disappeared soon after birth, (Seppala and Exhibit 3) it was by no means
obvious that antibodies raised against a plurality of term placental
pregnancy-specific proteins would be capable of detecting a plurality of
proteins present at the very early stages. Claims 12-17 and 19 requiring
detection within about 2 ﬁonths of conception are neither obvious nor
inherent in the primary references.

The Bohn patent suggests a pregnancy test based on a single protein
obtainable from placentas. As shown in Bell and Dietrich, pregnancy tests
sensitive to a single protein produce false negatives in patients defi-
cient in that protein.

Jankowsky, cited as an alternate secondary reference, is closer than
any of the primary references yet actually teaches away from the claimed
method. Jankowsky teaches the use of an agent prepared from antiserum
raised against a mixture of HCG and first month placental tissue.
Obviously first month placentas are difficult to acquire, especially those
from normal pregnancies with normal proteins. The Jankowsky test
high%ﬂghts the prior art's recognition that placental proteins from a
late stage of pregnancy are not necessarily present in the early stages.
Had Jankowsky considered it obvious that antibodies raised against
readily availabfe term placental tissue could detect a plurality of early

e woa¥d-hardly have been

limited to first month placentas, i.e. placentas from about the same
period of pregnancy to be detected.
he Exami remarked that the claims are of 1ndeterm1nate
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anti-narmq] human serum is used to remove non-pregnancy-specific placental
proteins. Workers in the art, following appellant's examples, can easily
prepare agenté sensitive to any desired number of early pregnancy pro-
teins. Since the prior art has never used a pregnancy test employing
antibodies raised against a mixture of term placental pregnancy-specific
proteins, further identification of the proteins in the claims is
unwarranted and would be unduly limiting.

Only the appellant has provided a reliable agent from term placentas
which has the capability of detecting a plurality of pregnancy-specific
proteins expressed in early pregnancy. Since the prior art used only
single protein tests or tests requiring scarce first month placentas, the
claimed method cannot be obvious.

C. Teachings of the Prior Art As a Whole Fail to Suggest Or
Render Obvious the Invention As Claimed in Claim 18.

Claim 18 is directed to the use of the pregnancy test within about
one month of conception. As shown in Bell and Lamb, false negatives in
single protein tests are most prevalent within about fifty days of the
last menstrual period. By removing non-pregnancy-specific proteins from
the term placental mixture prior to innoculation into the host an agent
capable of very early detection of a number of proteins is provided.
Sin§§ the closest prior art (Jankowsky) employed first month placentas
for preparing pregnancy detection antiserum, the successful use of term
placentas for preparing such antiserum is a clear advantage nowhere
suggested in the prior art.

‘ SUMMARY

Appellant has shown that the specification is sufficient to enable

one of ordinary skill in the art to successfully practice the claimed

g. t.hat the prior

Attorney fOr appeiiant
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IN. THE UNITED STATES PATENT AND TRADEMARK OFFICE
APPLICANTS: bav1d W. Holladay

SERIAL NO.: 755,100(70) : GROUP 120
FILED: December 28, 1976 : EXAMINER

Anna P, Fagelson
FCR: AGENT AND METHOD FOR THE EARLY
DETECTION OF PREGNANCY

DECLARATION UMDER 37 CFR 1.132

I, John E. Caton do hereby declare and affirm:
THAT I hold the degree of Fh.D in Analytical Chemistry from lowa
State University;

THAT I am employed as a Research Staff Member in the Analytical
Chemistry Division of the Oak Ridge National Laboratory;

THAT I have published more than fifteen papers {n professional
journals relating to the fields of analytical and bioanalytical
chemistry, including immunochemical techniques;

THAT during the years 1969-1974 I worked as an analytical chemist
in the Molecular Anatomy Program of the Oak Ridge Matfonal Laboratory,
during which time I carried out extensive work in the fields of gé1‘
electrophoresis, chromatographic separation of macromolecular solutions
such as serum, and the study of techniques utilizing antigen-antibody
reactions for analytical ﬁhrposes;

THAT I am well acquainted with the ordinary level of skill of workers
in the field of irmunology and immunoanalytical chemistry;

THAT workers of ordinary skill in the field of imunology and {mmuno-
analytical chemistry are well acquainted with the standard {mmunological
methods for detecting the presence of antigens in solutions by contacting
the solution with a solution containing antibodies to the antigens sought;

THAT in carrying out immunological tests for detecting the presence
of antigens in solutions, workers of ordinary skill in {mmunoloay or
immunoanalytical chemistry often make determinations of the proper titer
of antibody solution to use for a particular concentration of antigen

sclution;

-
i
<D
[ @]
-2

e 0 AR M SR A




—d

conception. Neither reference describes detecting antigens in serum or
urine from such early stages. The presence of antigens in mid-term or
late pregnancy does not indicate that the same antigens would be pres-
ent sufficiently early to be of interest for pregnancy detection.
Thirdly, no showing of criticality for term placentas is needed
since the use of term placentas is not prima facie obvious. The only
prior art test employing a mixture of antibodies (Jankowsky) required

first-month placentas - placentas from the same period of pregnancy as

to be detected. It is obvious that such a detection aéeﬁt would be
very expensive since first month human'placentas are obtainable only
from a very limited number of miscarriages and abortions. Term placen-
tas, on the other hand, are universally available and a detection agent
obtained therefrom would be obviously much less expensive than
Jankowsky's. The fact that Jankowsky never suggested the use of such
an obviously preferable source of antigens clearly demonstrates the
uncbviousness of the claimed invention.

Fourthly, the Examiner is requested to reconsider the rejection
under 35 USC 112 for the absence of an example of specific test proto-
col. The Board of Appeals rejected the Examiner's position in Ex Parte
Krenzer 199 USPQ 227 (1978). A copy of the decision is supp]ied'for
the Examiner's convenience. It is clear from Krenzer and cases cited
therein that the mere absence of a working example is insufficient to
support a rejection under the enablement or best mode clauses of §li2.
Since the Examiner has failed to provide reasons why one skilled in the
art would be unab]é to carry out the invention as claimed without undue
experimentation, it is requested that the rejection be withdrawn.

It is submitted that the claims are in compliance with 35 USC 103
and 35 USC 112 and a Notice of Allowance is requested.

Respectfully submitted,

Attorney for applicant

Q0ak Ridge, Tennessee
FTS-850-4334 (Commercial AC 615-483,8611, Ext. 34334)
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tuel comrols seck o regubae lued
o tuncuon of te mass ol an Howing
wh the engme. Both connols e te-
Wwe e varatons m emgine speed 1o
de o signal that s a funcuon of speed
aaddition, both are responsine to en-
aperational  parameters based o
crature and pressure of the a to pro-
wel tlow as an ulumate dunction of
an flow. Infringement 1s clear, as
the MFC and 1307 [uel controls per-

©abstantially the same funcnon uulis-

wbstantially the same mechamsm in
antially the same manner.

ce. in this case, the clums of the
.patent are not 1o be narrowly con-
din light of the prior ant or the Mack
scation and [ile wrapper, the trial
‘soriginal opinion with respect to m-
ment will not be disturbed. Inde-
mt of that conclusion. the issuc has
reviewed in the light of the record in
e, including the briefs of the parties
.were before the court. Lhold thatin-
ment has been established.
hrespect to the broader claims 1, 3,
i, infringement does not depend
resort 10 the doctrine of equivalents
these claims do not contain the
o language. These claims, being
er than the claims sought to be nar-
{ are infringed by the accused de-

gpiemental Conclusion of Law

» the findings of fact and opinion
ane 19. 1975 and the supplemental
a. supplemental and additonal
gs of fact filed herewith, all ot which
e a part of the judgment herein,
art concludes as a matter of law that
ans 11,24, 25 and 28 of Kunz Pai-
0. 2,720,751 arc invalid, wherefore
ation is dismissed as w that patent,
sclaims 1,3,4,5,7.8. 11, 12,18, 14,
*of Mock Patent No. 2.581,275 are
ad infringed, wherefore defendant
ke for infnngement of that patent.
gngly, plainuffis entitled to recover
dgmentis entered o that cifect. The
1 of recovery g reserved for turther
«dings under Rude-1314¢).

dings omitted .

Patent and Trademark Office
Board of Appeals

Ex parte Kienszer

Option daved July 311978

PATENTS

1. Patentability — Utility (§51.75)

Significant use tor invention claimed
must exist in order o sansfv ualay
requirement of 35 US.C 108 chuned
compounds that are described as exhibu-
ing herbicidal aduvity are disclosed 10 be
“useful.”

2. Patentability — Utility (¥51.75)

Examincer may require further assurance
of usefulness where reasonable doubt ex-
ists as to whether invention will funcion as
stated, notwithstanding asserted uiilis.

3. Patentability — Utility (§51.75)

Pleading and practice in Patent Office
— Rejections (§54.7)

Examiner who disavows any finding that
asserted utility which, on its face is not
contrary to generally accepted scientific
principles, is unbelievable, improperly im-
puted burden of proof 10 applicant; exam-
iner's unsupported skepticism as to
claimed invention’s utility does not pro-
vide legally acceptable basis for rejecting
claims.

4. Specification — Sufficiency of disclo-
sure (362.7)

Specification that discloses invention in
such manncer that one skilled in art would
be able to practice it without undue
amount of experimentation need not con-
tain working example.

5. Pleading and practice in Patent Office
- Rejections (§54.7)

Specification — Sufficiency of disclo-
sure (§62.7)

Patent and Trademark Office Board of
Appeals does not sustain rejection under
35 U.5.C. 112 on ground that specification
fails to set forth best mode contemplated
by inventor for carrying out invention, ab-
sent cause Lo suspect inventor of conceal-
ing any information as to what he feels is
preferred embodiment.

Particular patents — Herbicides

Krenzer, I-Thiadiazoly L.5-
Acylimidazolidinones, claims 1-10 ai-
lowed.
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Appeal from Group 122
.~\prl|uuuu Lor patent ot John Krenver,
Sevial Noo 371,466, tiled Apr. 25, 1975,
Fiom deasion rejecting claims 110, apphi-
cant appeals (Appeal No. 310-20) Re-
versed.
Robert . Schwarz, Chicago, L., (or ap-
plicant.
Before Witherspoon and Milestone. Ex-
aminers in Chief, and Peliman, Acting
Examiner in Chief.

Peltman, Acung Examiner in Chief.

This is an appcal from the examiner’s
decision finally rejecting claims 1 through
10, ali of the claims in the application.

The subject matter on apoeal relates 1o
various l-lhiadialolyﬁ -acyloxy-1.3-
imdazolidin-2-ones {(claims 1-8), a herbi-
cidal compaosition containing a compound
of claim { {claim 9), and a method of con-
trolling weeds by contacting them with a
herbicidal composition containing a com-
pound of claim 1 (claim 10). To illustrate
the subject matter before us, claim 1, the
only independent claim, is reproduced as
follows:

L. A compound of the formula

. 4w
ll-g 2— '/ul-———tl:l!,
\g A
H

wherein R! is selected from the group con-
sisung of alkvl of up 10 3 carbon atoms,
cveloalkvl of from 3 to 7 carbon atoms,
lower alkenvl, lower chloroalkyl, lower
bromoalkyl, lower alkoxy, lower alkyithio,
lower alkvisulfony! and lower alkylsulfinyl;
R? is selected from the group consisting of

lower alkyl, lower alkenyl, lower balaolkyl
and

4

|

R

l
-¢c~-C

ks

wherein R? and R? are each selected from
the group consisting of

atoms; and R s selecied hram ihe gron

199 Uskgy

hvdrogen and allal of up 1o 3 carbon

4

)
counasting of fower alkeml, lowea hJIU;Il- FLey '

ksl dower alkenvl Jower  alkoxvalkyl,

cvcloalkyl of from 310 7 carbon atoms and
$(s-n)

——(cHz)p

X

wherein X is selected from the group con-
sising of lower alkyl, lower alkoxy,
halogen, lower haloalkyl, nitro, cyano and
lower alkylthio; n is an integer from 0 10 3;
and m is the integer Q or 1,

We note, in passing, that in claim 2.
which depends upon claim 1, the term *'5-
acetyloxy” has no P oper antecedent basis
in the definition of 'R in claim }. See 37
CFR 1.75 (c).

No references have been cited.

All of the claims stand rejected “under
35 USC 101 because the record provides
no reasonable assurance that the claimed
compounds will function as alleged' (An-
swer, page 2).

We shall not sustain this rejection.

(1] Itisaxiomatic that, in order to satisf
the utility requirement of 35 USC 101, a
significant use for the invenuon claimed
must_exist. Brenner v. Manson, 383% US
519,86 S. Ct. 1033, 148 USPQ 68Y; In re
Joly e1 al. 54 CCPA 1162, 376 F.2d 906,
153 USPQ 243. Clearly, the presently
claimed compounds are disclosed to be
“useful” since they are described as exhib-
wing herbicidal activity.

{2] However, notwithstanding an as.
serted uility, an examiner may stilt require
further assurance of usefulness where 2
reasonable doub exists as to whether the in.
vention will function as stated. Such doybi
has been held reasonable where, for exam-
ple, the invention has been characterized
as “highly unusual,” In re Houghton, 58
CCPA 732, 433 F 2d 820, 167 U 687,
as “incredible,” In re Citron, 51 CCPA
852, 325 F.2d 248, 139 USPQ 516, or as
“100 | lative,” In re Elgroth, 57
CCPA 833,419 F.2d 918, 164 lgPQ‘&l.

In his Answer, at page 4, the examiner
explicitly disavows any finding that the
utility herein is unbelievable. He states:

“Here, the Examiner does not take the

E:si(ion that the herbicidal utility is un-

lievable (although it is ‘unexpected).
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The Examimer's position here is that ap-
phicant has Luled 10 provide the recond
with any bases at all o1 any Einding. one
win ar the ather, sbout the behevabibin
ol the uthes ™
{3] Regarding the above, the exammer
has aimproperlv unputed the burden of
proat 1o appetlant. Howeser, the court has
already passed upon esseatially this same
matter, albeit with respect to “enable-
ment,” and us holding appears 10 be
uniquely applicable herein. Thus. auen-
tion is directed to the decision in In re Mar-
zocchi et al, 58 CCPA 1069, 1073, 439
F.2d 220, 169 USP%BG?. 369, cited by ap-
Hant, wherein Judge Baldwin, speaking
or thw court, stated:

"*As a matter of Patent Office practice,
then, a specification disclosure which
contains a teaching of the manner and
process of making and using the inven-
tion in terms which correspond in scope
10 those used in describing and deﬁning
the subject matter sought to be patente
wmust be taken as in compliance with the
enabling requirement of the first para-
graph o%’ §ﬂ2 unless there is reason to
doubt the objective truth of the state-
ments contained therein which must be
relied on for enabling support.”
Although the Marzocchi et al decision

subsequently acknowledges that, in some
cases, a statement, on its face, may be con-
irary to generally accepted scientific prin-
aples. such exception is not involved here-
. Instead, we have before us the type of
wbject matter and associated circum-
sances described in ln te Gazave, 54
CCPA 1524, 1530-1531, 379 F.2d 973,
154 USPQ 92, 96, as follows:

* Appellant's discovery here does not

pear (o us to be of such a ‘speculative,’
:tslrusc or esoteric nature that it must
be considered unbelievable, ‘incredi-
ble,” or ‘facwually misleading.” Nor does
operativeness appear ‘unlikely’ or an as-
sertion thereof appear to run counter ‘to
what would be believed would happen
by the ordinary person’ in the art. Nor
does appellant’s field of endeavor ap-

ar 10 be one where ‘litle of a success-
nature has been developed' or one
which ‘from common knowledge has
loag been the subject matter of much
hwmbuggery and fraud.’ Nor has the ex-
aminer presented evidence inconsistent
with the assertions and evidence of
rativeness presented by appellant”
lootnotes omitted).
Consonant with the foregoing, the ex-
mner’'s unsupported skepticism as to the

utduy of the dhimed nnvention does not
provide alegadly acceptable hasis for ie-
jectmg the canms Teas suggested that, i
Light ot the abose e examiner man bee
appreaaic the pecuneney ot the holdings
in kx parte Kenaga, 184 USPQ 62 and 190
USSP 346.

All ol the clams also stand repecred
“under 35 USC 112 because the speaifica-
ton herein fails o set {orth the best mode
contemplated by the inventor of carrving
out his invenuon™ (Answer. page 41

{4} From the examiner's explanation ol
his posiuon, 1t appears that he is ercone-
ously equating best mode with working ex-
amples. However, a specification need not
conam s working example if the mvention
15 otherwise disclosed m such 4 manner
that one skilled in the art will be able 10
practice it without an undue amount of ¢x-
penmentation. In re Borkowsk ¢t al. 57
CCPA 946, 950, 422 F.2d 904, 164 USPQ
642, 645. We have no doubt that the inven-
tion at issue 15 disclosed sufficiently to
comply with the criteria set forth in Bor-
kowski.

[5] Inresponsetoal gellam's citation of
In re Glass. 492 F.2d 1228, 18] USPQ 31,
the examiner points to the statement
therein that failure 10 set forth any mode is
equivalent to non-enablement. We invite
attention, however, to the very relevant
discussion immediately following the sen-
tence to which the examiner relers. Said
discussion quotes with approval from In re
Gay, 50 CCPA 725, 73Pl. 309 F.2d 769,
772, 135 USPQ 311, 315, which states. in
part, that the best mode provision |B|:

“® . . requires an inventor to disclosce
the best mode contemplated by him. as of
the time he executes the spplication, of
carrying out his invention. Manifestly.
the sole purpose of this laiter require-
ment s io restrain inventors from apply-
ing for patents while at the same tune
concealing from the public preferred
embodiments of their inventions which
they have in fact conceived.”

"As we view portion [B}, we think that
an inventor is in comphance therewith it
he does not conceal what he fecls is a
Ere.fe‘r.l:ed embodiment of his invention

Since, in this case, we have no cause (o
suspect the inventor of concealing any per-
tinent information he may possess, we
shall not sustain this rejection.

The examiner's decision rejecting
claims 1-10 isreversed.

Reversed

DU SURIPADUILPI SRR Y g T8 | BRRISS




. : PARET
WSy .
o AN
- . - ;

£ VA | wa DEPARTMENT U 8iiNIns:
W T bl kiene o Trademar: Giic

-

s k <s ! MISSIONER OF PATENTS AND TRADEMARKS
E=s Adaress . amnacon 6 ¢. 40201
Mitep
IYER;
aAnna P. Fagelson Art Unit 125 OD;F! 71978
12/28/76 755,100
David W. Holladay €201 120
° °
James E. Denny
gsgt.EGen. C;‘Hslsil }fxoi Patents THIS IS A COMMUNICATION FROM THE EXAMINER
«5. Energy Rresearc IN CHARGE OF YOUR APPLICATION.
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PATENTS AND TRADEMARKS

Washington, D. C. 2054S PATENTS AND Th

Mn\is application has been examined,

ﬁkesponsive to communication filed on Juu / 28 7(

X1 This action is made final.

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO TH!S ACTION 15 SET TO EXPIRE M MONTH(S)

—— DAYS FROM THE DATE OF THIS LETTER. i

FAILURE TO RESPOND WITHIN THE PERIOD FOR RESPONSE WiLL CAUSE THE APPLICATION TO BECOME ABANDONED.
35U.5.C. 133

-LPART1  THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. D Notice of References Cited, Form PTO-892. 2. D Notice of informal patent Drawing, PTO-948.

3.D Notice of [nformal patent Application, 4.[:]
Form PTO-152

3“1 11 SUMMARY OF ACTION

§ '.m Claims /2- 'L?

are pending in the application.
& .
& Of the above, claims are withdrawn from consideration,
2. D Claims have been cancelled, E
J.D Claims : are allowed.

4.& Claims yx ’/,Z
s.[] claims
6. D Claims

4
7. D The formal drawings filed on

are rejected,

are objected to.

are subject to restriction or election requirement,

are acceptable,

8. D The drawing correction request filed on has been

D approved,
[ disapproves.
9. D Acknowledgement is made of the claim for priority under 3§ U.S.C. 119. The certified copy has
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D not been received.
. serial no. _____ —_— filed on
e (]

Singe !rfis application appears to be in condition for allowance except for formal matters, prosecution as to the
merits is closed in accordarce with the practice under Ex parte Quayle, 1935 C.D. 11, 453 OG. 213,
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been filed in parent application:
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Serial No. 755%5,100 2=
Art Unit 125

The specification is objected to éor the
reasons set forth in the last Office action of April 6,
1978.

The claims stand rejected under 35 yUsSC 112
(paragraph 1) for the reasons of record in the absence
of teachings as to the specific test method employed.

The claims stand rejected under 35 USC 103 as
inherent in the teachings of any one of Hofmann 1 or 2,
Brock or Lin (1), either alone or considered with the

Bohn patent or Jankowsky for the reasons set forth in

the last Office action. There is no evidence of record

showing any criticality with respect to the use of "tem

placental proteins®™ nor is there any evidence that the
instant placental proteins or methods differ in kind
from those of the art. The claimed means of securing
the proteins and the proteins per se are so indefinite
;hat it is a matter of speculation as to what is con-
‘tained in'lny final product. Por example, precipitating
proteins with salts, depending on concentration, can
give various different fractions. Applicant's reference
to "plurality”™ of proteins in khe responée of July 28,

. 1978, is not understood. Obviously, the placenta will
contain a plurality of proteins, It is not seen that
such mixtures of proteins present anything new or
unexpected to the routineer in the art.

This action is made FINAL.
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James E. Denny
Assistant General Counsel for Patents
United States Department of Energy
Washington, D. C. 20545

Applicant : David W, Holladay 7§ )
Serial No. : 755,100 . S-7 2;1’{ )
Filed : December 28, 1976 ) GROUP 120
For : AGENT AND METTOD FOR THE FARLY DETECTION OF )
PRECMANCY

Receipt is acknowledged of the following in the above-identified application:
( x) Response to Office Action dated April 6, 1978 .
Letter to Draftsman
Affidavit

Notice of Appeal

Fee Authorization
Appointment of Attorney
PTOL-85b Base Issue Fee :
PT0-1094 with ( ) Sheets Formal Drawings

Petition

Appeal Brief

Amendment under Rule 312
Directive

Withdrawal of Directive
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: David W. Holladay

SERIAL NO.: 755,100(70) : GROUP 120

FILED : December 28, 1976 EXAMINER

Anna P. Fagelson

FOR : AGENT AND METHOD FOR THE EARLY DETECTION
OF PREGNANCY

AMENDMENT B

The Commissioner of Patents and Trademarks
Washington, D. C. 20231

Sir:
In response to the Office Action of April 6, 1978, please amend
the above-identified application as follows:
IN THE CLAIMS
Cancel claims 3, 7, 9 and 11.
Add new claims 17, 18, and 19.

17. A method of detecting the existence of pregnancy in humans

-l

comprising obtaining serum or urine from a patient within about two
months of suspected conception, contacting said serum or urine with a
pregnancy detection agent containing antibodies to a plurality of
pregnancy-specific proteins, and observing whether antibody/antigen
reactions occur, the occurrence of at least one antibody/antiggn reac-
tion biing indicative of pregnancy, said pregnancy detection agent pre-
pared by the method comprising

W 0 N o W N

(a) first providing a mixture of term placental proteins con-

taining antigenic pregnancy-specific proteins;

-t
- 0

(b) contacting said mixture of term placental proteins with anti-

[
~

bodies raised against either pregnancy-specific proteins or normal human

-
w

serum proteins to cause said antibodies to react with pregnancy-specific

—t
>

proteins or non-specific antigenic proteins contained in_said mixture;

o
o

{c) separating the reaction products of step (b) from the remainder

-
(-]

of the term placenta) protein mixture to provide a mixture of antigenic

—
~4

pregnancy-specific proteins isolated from non-specific antigenic

-
o«

proteins;
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(d) innoculating a host animal with said mixture of antigenic
pregnancy-specific proteins to cause said host animal to raise anti-
bodies to a plurality of pregnancy-specific proteins;.and

(e) isolating antibodies to said plurality of pregnancy-specific
proteins from antibodies to non-specifié human proteins.

18. The method of claim 17 in which said serum or urine is
obtained from said patient within about one month of suspected concep-
tion.

19. The method of claim 17 in which said method for preparing
said pregnancy detection agent further comprises isolating antibodies
to said plurality of pregnancy-specific proteins from non-antibody
host animal serum proteins.

Amend claims 12-16 as follows:

12 (Amended). The [agent] pregnancy detec.ion method of claim

[11) 17 in which step (b) comprises contacting said mixture of term
placental proteins with antibodies raised against pregnancy-specific

proteins.

13 (Amended). The [agent] pregnancy detection method of claim

[11] 17 in which step (b) comprises contacting said mixture of term
placental proteins with antibodies raised against normal human serum

proteins.

14 (Amended). The [agent] pregnancy detection method of claim

[11] 17 in which said mixture of term placental proteins is prepared by
providing a suspension of term placental tissue in a stabilizing
medium, separating suspended solids from said suspension to provide a
shpernatan; solution, adding a salting agent to said supernatant
[solutions] solution to precipitate proteins and dissolving said pre-
cipitated proteins to provide said mixture of term placental proteins,

Claim 15, line 1, after "The" delete "agent" and replace it with
--=pregnancy detection method---.

Claim 16, line 1, after "The" delete “agent" and replace it with

. -e-pregnancy detection method---.

-2 -
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Claims 3, 7, 9 and 11 through 16 stand rejected under 35 ys¢ 112
and 35 USC 102 or 103. The specification is objgcted to as containing
insufficient exemplary matter, The present‘amendment cancels claims 3,
7, 9 and 11 and adds new cléims 17, 18 and 19, New claims 17, 18 and
19 are previously submitted claims 7, 9, and 3, respectively, with the
addit}onal 1imitation that the agent contains antibodies to a plurality
of pregnancy-specific proteins and the placental proteins used in pre-
paring the pregnancy detection agent are from term placentas. All of
the present claims are directed to a method df detecting pregnancy
using an agent defined by its method of preparation, i.e. to a method
of use of a product-by-process.

The Examiner requested a more complete citation of references
identified as “Incersociety." The complete citation of the references
is as follows: ,

“proceedings of the American Society of Experimental Biology",
Vol. 33:3, No. 443 (1974), and

"Proceedings of the American Society of Experimental Biology”,
Vol. 33:3, No. 490 (1974).

»éjq the Office Action, the Examiner cited U. S. Patent 4,065,445 to
Bohﬂ;;et al. as a secondary reference. As pointed out in the dJanuary
10, 1978 letter, applicant's attorney has no copy of this reference.
This reference is not believed to be closer than the other art of
rééord and will not be discussed further in this response. The
Examiner is requested to provide a copy of this reference if she
intends to rely upon it further,

THE INVENTIVE CONCEPT

Applicant's inventive concept as set forth in the presently sub-
mitted claims is baseq upon the discovery that term’ placentas contain a
plurality of antigenic pregnancy-specific proteins, several of which
are present in detectable amounts in the serum or urine of women in the
early stages of pregnancy. While workers in the prior art were
apparently aware of the existence of a number of pregnancy-specific

-3.
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proteins in placental tissue and pregnancy serum, it is only the appli-
cant uﬁ& has discovered that a host animal infoculated with a mixture
of term placental pregnancy-specific proteins can raise antibodies to a

plurality of proteins which appear in pregnancy serum sufficiently early

to be useful in a pregnancy test. The operability of the claimed

pregnancy tests for detecting a plurality of antigens in the very early
stages of pregnancy is demonstrated by a numer of double-diffusion
tests described on pages 14-16. The use of the claimed pregnancy-
detection agent represents a significant advance in the art. Those
women prone to false negatives in prior art tests based on only one
serum antigen are now provided with a test capable of detecting any of
several pregnancy-specific antigens. The improvement. in reljability-
over the.prior art "single antibody" tests is self-evident.

THE 35 USC 102 OR 103 REJECT1ONS

The present claims are directed to a pregnancy detection method
for use in detecting pregnancy within two months (claims 12 through 17
and 19) or within one month (claim 18) of suspected conception.
Nowhere in the art of record is any pregnancy detection method
described for the early stages of pregnancy which utilizes antibodies

ality of pregnancy-specific proteins obtained from term pla-

’ .-aLin (1) reference deals with third trimester serum and is not
concerned with pregnancy detection. Hofmann I, Hofmann Il and Brock

do not describe the use of antibodies fo placental proteins for the
detection of early pregnancy. Though pregnancy serum was used in some
of the immunological tests of the references, the condition of pregnancy
had already been confirmed. There is no suggestion that serum from
women one or two months after conception Qould contain a plurality of
antigens detectable by applicant's claimed method. Consequently,
pregnancy detection within two months of conception is not inherent in
the Hofmann references. It is unjustified speculation on the Examiner's

part to assert that pregnancy serum used in the Hofmann work was

-4 -
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obtained within two months of conception, especially since the serum
Ihad already been identified as pregnancy serum. In the absence of any
teaching that pregnéncy can be initially detected by the use of anti-
bodies to a plurality of term placental proteins, the application of
the Hofmann, Brock or Lin references to the presently submitted claims
is unwarranted. .

The Jankowsky reference describes a pregnancy detection method
employing antibodies to first month placental proteins. The fact that
an antigen might be present in first month placentas does not indicate
that it would be present in term placentas, especially in view of
numerous teachings on the art of record that some placental proteins do

- not occur in the serum at all. See Brock et al. As pointed out in
applicant's specification, p. 16, lines 6-10, the precipitin bands which
are strongest for early pregnancy show identity with the weakest bands
from third trimester pregnancy serum. It should be apparent term pla-
centas are more readily available and consequently less expensive than
first month placentas. - If Jankowsky had recognized that a useful
detection agent could be prepared from term placentas, he certainly
would have used term placentas or at least suggested their use. It is

- the use'of applicant's own teachings that one is motivated to

placentas to prepare a detection agent.

" The art of record, when taken as a whole, evidences the unob-
viousness of the c]aimed method. Even after some fifteen years of
intensive immunochemical'investigation of pregnancy related antigens,
none of the references cited suggests the use of antibodies to

a mixture of term placental proteins in a pregnancy test. Furthermore,

none of the references or combinations of references suggest that term
placentas even contain a plurality of antigens also expressed in serum
or hrine in the first one or two months after conception., Absent such
teachings, it is a clear diséortion of the prior art as a whole to
modify the reference processes to perform the claimed invention. If

the Examiner intends to rely further on the art of record, she is

[ . -, . e, .
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requested to identify the specific location of the teachings essential

to establish the prior arts' knowledge or suggestion of th; method as

claimed. | |
THE 35 USC 112 REJECTIONS

The Examiner's continuance of the rejection under 35 USC 112 is
specifically traversed. This rejection appears to be based upon the
general allegation that the specificatiqn includes insdfficient
exemplary matter to support the claims and, more specifically, the lack
of specific examples of test methods with protocol and proportions
employed.

It. is not clear whether the Examiner is continuing her original
-rejection that there is insufficient disclosure of the characteristics
of pregnancy-specific proteins to determine the bounds of the‘c1aims;
Nevertheless, the present claims are directed to the use of a product
prepared by a specified process and in that context the description of
pregnancy-specific proteins is made clear, especiaily in view of the
definition of pregnancy-specific proteins on page 6 of the specifica-
tion. The method of isolating pregnancy-specific proteins from non-
specific human proteins indicates that the pregnancy-specific proteins
specified in the claims are those proteins which are not bound on a
colmﬁ%ﬁbpared with anti-normal human serum as opposed to thése pro-

] teins,;{:é.-normaf serun proteins, which.react with such a column. The
fact that the proteins might prove useful for the detection of cancer
does not detract from their character as pregnancy-specific as defined
in the specification. Furthermore, the term "pregnancy-specific' is
employed frequently iﬁ the prior art of record to define a similar
class of proteins.

It is not understood how the specification can be defective under
the enablement or best mode clauses of 35 USC 112, The pregnancy test
as presently claimed is describe& in the specification first at page 3,
lines 21-25 which states that the method comprises

"Contacting serun or urine from a patient with an anfibody to a

pregnancy-specific protein isolated from non-specific antibodies,

and observing whether an antibody/antigen reaction occurs, the
occurrence of said reaction being indicative of pregnancy."

-6 -




Again on page 11, line 31-page 12, line 6 it is stated

"All that is necessary for this pregnancy detection method is that

serum from a patient be contacted with an antibody raised against

a pregnancy-specific protein and the results observed to detect

signs of antibody/antigen reaction. The occurence of the reac-

tion, of course, indicates pregnancy. It can be readily appre-
ciated that any of the several methods for detecting
antigen/antibody reaction is suitable for detecting pregnancy
according to my method. Examples of such methods are gel precipi-
tation, gel electropherograms, immunoelectrophoresis, crossimmuno-
electrophoresis, and immunodiffusion."

One need only review the art of record to see that such methods are

common and well within the skill of workers in the art.

Applicant does not regard the mechanical steps of these well-kncwn
immunological techniques as his invention and need not describe them in
the application. What applicant has invented is a pregnancy test
employing the use in prior art test methods of an antibody agent pre-
pared using a mixture of term placental antigens. Applicant has
described the method of preparing this agent in great detail (pp. 3-14)
and has demonstrated its operability for pregnancy detection by prior
art techniques (p. 14, line 31-p. 16, line 11). On page 12, lines 7-11
it is stated that the pregnancy detection method is useful for
detecting pregnancy within about two months of conception, especially
within about one month of conception., It is described therein that gel
precipjtation was used to test the antiserum to placental antigens for
the presence of antigens in the sera of pregnant women. In women of
the third trimester of pregnancy, two to four bands were visible after
40 hours compared to a control which showed no reaction. On page 15,

line 21, serumn samples were tested by double diffusion against anti-

- serum to placental antigens using placental extract and serum from a
woman in the third trimester of pregnancy as a reference. After 16
hours one sharp band and one faint band of precipitation were observed
in both samples and the two bands merged with bands from both placental
extract and third trimester preénancy serum sample, For both samples a
precipitin band was observed as early as one hour after the start of
immunodiffusion with three precipitation bands observed in the second

sample within 24 hours of loading. Beginning on page 16, it is stated

-17-
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that another pregnancy serum sample was tested against the antiserum
and gave two precipitin bands within 16 hours.

In view of the above statements in the specification, it is not
understood where the deficiency lies. It is stated in the specifica-
tion that the test can be performed by -double diffusion, The declara-
tion of John E. Caton establishes that if a person of ordinary skill in
the field of immunology and imnunoanaly‘tica’ltchemistﬁry ;uere given a
solution known to contain antibodies to proteins specific to the serum
or urine of pregnant women (such as described‘t(ay ‘the apbliéan‘t), that
he would be able to test the samples of serun. or ur.jtne fmj the bn:esence
of these proteins specific to pregnancy by L}:he well-known Ouc;.hterlony
technique of double diffusion. Dr. Caton further de;hrgd that workers
of ordinary skill in the art often determine the proper concentration
of antibc;dy solution used for detecting the presence of antigens in
solutions such as urine or serum and that such a per;op'hpt‘:l(d be able
to determine the proper concentration by a simple _vell-k_nowﬁ method
which requ‘lfes only that an agar plate be left overn‘lghﬁ. Since no
undue experimentation is required in carrying out the test as’claimed,
no additional information is needed.

The rejection was based in part on the lack of a specific example.
The T’ick of a specific example is of no moment in the present case
where it is well within the skill of the art to carry out the claimed
method. The Examiner's position that when one claims a method one must
have a specific example carrying out the method is not understood. The
method applicant claims involves the simple contacting of se;‘iln or
urine with the specified pregnancy detection agent. Applicant
described this contacting via a double qiffusion test and suggested
that other methods are also suitable. Appiicant has not carried out
such other methods and should not be required to formulate examples
based upon these other procedures in order to claim patent protection
comménsurate in scope with his discovery,

The Examiner's requirement for a specific example of a claimed

method is contrary to current case law. In In Re Borkowski,

-8 -
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164 USPQ 642, CCPA, 1970, the CCPA held quite differently. The claimed
invention was a process for producing oxygenated hydrocarbons by
reacting hydrocarbons with ferric chloride in vapor phase and hydro-
1yzing the resulting material. The claims were rejected under 35 USC
112 as based upon insufficient disclosu?e particularly with reference
to a chlorination step. The Examiner believed that relative amounts of
the hydrocarbon and the magnitude of reaction times were two parameters
which the appellant should have disclosed more fully, While
acknowledging that the specification need not read as instructions to a
technician and that one might after a few hours of experimentation
determine how to carry out and control the chlorination of methane, the
Board affirmed the Examiner stating:

*...the asserted novelty in the mode of operation which involves a
careful balance of a number of distinct reactions makes illustra-
tion particularly necessary. Desirably and necessarily, such
i1lustrations should provide an exemplary correiation of the times
of reaction, rates of reactant, feed and material removal
(chlorinated product, ferric oxide, HCl, etc.). This would inform
a man skilled in the art of the actual feasibility of appellant's
process and provide some sort of jumping off place in a plunge
into the unknown when planning a series of experiments from which
the necessary operating parameters of the process may be
determined." :

The CCPA criticized the Board's position saying that the exemplary
corrolation the Board thought necessary was apparently no more than a
specific working example. The.Court stated:

"However, as we have stated in a number of opinions a specification
need not contain a working example if the invention is otherwise
disclosed in such a manner that one skilled in the art will be
able to practice it without an undue amount of experimentation,
Here, while it may be that an 'exemplary corrolation' of parameters
such as times of reaction and rates of reactant feed and product
removal will give the worker in the art some useful information
and provide a 'jumping off place,' we see no basis for concluding
that without such information the worker in the art would not be
enabled by the specification to practice the invention; i.e. to
‘balance' the several reactions involved in the appellants' pro-
cess. The 'few hours' experimentation mentioned by the Examiner
certainly would not seem to be an undue amount of time considering
- the nature of the claimed invention."

In the present case, the only work which a worker in the art might
need to perform is set forth in Dr. Caton's declaration. Since workers
in the art are well-acquainted with the needed tests and accustomed to

performing them, the rejection is improper. Since the mere lack of an

-9 -
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example is not proper grounds for rejection, the Examiner is requested
.to either withdraw the rejection or point out specific deficiencies

which would require undue experimentation. As the Court of Customs and
Patent Appeals pointed out in In re Budnick, 190 USPQ 422, CCPA (1976),

"Where an applicant asserts that é specification contains enable-

ment commensory in szope with the protection sought by the claims

but the Examiner is of the opinion that the disclosure is not
enabling, he has the burden of substantiating his doubts concerning
the enablement with reasons or evidence.

The best mode rejection is equally unwarranted. In In re
Karnofsky, 156 USPQ 682, CCPA (1968), it was held that a specific
example is not needed to fulfill the best mode requirement. The claims
in issue were directed to a process for manufacturing vinyl acetate
monomer including a number of steps and a number of separations
involving rectification, distillation and recycling of various com-
ponents.. In support of the Board's affirmance of a 35 USC 112 rejec-
tion it was argued that one wishing to practice the claimed invention
would have to determine a number of variables, such as the richness of
the feed to the splitter column and expected variations in that :
richness; temperatures at top and bottom of the splitter column; feed
rates; etc. and would have to corrolate these values with pressure
recycle rate and design of the column itself before he could determine
the method of operating his process to achieve appellant's result. In
answer to this charge the Court pointed out: -

"Assuming all this to be true, it does not concern the question

before us. Qur concern is whether. one of ordinary skill in the

art would know how to adjust these operating variables to achieve
the desired result. :

Applicant has asserted throughout the prosecution of his applica-
tion that such adjustments would present no more than a routine
operating problem to a chemical engineer. He has noted the fact
that the materials involved have widely separated boiling points.
He has explained the physical phenomenon of the law of partial
pressure in multicomponent distillations and argued that a
distillation engineer of ordinary skill being conversant with
these physical facts would know how to operate a still to achieve
the results of the specification.”

After finding that the Board had no controverting facts the Court held
in favor of the applicant pointing out:

- 10 -
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“Where ona of ordinary skill in the art would know how to select

operating conditicns so as to achieve a particular result, the

failure to include a recitation of some specific operating con-
ditions in the specification cannot give rise to a rejection
either under the ‘enabling’ or under the 'best mode' requirement

of 35 ysC 112."

In view of the above decisions it is submitted that the Examiner
has failed to meet her burden to specifically point out information
that is needed to carry out the invention and is both lacking in the
specification and incapable of determination with only a small amount
of routine testing well within the skill of the art.

It is believed that the presently submitted claims are in
compl iance with 35 USC 102, 103 and 112 and a Notice of Allowance is

_requested. If the Examiner has any suggestions or questions as to
claim language, a telephone call to applicant's attorney is suggested.
Respectfully submitted,
i W- (/W
Attorney for applicant
Qak Ridge, Tennessee
FT1S-850-4334 (Commercial AC 615-483-8611, Ext. 34334)

Uzzell:br
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U.S. DEPRA S\MT OF COVIMAL(.CE
Patent and ™aremark Cifice

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

» - MM.E‘D ED
Fagalson Art Unit 125 '
755,100 12/28/76 : _
David W. Holladay, APRO © 1978

. e }
James E, Denmy n
A""smt Geno,comsel Fat Pau. ’ THIS IS A COMMUNICAT! NGFEOGI}];NE‘EZX?MINER
U.S. Energy Res, & Dev, Admin,, IN CHARGE OF YOUR AF?PLICATION.
Washington, D.C. 20545

PART 1

PART It

COMM'SSIONER OF
PATENTS AND TRADEMARKS

mmis application has been examined.

MResponsive to communication filed on JAJ‘_LZ_LiJ.L .

D This action is made final.

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS ACTION IS SET TO EXPIRE E_gp_«_é,]_ MONTH(S)
rm==e __DAXS FROM THE DATE OF THIS LETTER.

FAILURE TO RESPOND WITHIN THE PERIOD FOR RESPONSE WILL CAUSE THC APPLICATION YO BECOME ABANDONED.

' 35U.5.C, 133
THE FOLLOWING ATTACHMENT(S) ARE PART OF TH!S ACTION:
1. g Notice of References Cited, Form p7Q-892. - 2. D Natice of Informal patant Drawing, PTO—948.
a, D Notice of Informal Pa‘nt Agpplication, 4.[:]
Form pTQ-152
SUMMARY OF ACTION
1. Claims 3_ 7 & i -—'JL are pending in the application.
iy 77
Of the above, claims are withdrawn from consideration,
LD;,-_;Chims have heen cancelied.
S.D Claims - are aliowed.
4, Claims . . j
g _37_7747_1/ 1L i are rejected.
S.D Claims are objected to.
6. D Claims are subject to restriclion or election requirenent.
7. e formal drawings i:1ed oa are acceptatle,
8. D The drawing correcticn recuest filed on has been D approved.
D disapproved.
9. Acknowledgement 15 made of the claim lor priority under 25 {'.5,C. 119. The certified copy nas
(] been received. been filed in parent app!ization:
D not been received.,
Seridi no. filed on .
10. D Since this application supears to be in congition for allowance except for formal matters, progecuunn oo 1~ * o

ments i3 closed in accordance with the ofactice under Ex parte Quayle, 1935 C.p. 11, 453 0G. 213, T

n. D Other

Form PTO 326 (rev. 11/77)
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Serlial No. 755, 100
Art Unit 125

The specification is again objected to as in-
cluding insufficient exemplary matter to support the

claims for the reasons set forth in the last Office

action. The statutes require a full disclosure of the

best mode ccntemplated. The fact that those skilled in

the art may develop & test employing the placental en-
: tigens 1s of no moment where here applicant is claiming
i such method snd seeks pateat rights for such method he

now stabtes o y be developed by' others.

The claims therefore stand rejected under 35
USC 112 (par 1) for the reasons above set forth.

The ciaims are rejected under 35 USC 102/103

Co as inhzres. in the teachings of any one of Hofmannl or 2,
> Brock, or Lin (1) either alone or considered with the
4 Bohn patent, newly cited, or Jankowsky. Hofmany, Brock

and Lin are deemed to teach the use and means of preparing

antigenis - :ognancy specific proteins. Moreover, it

is not c2u: that such proteins are rendered mewly
paten’.'.éible i the recitation of the means of preparing

same. The uve of such placental proteins in detecting

preg':?rrc._‘; vhile inherent in the teachings of Hofmangp,

; Brock ¢ Lin is further taught by Bohn and Jankowsky, the
é .latter ir rarticular noting the early detection. .
i
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Yor :  AGENT AND MET¥OD FOR THE PARLY DETECTION )
3 OF PREGNANCY
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Response to Office Action dated September 19, 1977 ,
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/1?77

Affidavit ( ) Petition

Notice eof Apoeoal ( ) Appeal Brief

Fee Authorization ( ) Amendment under Rule 312
Appointment of Attorney ( ) Directive
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PT10-1994 with ( ) Sheets Formal Drawings ( ) Withdrawal of Diractive -
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1015833

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT : David W. Holladay
SERIAL NO.: 755,100(70) ¢ GROUP 120
FILED : December 28, 1976 ¢ EXAMINER

Anna P, Fagelson
FOR :  AGENT AND METHOD FOR THE EARLY

DETECTION OF PREGNANCY
AMENDMENT A

The Commissioner of Patents & Trademarks
Washington, D. C. 20231

Sir:
In response to the Office Action dated September 19, 1977,
please amend the above-identified application as follows:

IN THE SPECIFICATION

Page 15, line 26, delete "placnetal" and replace it with
---placental---.
IN THE CLAIMS
Cancel claims 1, 2, 4, 5, 6, 8, and 10.

Claim 3, line 1, after "claim" delete "1" and replace it with
-==11---.

\, ki .
7 (Amended). /A method of detecting the existence of pregnancy in
humans comprisi [contacting] obtaining serum or urine from a patient

w%thin about Awo mmonths of suspected conception, contacting said
B <

serum or yfine with the agent of claim [1] 11 and observing whether [an]

antibodyfantigen [reaction‘q&surs] reactions occur, [and] the occurrence

of sayd [reaction] reactions being indicative of .pregnancy.

9 (Aqeng€d). The method of claim 7 wherein said serum [is with-

drawn] or/uxine is obtained from said patient within about two months of

suspegfed condeption.

Add new claims 11-16.

11. A pregmancy detection agent prepared by the method comprising
a. first ppdviding a mixture of placental proteins containing

antigenic pregnancy-specific proteins;
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\b. contacting said/ mixture of placental proteins with antibodies

raised against either y egnancy-specific proteins or normal human serum
proteind, to cause said antibodies to react with pregnancy-specific
proteins non-specAfic antigenic proteins contained in said mixture;
c. sepyrating the reaction products of step (b) from the remainder
of the placenta p‘otein mixture to provide a mixture of antigenic
pregnancy-specifjd\ proteins isolated from non-specific antigenic

proteins;

d. innocylating A\host animal with said mixture of antigenic

pregnancy-spegific prateiys to cause said host animal to raise anti-
bodies to sa?& pregnancy-spd¢ific proteins;
e. isa%ating antibodies Yo said pregnancy-specific proteins from

antibodies to non-specific human

12. The\agefit of claim 11 in which step (b) comprises contacting
said mixturgZof\placental proteins with antibodies raised against
pregnang¥-specific proteins.

13. The kgent of claim 11 in which step (b) comprises contacting

said mixture

Ygacental proteins with antibodies raised against normal
human serum/proteins.
14. The agent of claim 11 in which said mixture of placental

proteins is prepdfed by providing a suspension of placental tissue in a

stabilizing megiulp, separating suspended solids from said suspension to
provide a supernatiynt solution, adding a salting agent to said super-
natant solytions to Rrecipitate proteins and dissolving said precipi-
tated proteins to provide said mixture of placental proteins.
Wdﬂ‘tﬁx el
15. The of claim 14 in which said stabilizing medium is

-selected from the group of phosphate buffer and perch]oric acid and said

salting agent is selected from the group of ammonium sulfate and sodium
syl fate. '
v%( L‘h,&t,ux M«L
16. Thefagint off c

taim 14 in which said stabilizing medium is

phosphate buffer and said salting agent is ammonium sulfate.
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REMARKS

Claims 1-10 stand rejected under 35 USC 102 and 35 USC 103 on
various combinations of Fisk, the Japanese patent, the German patent,
the Schuyler article and the Seppala article. Claims 1-10 also stand
rejected under 35 USC 112 based upon fnsufficient exemplary matter and
on insufficient disclosure as to specific test methods. The present
amendment cancels claims 1, 2, 4, 5, 6, 8, and 10, and adds new claims
11-16. Claims 3 and 7 are made dependent on new claim 11,

In a telephone interview 6n December 5, 1977, applicant's attorney
argued that the presently submitted product-by-process and use claims
are sufficiently specific in scope to be in compliance with 35 USC 112,
first paragraph and that the specification contained sufficient dis-
closure to support the claims under 35 USC 112, second paragraph.
Applicant's attorney pointed out that Title 35 USC has no requirement
for specific examples such as the detailed pregnancy test procedure
suggested by the Examiner. The Examiner is referred to the case of

In re Borkowsky, 164 USPQ 642 CCPA (1970) which clearly sets -forth the

requirements of the specification. The Court held that a specification
need ﬁot contain a working example if the invention is otherwise dis-
closed in such a manner that one skilled in the art will be able to
practice it without an undue amount of experimentation. In this con-
nection, applicant's attorney pointed out that workers in the field of
immunology are well acquainted with tests such as immuno-diffusion and
could easily determine proper test conditions such as the appropriate
concentrations of antibody solution. The Examiner indicated that such
an argument would be persuasive and suggested that the eviéegce be
submitted. k .

The accompanying declaration of John E. Caton, one of several years
experience in the fields of immunology and immunoanalytical chemistry,
establishes that workers of ordinary skill in the field of immunology
and immunoanalytical chemistry are well acquainted with double diff.s:se

techniques for detecting the presence of antigens in a sample by the .<e
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of antibody solutions. The use of declarations under 37 CFR 1.132 to
establish the level of skill in_the appropriate art is in conformance
with the Court of Custom and Patent Appeals decision of In re Doyle, 179
USPQ 227 (1973). The declaration points out that it would be a simple
matter for one to determine how to carry out the pregnancy test of the
present invention if one were given a solution known to contain anti-
bodies to proteins specific to the serum or urine of pregnant women,
such as the solutions demonstrated in the specification. The declara-
tion also sets forth the simple procedures customarily used in the art
so that the Examiner can herself judge the level of skill of the art.
In view of the fact that applicant's pregnancy detection method can be
carried out with well-known test procedures with only a minimal amount
of experimentation and that workers in the relevant art are accustomed
to determining the proper conditions for conducting such tests, it is
urged that the rejection under 35 USC 112 be withdrawn,

THE INVENTIVE CONCEPT

Applicant's inventive concept is based upon the discovery that
antibodies raised against a mixture of pregnancy-specific placental
proteins constitutes a highly effective pregnancy detection agent ‘
capable of reliably detecting the very early stagzs of pregnancy.
Applicant's pregnancy detection agent is prepared by first providing a
mixture of placental proteins; separating antigenic pregnancy-specific
proteins from said placental protein mixture by immuno-chemical tech-
niques and raising antibodies to the isolated pregnancy-specific
proteins. The antibodies to pregnancy-specific proteins are isolated
from antibodies to non-specific human proteins and can a1§o be isolated
from animal proteins to provide a highly effective pregnancy detecting
agent. Applicant's invention constitutes the pregnancy detecting agent
prepared by the described process and a method of use for the detection
of pregnancy. The advantages of applicant's test are especially real-

ized wnen it is used tor the detection of pregnancy within about two

months and within about one month of conception.




PRIOR ART

Nowhere in the prior art cited by the Examiner is any pregnancy
detection agent or method described which makes use of antibodies to a
mixture of pregnancy- spec1f1c proteins known to be present in early
pregnancy. The use of a mxxture causes the pregnancy detection agent of
this invention to be rore effective than prior art agents which contain
antibodies to only one pregnancy4specificAprgtein Since the levels of
pregnancy- spec1f1c proteins can be expected to“ya;y among 1nd1;1dua1
women, it can be readily seen that applicant's agent wh1ch detects more

than one pregnancy- spec1f1c prote1n will be s1gn1f1cant1y more accurate ’

than the prior art methods. The accuracy of the c?a1med pregnancy
detecting agent in the claimed method 1sbdemonstrated on pages 14-16 of
the specification. The agent of this 1nvent10n pro;ed p051t1ve against
third trimester serum from “three women 1n their third pregnancy, three
women in their second pregnancy, and three women %n ch?? riﬁét preg-
nancy, as compared to a prev1ous1y pregnant woman>ta:;ng~;n estrogen-
based birth control pill. The presence of 2 to 4 prec1p1tat1on bands
indicated the presence of at Teast two to four pregnancy specific pro-
teins. The detection agent gave negat1ve tests against a succession of
batches of pooled normal human serum and was pos1t1ve aga1nst all of a
serfes of forty samples of third tr1mester pregnancy serum. The agent
tested negative against the sera of ten non-pregnant women_1nc1ud1ng
those previously pregnant. Of four cases tested, no”r:actlon was shown
with sera from women tak1ng estrogen related contracept1ves The utility
of claimed tests for the ear]y detectlon of pregnancy was demonstrated
successfu]]y 1n a woman at 18-22 days after concept1on, 22-26 days after
conception and at 28-32 days after conception. At least 10 d1st1n-
guishable precipitation bands developed for the p051t1ve samples. The
fact that the serum from different women demonstrated different numbers
of early precipitation bands demonstrates the superiority of the preg-

- nancy detection agent“anrd method over the prior art. In the prior art

methods, if a pregnant patient had an unusually low level of the single
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detectable antigen, a false negative would result. If an irregular
condition caused a high level of the detectable antigen in the non-
bregnant patient, a false positive would result. The detection of

multiple pregnancy-specific antigens with the claimed agent clearly
reduces the possibility of either false result.

The Fisk method utilizes antibodies to only human chorionic gonado-
tropin (HCG). The pregnancy detecting agent of Fisk is prepared from
purified HCG and there is no suggestion that pregnancy associated
tissues would contain other pregnancy-specific antigens. There is no
motivation from Fisk for one to prepare a pregnancy detecting agent
utilizing antibodies to more than one protein. The Japanese reference L
teaches only that HCG is present in human placenta and is useful as an
antigen for preparing an antibody. There is no suggestion that pla-
cental tissue contains a mixture of pregnancy-specific antigens which
can be used to raise antibodies useful in a pregnancy detecting method.
The German patent teaches that pregnancy-specific proteins can be iso-
lated from placental tissue. It should be noted that the beta-
glycoprotein of the German patent is isolated from other placental
proteins before it_is used to raise antibodies. There is no suggestion

that several pregnancy-specific proteins from placental tissue can be

C

#cted into a host and raise a detection agent capable of detecting
“presence of a plurality of pregnancy-specific proteins in serum or
urine,

The Schuyler reference actually teaches away from applicant's
concept. While Schuyler suggests that a pregnancy detecting agent can
be prepared from antibodies to HCG Schuyler specifically suggests that
highly purified hormones be used to prepare the antiserum, rather than
a mixture of several distinct antigens as shown by applicant. The
Seppala reference describes the human placental lactogenic hormone, HPL,
is present in pregnancy, and that HPL is antigenic. A1l of the data
-concerning the levels of HPL are for periods after the 30th week of

gestation and do not indicate that HPL was present sufficiently early in

gestation to be useful in a pregnancy test.
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The T reference does not appear to deal with pregnancy detection at
all but to the presence of alpha-feto proteins and their possible rela-
tionship to cancer. Chemical abstract 25559 apparently does not concern
the detection of pregnancy but merely the presence of antigens in preg-
nancy serum and fetal serum. It should be noted that the antiserums
against placental tissue in pregnancy serum apparently were raised
against the entire spectrum of serum or placental proteins and that no

attempt was made to separate pregnancy-specific proteins from non-
| specific antigenic proteins prior to injection in the host. As indi-
cated in applicant's disclosure such methodology would produce very low
tighter antiserum and may mask the host's response to the pregnancy-
specific antigens. Again there is no suggestion that such an antiserumr
would be useful for detecting early stages of pregnancy and there is no
discussion as to when the described proteins might have appeared during
the gestation period. Chemical abstract 25702 describes the detection
of beta-glyco proteins in maternal serum. There is no description of
the method of preparing whatever antibodies were used to detect a beta-
glyco protein; certainly no suggestion to use a mixture of antigenic
pregnancy-specific placental proteins to prepare antibodies useful for

detection of pregnancy.

THE_CLAIMS

Claim 11 is directed to a pregnancy detection agent prepared by
applicant's specific process of initially providing a mixture of pla-
cental proteins and separating antigenic pregnancy-specific proteins
from the mixture prior to innoculation of a host animal and isolating
the host produced antibodies to the specific proteins from antibodies to
non-specific human proteins. The deﬁection agent of claim 11 then is
capable of detecting the presence of a variety of pregnancy-specific
antigens in pregnancy serum or urine. Since there is no teaching in

the cited references that a host could produce a sufficient amount of

antibodies to a variety of pregnancy-specffic proteins to be useful in a




pregnancy test then applicant's claimed detection agent which contains
antibodies to a mixture of pregnancy-specific proteins could not be
obvious. The presence of a mixture of antibodies is demonstrated in
applicant's examples by the formation of several precipitation bands in
tests against pregnancy serum. Claim 3 is directed to the agent of claim
1 prepared by the method which further comprises isolating antibodies to
pregnancy-specific proteins from non-antibody host animal serum pro-
teins. This procedure produces an antiserum which would be relatively
more concentrated in the antibodies to pregnancy-specific proteins by
the elimination of other animal proteins.

Claim 7 is directed to the usé of the agent of claim 11 to detect
pregnancy within about two months of supposed conception. It is in the
detection of early pregnancy that the claimed pregnancy test excels. The
use of ihe claimed agent to detect pregnancy within about 2 months of
gestation requires a knowledge that several of the specific antigens
present in early pregnancy are present in placental tissue and can evoke
a combined antibody response sufficient to make the antiserum capable of
detecting a mixture of early expressed antigens. Since this knowledge
was apparently unavailable in the prior art, claim 7 could not be
obyious. Likewise, claim 9, directed to the detection of pregnancy
wiiﬁin about one month of conception is even more unobvious in view of
tﬁ; prior art methods.

Claims 12 and 13 are directed to the agent prepared using par-
ticular methods of immunologically separating pregnancy-specific pro-
teins from a mixture of placental pfoteins. As described earlier,
neither of the prior art methods make a separation but separates a
single bregnancy-specific protein prior to injecting into the host. It
is only the present applicant who recognizes that highly accurate
antiserum can be raised against a mixture of pregnancy-specific proterns
recovered from placental tissues and that such an antiserum is sub-
stantially superior for the early detection of pregnancy to prior ar*

antiserum raised against a single antigen.
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ﬂ;t;JCIaim 14 is directed to the agent of claim 11 prepared from the
m;ifﬁre of specific proteins provided by the precipitation techniques
és:;hown in applicant's disclosure, pages 4-5. As indicated in the
specification at page 13, lines 3-5, some of the unprecipitated proteins
have shown to be pregnancy-specific. Claims 15 and 16 are directed to
the agents prepared by the method of pages 4-5 and Example II.

The superiority of applicant's test methods using applicant's
claimed detection agent is demonstrated by comparing applicant's results
in the detection of very early pregnancy with the results of prior art
immunological pregnancy tests. Some of the references accompanying the
prior art letter, (Lamb, Bell, Dietrich et al., and Horwitz et al)
clearly show the improved accuracy of applicant's invention. According
to the Bell reference prior art pregnancy tests based on HCG range from
2-24% error or inconclusiveness. The greatest percentage of false
positives appears during the period 35-49 days after the last menstrual
period, indicating the reduced accuracy for the detection of early
pregnancy. The Horwitz et al. article more dramatically illustrates the
reduced accuracy during early stages of pregnancy. The particular test
studied is only 32% accurate at 31-40 days from the last normal men-
s;ggg]Aperiod and only 92% accurate in 41-50 Hays from the last normal
‘%ﬂ:%i ual period. The Lamb reference indicates that the tests investi-
g;%éétﬁere based on HCG. The tests described had inaccuracies ranging
from 12-26% for all periods of gestation tésting.

The Dietrich article also demonstrates the accuracy of pregnancy

tests based on HCG. It is stated that in early pregnancy there may not

be enough HCG preéent in a urine sample to neutralize anti-HCG added,
thereby giving false readings. Figure 1 of the Dietrich reference
indicates the level of HCG normally present in pregnant women. It is
apparent that a pregnancy test must be capable of detecting levels less
than about 5,000 IU/L in order to reliably detect pregnancy sooner than
about 50 days after the last menstrual period (which would be about 35
days after conception.) This sensitivity requirement creates compli-

cations when one considers the problem described in the Lamb reference;
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
APPLICANTS: David W. Holladay

SERIAL NO.: 755,100(70) : GROUP 120
FILED: December 28, 1976 : +  EXAMINER

Anna P. Fagelson
FOR: AGENT AND METHOD FOR THE EARLY. S

DETECTION OF PREGNANCY
.DECLARATION UNDER 37 CFR 1. 132
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THAT {f a person of ordinary skill {in the art of {mmunology or
{mmunoanalytical chemistry were given a solution known to contain
antibodies to proteins specific to the serum or urine of pregnant
women, safd person would be able to test & sample of the serum or
urine for the presence of these proteins spec1f1c’ to pregnancy serum ST
or urine by the well-known Oucht;erlony techniqm of douMe diffusion. -
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THAT 1f a person of ordinary skill in the art of conducting
double immunodiffusion analysis were given a solution known to
contain antibodies to proteins specific to the serum or urine of
pregnant women, he would be ablé to detér;r{m the pmpér concen- -
tration or titer of antibody solution to use in a double diffusion
test for the presence of thesa proteins specfﬂc to pngmncy
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
APPLICANT: David W. Holladay

SERIAL NO.: 755,100(70) : GROUP 120 _

FILED: December 28, 1976 : EXAMINER

Anna P. Fagelson
FOR: AGENT AND METHOD FOR THE EARLY

DETECTION OF PREGNANCY
| REQUEST FOR EXTENSION OF TIME

The Commissioner of Patents & Trademarks
Washington, D. C. 20231

Sir:

It 1s respectfully requestéd that the period for response to
the Office Action of September 19,‘1977.’be extended %or an additional
month to January 19, 1978. 1In a telephone interview with the Examiner
on December 5, 1977, applicant's attorney argued that the specification
was not defective under 35 USC 112 for failure to contain a detailed
example of the pregnancy test procedure. It was pointed out that
workers in the field of immunology and biochemiéal analysis are well
acquainted with such tests and could easily determine the proper titer
or concentrations of an antibody solution to use to detect the presence
of antigens in a serum or urine sample. The Examiner indicated that
such an argument would be persuasive if supported by evidence. Accord-
1n§1y, applicant intends to submit expert testimony in the form of a
declaration under 37 CFR 1.132 as to the level of skill in the relevant
art. The additional time is needed for the preparation and execution
of the declaration.
Respectfully submitted,
(A ol (’/%ad(’
. S Attorney for applicant
Oék Ridge, Tennessee

FTS-850-4334 (Commercial AC 615-483-8611, Ext. 34334)
Uzzell:dim




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
APPLICANT: David W. Holladay
SERIAL NO.: 755,100(70)

+ GROUP 120

FILED: December 28, 1976 :  EXAMINER

Anna P. Fagelson
FOR: AGENT AND METHOD FOR THE EARLY

DETECTION OF PREGNANCY
REQUEST FOR EXTENSION OF TIME

The Commissioner of Patents & Trademarks
Washington, D. C. 20231

Sir:

It is respectfully requested that the period for response to
the Office Action of Séptember 19, 1977, be extended %or an additional
month to January 19, 1978. In a telephone interview with the Examiner
on December 5, 1977, applicant's attorney argued that the specification
was not defective under 35 USC 112 for failure to contain a detailed
example of the pregnancy test procedure. It was pointed out that
workers in.the field of immunoldgy and biochemicaf analysis are well
acquainted with such tests and could easily determine the proper titer
or concentrations of an antibody solution to use to detect the presence
of antigens in a serum or urine sample. The Examiner indicated that
sucﬁ‘an argument would be persuasive if supported by evidence. Accord-
fﬁg1y, applicant intends to submit expert testimony in the form of a
declaration under 37 CFR 1.132 as to the level of skill in the relevant
art. The additional time is needed for the preparation and execution

of the declaration.

Respectfully submitted,
Qe V. (el
Attorney for applicant
Oak Ridge, Tennessee

FTS-850-4334 (Commercial AC 615-483-8611, Ext. 34334)
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o . - PAPER NO. _A
5

U.S. DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address . COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D C. 20231

MAILED '

' ‘KPagelson Art Unit 125
2/28/76 755,100 MAILED:
Eaavid W. Holladay ’ :l ~ SEP191g77

° ° . GRIUP 120

James E. Denny

Assis. Gen. Coun. For Pats. .

U.S. Energy Res. & Dev. Admin. THIS IS A COMMUNICATION FROM THE EXAMINER
Washington, D.C. 20545 N CHARGE OF YOUR APPLICATION. \

COMMISSIONER OF
PATENTS AND TRADEMARKS

@mis application has been examined.

(Jresponsive to ¢ ication filed on

[ mis action is made fiaal.

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS ACTION IS SET TO EXPIRE ZZ Y fe tjl MONTH(S) X

- —~ DAYS FROM THE DATE OF THIS LETTER.

FAILURE TO RESPOND WITHIN THE PERIOD FOR RESPONSE WILL CAUSE THE APPLICATION TO BECO;ASE ABANDONED- i
U.5.C. 133

PAXT1 THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. m Notice of References Cited, Form pTO-892. 2. D Notice of informal patent Drawing, PTO~948.
3. D Notice of Informal patent Application, 4.D '
Fofm PTO~152 !

PART Ul SUMMARY OF ACTION
l.a Claims 1“/0 i

Of the above, claims

are pending in the application,

are withdrawn from consideration,

2. D Ctaims have been cancelled.
3. D Claims . are allowed. )
4.@ Claims | —7) are rejected.
i
S.D Claims are objected to. !
. . » |
€. D Claims are subject to restriction or elegtion requirement,
7. D The formal drawings filed on are acceptable,
8. D The drawing correction request filed on has been ﬁ approved.

D disapproved.

9. D Acknowledgement is made of the claim for priority under 35 U.5.C. 119. The certified copy has

D been received. been filed in parent application:
G not been received.

serial no, filed on

—— -

10. D Sinc_e lv?is application appears to be in condition for aliowance except for formal matters, prosecution as to the
merits is closed in accordance with the practice under Ex parte Quayle, 1935 C.p. 11, 453 0G. 213,

1. D Other i
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FoxM P10-1142 O O U.S5. DEPARTMENT OF COMMERCE

(3.75) Patent ond Trademork Qffice

SERIAL GROUP ART Us' T

PART 1) MUMBER 255100 125
NOTIFICATION OF REJECTION(S) AND/OR OBJECTION(S) (35 USC 132)

cLams | neasons ron | meremences INFORMA TION.
ALICCTION . IOENTIFICATION AND COMMENTS
e 12 [t]] (1
1-10 }J35USCi1C2 Terminology deemed to include any and all
35U3C103| A materials that may be employed as an antigen

such as HCG, HPL ete.

T

e 1]
-t

ey, - R method deemed to meet claimed method for
7-16 35USC103 the reasons above set forth. Detection in

’ 5U50103‘ R/ one or two months would be inherent 1in.
3 Rvd - 2 since- HCG is-then detectable as noted by

-V el .. . |No.patentable merit. seen in preparing the
1-10 |35USC1G3 | L/M+A  |antisera to the placental extract of L/M
o o by the means of injecting animals and

" ladsorbting “unwanted antibodies as taught by
-{h5-whieh -is-conventional—in the art.: —- -

\

- yi53 lawe - -~ -~ |No- patentable-merit—is-seen-in prep&riﬂg the
-?. _10 32950!03 AtS i sera of S by the. met.hocLJaf A )
[1-1C PSUSCrr2f === Drsctosm*iusurtrcient to- support“claims.
o (par.1&2) oS e@—5— be kow e

Spedification is objected to as including insufificd@int. -exemplary .
matter to support the claims. There are no srecific examples of test
methods with protocol and rroportions employed. There aprears to be
no-disclosure of-characteristits of the"pregnancy specific proteins?
Source of proteins-includes-numerous-materials. Thus;-impossibie to
determine bounds of the claims. See.cited reference. as_ to.examrles of
materials found in pregnancy, which may be termed "pregnancy specific
proteins?.The disclosure, pg. 16 indicates that the antisera may also
be employed for detecting cancer‘ “thus, 1t aprears’ that the proteins
are- no- more "speufic“ than those«shewn——in the-arv., -- e o

EXAMINGR TEL. NO.
F * Capital latters representing references are identified on A .Fagelson (03 -587 =2577

oecompc\ymg Fom PTO.892,
The symbol *'v' bofvuon lettars represents - in view of o,
The tymbol ‘+'' or "'8&'" between letters represents - ond -, ANNA P, FAGELSON

; - A slash "/** between letters represents the alternotive - or - EXAMINER

NOTE- Sections 100, 101, 102, 103, and 112 of the Patent Statute ART UNIT 125
(Tirle 35 of the United States Code) are reproduced on the

’ s  bock of this shewt.
e =
¢

«

e

I01585|




é ®

-—— ~ < —

N

TO SEPARATE. HOLD TOP AND BOTTOM EDGES, SNAP —APART AND DISCARD CARBON -

i

L e | g [
AR 755100 | =
APPLICANT (5)
NOTICE OF REFERENCES CITED : #a / /a % D u) ii
U.S. PATENT DOCUMENTS 1
. DOCUMENT NO. - oare NAME Lo ] s | ereoman |
A3 171 |1lg|3]| 2s6d Fisk RY| /2
8 - '
C
° }
" |
F |
G
- .
: |
) B
_ FOREIGN PATENT DOCUMENTS
) r . OOCUMENT NO. DATE COUNTRY NAME cLass s sury ',..:'
’ DWG | weC
Wl Q3le|9| Vogez| ) span  [TMROR< vy /o0 | = 3
M1 |s1716] [0 s-//-;73 G(lv’mdl\vﬁ_ Bohn Yy 12 | = 7
N :
- ~
.
Q
a ey
s OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
AR Schuyler, PSEBM, Vol. TS;155D pp S/7~ 533 _
: s Se,y'pd/a;,&ﬁa 7l “p 1970 g0 1Y 3~147
L LA Uriel, CRAcad, Sc  faris, Vol 265 3 Juéq,’,ii(,'zﬁs«r.p, RISL
F u Br‘ocj’. Chem Rbs. ¥ol. 5’3! 19725 AbMNs. 2 SN SG A _ i
%’* 1Y Tafra, ChembBbs, Vur. €3 1575 Ab. Mo, 25702 4= ]
"
o )
: EXAMINER DATE
W&,@/;ow 4’//1 7../77
10715852 '

* 2 copy of this reference Is not being furnished with this ‘office action.
B {See Manual ot Pctent Cxarvinina Pracad re -a-rme JaT Ar 1 o



o @ SN.IsE0(

AGENT AND METHOD FOR THE EARLY DETECTION OF PREGNANCY

Inventor: David W. Holladay .o

BN Mgt B SRS NN v 0

1015853




-
iy
]
.

ABSTRACT OF THE DISCLOSURE

Sl An agent capable of detecting the early stages of pregnancy in

humans is provided by preparing an antiserum to proteins isolated

by
FATRER

from pregnancy-associated material such as placentas. By conventional

techniques of detécting antigen-antibody reactions, the antiserum is
used to detect the presence of pregnancy-specific proteins in women at
" the early stages of pregnancy.

. Background of the Invention

This invention was made in the course of, or under, a contract
10 with the Energy Research and Development Administration. It relates -
in general to pregnancy detection and, more specifically, to an agent
and method for detecting pregnéncy in women during the very early stages.
Pregnancy has been detected as early as 18 days after conception accord-

ing to this invention.

There has long been a need for a simple, reliable test which is
capable of detecting pregnancy within a short time after conception.
”fﬁ Such a test would be of great value for those women with an ancestral
fi history of genetic disorders so that preventive therapy could be initiated
& as soon as possible. Those women working in potentially toxic or radio-
20 active environments or taking potentially harmful medication alsq have a
need for early pregnancy information. More recently, it has become

jmportant for women fitted with intrauterine devices to have them removed

<1y

soon after conception.

In the prior art pregnancy has been detected by a variety of well-

yoTT T

known methods. Most of the prior art methods are unreliable when admini-

stered sooner than sixty days after conception. One method which has been

iy ib

shown effective for early pregnancy detection is described by B.B. Saxena
et al. in the article "Radioreceptor Assay of Human Chorionic Gonadotropin:
Detection of Early Pregnancy" Science, Vol. 8, pp. 793FF. (1974). This

30 method is rather complex and requires the use of radioactive substances,

and, therefore, might be unsuitable for routine clinical use. The present

fnvention involves the use of host-produced antibodies to detect the presence

%
“
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of pregnancy-specific proteins in the sera of women in the early stages
of pregnancy. The occurrence of pregnancy-specific components in sera
from pregnant women was first demonstrated by Thornes and reported in an
article by MacLaren et al. in Am. J. Obstet & Gynecol. 78:939 (1959).
Smithies in Adv. Protein Chem. 14:65(1959) observed the presence

of a pregnancy-associated alpha-globulin. Hirschfeld and Soderberg in
Nature 187:332(1960) found two precipitates on immunoelectrophoresis of
pregnancy sera.- Gall and Halbert, Int. Arch. Allergy Appl. Immunol.
42:503(1972); and Lin et al., Am. J. Obstet, Gynecol. 118:223(1974)

10 observed and characterized four sequential pregnancy-associated plasma
proteins found in the third trimester of pregnancy. Antisera has been
raised against pregnancy plasma and then absorbed exhaustiye]y with non-
pregnancy plasma. Bohn, in Arch. Gynaekol. 210:440(1971), used rabbit
antihuman placenta antiserum absorbed with male serum to detect four
pregnancy-associated plasma proteins. Only one was considered pregnancy-
specific and two could sometimes be detected in sera from non-pregnant
female subjects, especially those taking oral contraceptives. Berne, in
Clin. Chem (Winston Salem, N.C.) 19:657, Abstr. 093, 1973 found pregnancy
zone protein in women six weeks pregnantf The protein was also found in

20 men.%ndﬂnon-pregnant women. While tﬁe prior art was aware of the presence
of ﬁ?btéins'associated with pregnancy, there was no awareness of proteins
whic; Qere specific to pregnancy and which could also be detectable suffici-
ently early in the gestation period to be useful as a pregnancy test.

Summary of the Invention

It is an obje;t of this invention to provide an agent capable of detec-
ting the early stages of pregnancy in humans.
It 1s a further object to provide an agent capable of detecting early
pregnancy by simple and well-known clinical operations.
It §s a further object to provide a method for the detection of preg-
30 nancy which requires no radioactive material or complex procedures.
It is a further object to provide an agent and method for detecting

pregnancy which is effective less than thirty days after conception.

1075855




These and other objects as will be apparent are provided according

to this invention by a pregnancy detection agent comprising an antibody

to a pregnancy-specific protein isolated from non-specific antibodies

and prepared by the method comprising:

a) first providing a mixture of proteins occurring in pregnancy-
associated material and containing an antigenic oregnancy-specific protein;
b) isolating said antigenic pregnancy-specific protein from non-
specific antigenic proteins;

¢) inoculating a host animal with said isolated pregnéncy—specific
antigenic protein to cause said host animal to raise antibodies to said
pregnancy-specific antigenic protein;

d) harvesting serum proteins from said inoculated host animal, said
serum proteins containing antibodies to said pregnancy-spec{fic antigenic
protein, and;

e) isolating said antibodies to said pregnancy-specific antigenic
protein from antibodies to non-specific human proteins.

The preferred pregnancy-assdciated material for obtaining the proteins
is placentas. More concentrated pregnancy-specific antibodies are obtained
by separating pregnancy-specific antibodies from the remaining animal serum
proteins and/or antibodies.

A method of detecting the existence of pfegnancy in humans atlording to
this {nVentibn comprises contacting serum or urine from a patient with an
antibody to a pregnancy-specific protein isolated from non-specific anti-
bodies, and-observing whether an antibody/antigen reaction occurs, the

~ occurrence of said reaction being.indicative of pregnancy. It is possible
that other body fluids such as lymphatic fluid might contain pregnancy-
specific proteins according to this invention, however, urine and serum are
most suitable for routine clinical testing.

Detailed Descrintion

An important aspect of this invention is the discovery that structures
and substances produced during the course of pregnancy in women contain bro-

teins which are also present in detectable quantities in the very early
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stages of pregnancy. Another important aspect is the discovery that at
least some of these pregnancy-associated proteihs are both highly specific
to pregnancy and sufficiently antigenic to raise antibodies in host animals
which can then be isolated and used to detect the presence of the proteins
in pregnant women relatively soon after conception, by standard immunologi-
cal techniques.

For purposes of this invention, the terms specific and non-specific
relate to pregnancy-specific and non-pregnancy-specific. A non-specific
protein s one which is not specific to pregnancy. A pregnancy-specific

10 antibody is an antibody to a pregnancy-specific protein. A non-specific
antibody is an antibody to a non-specific protein. The term "antigenic"
protein refers to a protein capable of producing detectable antibodies in
a host anihal. For purposes of this invention, a non-antigénic protein 1is
one which raises no more than miniscule amounts of antibody which would not
significantly interfere with the detection of pregnancy-specific proteins
by pregnancy-specific antibodigs.

The first step in preparing the pregnancy detection agent of this
invention is to prepare a mixture of proteins occurring in pregnancy-assocti-
ated materials. For purposes of this invention the term "pregnancy-associ-

20 ated material® is defined as tissues or fluids such as placentas, umbilict,
amiotic fluid, fetal tissue, etc. which are produced during preghancy.
Placentas are preferred because of their ready availability. The separation
of proteins from pregnancy-associated material need not be quantitative.

The mixture of proteins can be prepared from the pregnancy-associated matertal
by a number of well-known biochemical techniques for concentrating proteing

from biological tissues or fluids. This protein mixture will contain anti-

genic pregnaﬁcy-specific protein. While it has been found that there are

normally several antigenic preqnancy-specific proteins present in pregnancy-

associated material, only one need be oresent for purposes of this inventiom.
30 For example, pregnancy-associated tissues can be diced and homogenized in @

stabilizing medium to minimize precipitation and agglomeration of proteins.

il il v o 1l A AN

Suitable stabilizing media include pH7 phosphate buffer, or a mild actd such

o il
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as 0.1 M perchloric acid. The homogenized suspension is then separated
such as by centrifugation, filtration, etc. to provide a supernatant ‘

1iquid. Proteins can be separated from the supernatant by adding a pre-

cipitant. Suitable precipitants include ammonium sulfate, sodium sulfate,

or other salting agents as are known in the art. The precipitated proteins
are separated from the ;o‘ution, e.q9., by centrifugation and redissolved in
a buffer solution containing a bacteriostat or bacteriocide; for example,
0.1% sodium azide to prevent growth of unwanted bacteria. Other suitable
reagents include merthiolate, toluene, butanol, chloroform, etc. The pro-
tein solution can then be dialyzed against the same buffer to remove the
traces of the precipitant. Dialysis can be carried out with any of the well-
known dialysis membranes such as viscose dialysis tubing sold by Union Car-
bide Corporation under the trademark VISKING. The protein solution is sep-

arated from precipitated material to provide a relatively pure solution of

. proteins.

The next step in preparing the agent of this invention is to isolate
antigenic pregnancy-specific protein from non-specific antigenic proteins.
Preferably, this isolation should be complete, however, small amounts of
antigenic non-specific proteins can be tolerated with the specific proteins
since subsequent processing is capable of removing non-specific antibodies.
It h;s been found that the removal of most or all of the antigenic non-
specific proteins from the mixture of proteins prior to injection into a

host animal will yield a substantially higher titer antisera in the host.

. When non-specific antigenic proteins are removed prior to inoculation, the

host animal's immune response is directed toward the pregnancy-specific
protein. When non-specific antigenic proteins are not removed prior to
inoculation, the normal human proteins are likely to shield out the response
to the pregnancy-specific proteins. Preliminary tests have shown that when
non-specific antibodies are not at least partially removed prior to injection
into the host, fewer bands of precipitation are observed in the pregnancy
test and only at later times than in the tests with antisera raised against

partially or highly purified pregnancy-specific proteins.
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There are at least two methods by which antigenic pregnancy-specific
proteins can be isolated from non-specific antigenic human proteins. In
one instance, the mixture can be contacted with antibodies raised against
human serum containing no pregnancy-specific proteins, hereinafter termed
anti-normal human serum. Suitable serum can be collected and pooled from a
large sample of males and non-pregnant females and used to raise host-
produced antibodies. The antibodies to this pooled serum will react with
non-specific antigenic proteins in the mixture, and the reaction products
can be separated from the mixture, thereBy providing a mixture of pregnancy-
specific proteins and non-antigenic, non-specific proteins. For purposes
of this invention, such non-antigenic proteins can be regarded as non-
interfering material. Alternatively, the protein mixture obtained from
the pregnancy-associated material can be contacted with antfbodies raised
against pregnancy-specific proteins, whereby only. antigenic pregnancy-
specific proteins react with the antibodies and are recoverable from the
mixture. This method will provide an inoculant more concentrated in
pregnancy-specific protein.

The preferred method of carrying out antibody/antigen reactions for
isolating the pregnancy-specific proteins from antigenic non-specific
prote!ns {s by passing the protein mixture through an fmmunoadsoybent
cnlu-ééprgpared with appropriate antibodies, e.g., anti-normal human serum
or aﬁfi;pregnancy-specific proteins. When the colum is prepared with anti-
normal human serum (which reacts with normal serum proteins), contaminating

normal serum proteins are bound to the colum and thus separated from

. pregnancy-specific proteins. Accordingly, the unbound fraction contains

pregnancy-specific proteins isolated from antigenic non-specific protein.

If the column is prepared with antiserum raised against pregnancy-specific
protein, the normal proteins pass through unbound and the pregnancy-specific
proteins are bound to the column and may be eluted with a suitable eluent
capable of separating antibody/antigen complexes, such as a 2.5 M sodium

thiocyanate solution.
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The next step in preparing the agent of this invention is to inocu-
late a host anima) with the isolated pregnancy-specific antigenic proteins
to cause the host animal to raise antibodies to the pregnancy-specific
proteins. All that is required prior to inoculation is that the pro-
teins be in a solution capable of injection., The solutfon from the immuno-
adsorbent step can be concentrated and directly injected. If the pregnancy-
specific proteins had been isolated by being bound to the column and eluted

' with thiocyanate, the thiocyanate should be removed to return the proteins

to their native structure. This can be accomplished by dialysis against

10 phosphate buffer. Of course, antibodfes could be raised less efficiently
agatnst dilute solutions. Suitable hosts are virtually any warm-blooded
animals such as goats, cattle, horses, rabbits, chickens, etc. Goats are
preferred because they have an extensive and multi-varied hntibody response,
normally superior to other animals. Of course, it can be readily appreci-
ated that the terms "antigenic" and "non-antigenic* refer to the particular
host animals being used since an antigenic protein to one animal may be
non-antigenic to others. No warm-blooded animal has pfbven incapable of
producing antigens to at least one pregnancy-specific protein. As is
customary in the raising of antibodies, conventional adjuvants can be

20 employed to accelerate antibody-production. The injection schedule can
be ¢ ;;tedrto vary for different types of hosts and it is well.within the

skii%ﬁa;‘those acquainted with the manufacture of vaccines, etc. to work
out a suitable injection schedule. The same injection schedule will be
appropriate for producing anti-normal human serum.

The next siep in preparing the agent of this invention is harvesting
serum proteins from‘the inoculated host animal. After an inoculation
schedule (e.g., weekly) of several months, the host animals are bled and
their sera harvested. The serum is separable from whole blood by conven-
tional means such as centrifugation after clotting. The serum contains

30 host serum proteins comprising antibodies to at least one of the pregnancy-

specific proteins.

e
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The next step in preparing the agent of this invention is isolating
antibodies to the pregnancy-specific proteins.from antibodies to non-
specific human proteins. Even if the proteins injectéd into the host
were completely free of antigenic non-specific human proteins, it is
necessary that this isolation be performed to remove traces of antibodies
to non-specific human proteins which were native to the host or which
were raised against marginally non-antigenic human proteins. The pre-
ferred method of carrying out this isolation step is by passingithe host
serum through an immunoadsorbent column prepared with normal human serum

10 proteins. The material which is not adsorbed on the column is thus a
mixture containing an antibody to a bregnancy-specific protein isolated
from non-specific antibodies, and as such is now an agent capable of
detecting the presence of pregnancy-associated proteins 1n.women, in
accordance with this invention. It is preferred that this column be
loaded with serum proteins obtained from a large sample of males and non-
pregnant females, having all of the blood types. Females taking estrogen-
based oral contraceptives should be included in the sample, 1f possible.
The serum, of course, is typically collected as plasma separated from
whole blood and lyophi1ized or freeze-dried for storage. This pooled sera

20 1s a]sc preferred for injection into a host to produce anti- norma1 human

serdl- 8¢ used for carrying out this adsorption of non-specific ant1gen1c
hunigzproteins from the original protein mixture. The anti-normal human
serum can be prepared by any of a numﬁer of well-known- serological methods.
The preferred method is to make balanced antisera which contains sufficient
antibodies to remove all of the non-specific antigenic proteins in a pro-
tein mixture. The brocedure for carrying out immunoadsorbtion chromo-
tography and for preparing a balanced antisera is described in N.G. Anderson
et al., "Cyclic Affinity Chromotography: Principles and Applications,”
Analytical Biochemistry 68, 371-393 (1975), which {is herein incorporated

30 by reference.

It is generally desirable that pregnancy-specific antibodies be further

jsolated from some or all of the animal serum proteins. This can be accom-

plished by passing the animal protein mixture, either before or after

-8- '
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bregnancy-Speciffc'ahtibbdies are isolated from antibodies to non-specific
proteins, through a conventional column containing diethylaminoethyl (DEAE)
cellulose beads. Such beads are capable of adsorbing immunogammaglobulin
from the remainder of the animal's proteins. Diethylaminoethyl cellulose
suitable for this process is commercially available from Whatman Corporation
as cellulose microfiber bundles, 40-300 microns, and as microgranules with
an average equivalent spheres diameter of about 40 microns. Differential
chromotography usin§ DEAE cellulose for separating placental proteins and

antibodies to placental proteins is described in Molecular Anatomy Program,

10 First Semi-Annual Progress Report (1971) ORNL-4733, pp. 384-394, available
from National Technical Information Service, Department of Commerce, Spring-
field, Virginia and which is herein incorporated by reference. Antibodies

. to pregnancy-specific proteins can be further separated, if desired, from
other animal antibodies by passing the antiserum through an immunocadsorbent
column loaded with pregnancy-specific proteins. The pregnancy-specific anti-
bodies are adsorbed thereon and can be eluted withasolution capable of dis-
sociating antigen/antibody complexes. An example of such a solution is a
chaotropic ion solution such as thiocyanate or trichloroacetate solution.
Ammonium and sodium salts are preferred. The preferred antibody eluent is

20 a 2.5 M sodium thiocyanate, 0.1 M sodium phosphate pH 7.0, 0.1% sodium azide
(bacteriostat) solution. Below 1.0 M thiocyanate does not give ‘quantitative
elution. It can be readily seen that this adsorption/elution step is capable
of effecting the isolation of pregnancy-specific antibodies from non-specific
human proteins as well as from animal protein,

The immunoadsorbent coiumns useful for preparing the agent of this {aven-
tion can be prepared by conventional techniques. What is necessary is that
the columﬁ contain the desired antibodies or antigens immobilized so thet
they are reactive with their corresponding antigen or antibody. The immuneo-
adsorbent columns therefore provide both reaction contact between antigen

30 and antibody as well as separation of unreacted components which exit the
column as the unbound fraction. Such immunoadsorbent columns are wel!-tnown

in the art of serology; see, for example, J. Porath et al. Nature vol. 21§
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p. 1491 (1967). For purposes of illustration, the following example is
provided for the preparation of an immunoadso;bent. The method is
suitable for binding any desirable protein to the packing material.
Those skilled in the art can prepare similarly effective immunoadsorbent
columns by a variety of different methods.
Example [
Protein to be bound (either antigen, antibody, or non-antigenic)
is concentrated in aqueous solution to 70 ml and dialyzed against the
coupling buffer to provide a protein solution in coupling buffer. Coupling
10 buffer is the buffer in which the binding reaction ultimately occurs, and
in this case is 0.1 M phosphate, pH 6.5.. Other coupling buffers such as
carbonates can be used. Seventy ml (a like volume as the protein) of
agarose gel beads is washed with at least 20 volumes of O.i M phosphate
N pH 6.5. Suitable agarose beads are available under the trademark Sepharase
and are available from Pharmacia Fine Chemicals, Piscataway, New Jersey.
The agarose gel beads (Sepharose 4B) used in this example contained 4%
agarose and had particle sizes of 40-190 microns in the wet state. The
preparation of Sepharose gels is described by Hjerten in “The Preparation
of Agarose Spheres for Chromotography of Molecules and Particles," Biochim.
20 biophys. Acta 79, pp. 393-398 (1964). The washed agarose is mixed with an
equal volume of coupling buffer in a 400 ml beaker with magnetic 'stirrer,
and in an ice bath to form a slurry. The slurry was titrated to a pH of
11.5 with 6 M NaOH. To the cooled slurry is added 21 g. of cyanogen bromide
(0.3 g/ml Sepharose) and the pH was maintained at 11.5 with NaOH and the
temperature was maintained at about 20°C. tnder these conditions the
cyanogen bromide reacts with the Sepharose to cause activation. The
reaction was allowed to proceed until no more decrease in pH was noted, to
ensure the end of the activation. The activated slurry was washed with
4°C coupling buffer on a coarse Buchner Funnel. This washing must proceed
30 within 2 minutes from the completion of activation to prevent excessive
crosslinking of active sites. The washed CnBr-activated Sepharose 4B was

mixed with the solution of protein to be bound and the mixture was slowly
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tumbled overnight at 4°C. Additional mixing (i.e. over 24 hours) would
normally pfuvide more extensive attachment of proteins. As is customary,
spacers or chemically active ligands may be used if desired. After mixing,
the unbound protein is washed off in coupling buffer (0.1 M 6.5 pH phosphate)
and washing is continued until no background absorbance is detected in the
wash water. After this washing, the loaded Sepharose is tumbled in IM
ethanolanine oH 10 for 2 hours to load any remaining sites on the resin.

The ethanolamine is washed off Qith water or pH 7 phosphate buffer and the
loaded Sepharose is washed alternately with 0.10 M sodium acetate pH 4,

10 0.1% sodium azide to prevent bacterial growth, 1.0 M sodium chloride, 0.1 M
sodium borate pH 8.5, 0.1% sodium azide and 1.0 M sodium chloride. An
additional wash with 0.1 M glycine NaOH (pH 11.0) can also be included.
These vashes serve to remove materials which are not cova1e6t1y bound to
the support material. The protein-loaded Sepharose is finally washed with
2.0 M sodium thiocyanate, 0.06 M sodium phosphate pH 7.0 and 0.1% sodium
azide, followed by 0.1 M sodium phosphate pH 7.0 and 0.1% sodium azide until
background absorbance is obtained. The protein is now firmly bound to the
Sepharose to provide an immunoadsorbent particle ready for use as colum
packing.

20 The pregnancy detection method of this invention comprises contacting

_serum.from the patient with antibodies to pregnancy-specific proté&ns iso-
lated from non-specific antibodies. Since the existence of the antigenic
pregnancy-specific proteins has herein been demonstrated, the source of the
protein is not an essential feature of the pregnancy test. The desired anti-
bodies can be prepared by the methods disclosed herein, or it is conceiveable
that at least one of the pregnancy-snecific proteins can be identified and
synthesized, thereby avoiding the necessity of separating the pregnancy-
specific protein from antigenic non-specific human proteins. The synthetic
protein could then be used directly to raise antibodies useful for detecting

30 pregnancy.

A1l that is necessary for this pregnancy detection method is that serum
from a patient be contacted with an antibody raised against a pregnancy-

specific protein and the results observed to detect signs of antibody/ant'jen

1015806k
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reaction. The occurrence of the reaction, of course, indicates pregnancy.
It can be readily appreciated that any of the several methods for detecting
antigen/antibody reaction is suitable for detecting pregnancy according to
my method. Examples of such methods are gel precipitation, gel electro-
pherograms, immunoelectrophoresis, crossimmunoelectrophoresis, and immuno-
diffusion.

The primary utility of the pregnancy detection method of this inven-
tion is for detecting pregnancy within about 2 months of conception. After
2 months, pregnancy is reliably detectable by well-known external symptoms.
The method of this invention is particularly useful for detecting pregnancy
within one month of conception, when other tests are inconclusive. It is
likely that it will prove effective within one week of conception.

In order to demonstrate a preferred method for preparing the pregnancy
detection agent of this invention and the operability of the agent for
detecting pregnancy, a detailed example is presented. It will be apparent
that substantial variation from the procedures described therein can be
made without departing from the spirit and scope of the invention. For
example, it will be apparent to those skilled in the art that plasma can
be substituted for serum in many instances and can be considered equivalent

for purposes of this invention.

(3}

Example 11

Preparation of crude placental extract. Term placentas were obtained

at delivery and chilled in 0.85% sodium chloride solution for preservation.
The placentas were washed for 1 hr. in tap water to remove a maximum of
blood elements and serum proteins. While the mother's or infant's serum
would likely contain traces of pregnancy-specific proteins, the placenta
contains substantially more of those proteins. Fat was cut away since it
is superfluous and non-antigenic, and the placentas were cut into nieces
about 1 cm on a side and frozen. Subsequently, the frozen material was
homogenized in three volumes of 0.1 ! pH 7 phosphate buffer. The homo-
genate was centrifuged at 17,000 x g (acceleration of qgravity) for 10 min.
in an angle-head centrifuge, the supernatant was cellected, and the pellet

was rehomogenized in two volumes of the same buffer, and a second
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centrifugation at 17,000 x g for 10 min. was done. The proteins of interest
were precipitated from the pooled sunernatants by adding solid ammonium
sulfate to 55% saturation and separated by centrifugation. Some of the
unprecipitated proteins have since been showm to be pfegnancy-specific
and can be recovered, if desired. Following centrifugation, the material
was dissolved in a minimal amount of 0.1 M pH 7 phosphate buffer containing
0.1% sodium azide, and the solution was dialyzed against this same buffer,
using viscose dialysis tubing such as is sold by Union Carbide Corporation.
Any material that precipitated was removed by centrifugation. The precipi-
tate was mostly large macromolecules representing the connective tissue of
the placenta. Any serum proteins left in the solution were removed by
cycling it over an immunoadsorbent column loaded with anti-normal human
serum. The cycling was carried out automatically by an apparatus as dis-
closed in Anderson et al., Analytical Biochemistry 66, 159-174 (1975).
During cycling, the normal serum antigenic proteins were eluted after each
loading with ammonium or potassium thiocyanate and the columa vas re-
equilibrated with phosnhate buffer prior to the loading of the next samnle.
The unbound fraction emerging from this treatment was still a complex
mixture, containing at lTeast 20 different proteins, as judged by gel electro-
phoresis. The solution could not be concentrated beyond 20 AZBO units per
m] without undesired precipitation occurring on storage, especialﬁ} on
freezing and thawing. An A280 unit is the quantity of protein per ml of
water or buffer giving an absorbance of 1 at 280 mm in a cell with a 1ight
path of 1 cm. Apparently, the bulk of the material that precinitated was
placental tissue proteins, m&stly acid in nature. If desired, this material
could be separated into several subfractions by chromatography over diethyl-
aminoethyl cellulose. Though not essential to the operability of the pro-
cess, some separations of placental tissue proteins that appear in the serum
from those that do not could be effected to orovide a more concentrated agent.
Only 10 to 15 of the proteins in the mixture have proved to be sufficiently
antigenic to result in detectable antibody production to them. It is likely

possible to modify the extraction procedure (for examole, mild acid extraction
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of diced placenta, e.g., with 0.1 |1 perchloric acid, without homogenization)
in order to minimize the extraction of proteins that do not appear in tha

plasma; however, this is unnecessary for the operability of the detection
method.

N

The placental extracts, minus non-specific serum proteins but still
containing the relatively non-antigenic tissue proteins mentioned, were
concentrated to about 15 A280 units per ml for injection purpases. An
estimate of the antigen content was 0.1 to 1 mg/ml, based on intensity of
reaction ‘in immunodiffusion. The extract was mixed with equal volume of

10 Freund's complete adjuvant, and the preparation was injected subcutaneously
into goats and rabbits, either in the hips or behind the neck (4 ml for
goats, 1 ml for rabbits). Freund's complete adjuvant is commercially avail-
able from Difco Laboratories and contains sterile 1light mineral oil plus
emulsifier and heat killed Mycobacterium butyricum (0.5 mg dry weight per ml).

Intravenous injection should normally be avoided due to the increased
Tikelihood of anaphylactic shock and sudden death of the host. Thereafter,
the same amounts of extract without adjuvant vere injected subcutaneously
at weekly intervals. Every fourth keek, injection was done with antigen
plus adjuvant. First bleeding was at 5 weeks (40 ml for rabbits and 150

20 ml for goats) and was biweekly thereafter to test for antibody production.
High-t!ter antiserum was obtained, usually in about 7 to 8 months.’ The
antiserum was absorbed on a conventional immunoadsorbent column loaded with
tyophilized, pooled serum obtained from normal human males (100 mg/ml of
antiserum) to remove non-specific antibodies. The unbound fraction con-

vtaineﬂ p:gsaS;éy'spgcific‘antibodjes and normal animal protein, isolated
from antibodies to nontspecific human protein. If desired, i.e., for
cormercial preparation, the bulk of the animal protein can be removed by
DEAE cellulose chromatography, in which the unbound fraction can be passed
through a DEAE cellulose column vwhereby the antibodies load the column and

30 the bulk animal protein passes through.

Gel precipitation was used to test the antiserum-to-placental-antigens

for the presence of antigens that appeared in the sera of pregnant women.
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The antiserum was first tested against sera from women in the third trimester
of pregnancy. Tests against the sera from three different women in their
first pregnancy, three women in their sacond pregnancy, and three women in
their third pregnancy showed positive reactions within 5 hours with 2 to 4
bands clearly visible after 40 hours. The control for all three plates was

from a 28 year-old woman who had one successful pregnancy 5 years previously,

- and who since that time had been taking an estrogen-based birth control nill.

10

20

30

No reaction was noted at any time with‘the control.

The antiserum gave negative tests against a succession of batches of
pooled normal human male sera. It was positive against all of a series of 40
samples of third-trimester pregnancy sera. It was negative against the sera
of ten non-pregnant women, including those previously pregnant. Of four
cases tested, no reaction has been shown with sera from women taking estrogen-
related contraceptives. In order to demonstrate the detection of pregnancy
early enough to be valuable for a pregnancy test, several runs were made on
sera from women who suspected pregnancy. A serum sample was obtained from
a 29 year-old woman 6 days after she had failed to begin her menstrual period.
A good estimate of the time duration since conception was 18 to 22 days. A
serum sample was obtained from a 25 year-old woman 10 days after she had
failed to begin her menstrual period, giving a time duration of 22 to 26 days
since conception. The samples were tested by double diffusion ag;%nst anti-
serum to placental antigens. Placental extract and serum from a woman in the
third trimester of her third pregnancywere used as reference.

After 16 hours one sharpvband and one faint band of precipitation were
observed in both samples, and the two bands merged or showed identity with
bands from both se:thaxal extract and the third-trimester pregnancy serum
sample. For both samples, a precipitin band could be observed as early as
1 hour after the start of immunodiffusion. Three precipitin b%nds viere
observed for the second sample within 24 hours after loading. Improved
jmmunodiffusion techniques would likely permit a decision on pregnancy on

the same day the blood sample is withdrawn.

«]15-
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Another early pregnancy serum sample, taken at 23 to 32 days after
conception, was tested aqainst the antiserum and gave two precipitin
bands within 16 hours. Pregnancy was confirmed at 8 weeks of gestation
by routine examination for all three of the women. Tﬁe human placental
antigen preparation gave at least ten distinguishable precipitin bands
with the antiserum. The precipitin bands that are the stronaest for
very early pregnancy samples show identity with the weakest bands from
samples from third-trimester preqnanciés. This indicates that the anti-
gens involved reach a concentration peak early in pregnancy, and then
slowly decrease during gestation. It is possible that some early appearing
antigens may not be detectable in the second and third trimester.

While the particular pregnancy-specific antigenic proteins utilized
for this invention have not yet been characterized, their identification is
not essential to manufacturing the agent of this invention or to performing
the pregnancy test of this invention.

Recent advances in cancer research have intimated that certain proteins
preseﬁt in pregnancy-associated materi;l such as nlacentas, are re-expressed
in the early stages of cancer. This is consistent to the idea that the
formation of the fetus is physiologically similar to the formation of tumor
cells in cancer patients. For a description of the observed relationship
between fetal and placental proteins see, for example, Ruoslahti }Q al.,
Int. J. Cancer: 7 218-225 (1971), Thompson et al., Medical Sciences 64
164-6 (1969), Gold, Preg. Exp. Tumor Res. 14: 43-58, and Am. Assn. Cancer
Res. Abstracts 490, 568, 584, 842.(1974). Accordingly, a oossible ut{lity
for the pregnancy detection agent of this invention is the early detection

of at least some forms of cancer.
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What is claimed fis:
1 1. A pregpancy detection agent comprising antibodies to a preanancy-

specific protein\isolated Arom non-specific antibodies and prepared by the

a) first proyiding a mixture of proteins occurring in pregnancy-

3

4

5 associated material /and containing an antigenic pregnancy-specific protein;

6 b) isolating Aaid antigenic-pregnancy-specific protein from non-specific
7 antigenic proteips;
8 ¢) fnnocyfatingla host animal with said isolated pregnancy-specific
9 antigenic prgtein to\cause said host animal to raise antibodies to said

10 pregnancy-specific antigenic protein;

n d) igblating antifodies to said pregnancy-specific proteins from anti-

12 bodies t# non-specific Auman proteins.

0,9”)1\ 2. The a¥en¥ of claim 1 in which said proteins occurring in pregnancy-
2

Q’1\ associated matgnial are recovered from placentas.

0’“0.\ a.
2 prising contacting se

pregnancy-specific Zrotkin isolated from non-specific antibodies, and

or urine from a patient with an antibody to a

3
4  observing whethef an ant\body/antigen reaction occurs, the occurrence of
5

said reactionfeing indicative of pregnancy.

C,JANL 5. The me f claim 4 wherein said serum or urine is withdrawn

\f’?& 2 from said pati \thin about two months of conception.

hod of claim 4 wherein said serum or urine is withdrawn
from said ent within about one month of conception.

A method of dgtecting the existence of pregnancy in humans com-




Q’IF 2 said patient about two months of conception.

o

v 9.
%tient W

M‘k 8. The %of claim 7 wherein said serum is withdrawn from
7thi

1]

The me of claim 7 wherein said serum is withdrawn from said

{thipf abdut one month of concention.
Th

e hod of claim 7 wherein said proteins occurring in

10.
{IF 2 pregnancy-3fsbciated material are recovered from placentas.
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FORAM ERDA-444 U.S. ENERGY RESEARCH AND ATTORNEY'S DOCKET NUMBER
?’-7‘:52;3 OEVELOPMENT ADMINISTRATION it any)
INVENTOR FORM DECLARATION AND
SOLE POWER OF ATTORNEY FONA CASE S.47 244

As the below named inventor, [ declare that the information in item 20) below is true,
that I believe that | am the original, first and sole inventor of the invention described and claimed in

Cx the attached application (declaration accompanying the specification), or

O my patent application Seria} Number , filed (supplemental
declaration - not accompanying the specification),

as titled in item 301, below,

that as to the subject matter of this application which is common to my earlier copending application(s) filed in the United States
of America (i.e. common subject matter), if any, described in item 105 below, I do not know and do not believe, that said common
subject mafter was ever known or used in the United States of America before my invention thereof, or that said common subject
matter was ever patented or described in any printed publication in any country either before my invention thereof or more than one
year prior to the filing date(s) of such earlier copending application(s), or that said common subject matter was ever in public use or
on sale in the United States of America more than one year prior to the filing date(s) of such earlier copending application(s), that said
common subject matter has not been patented or made the subject of an inventor’s certificate issued before the filing date(s) of such
earlier copending application(s) in any country foreign to the United States of America on an application filed by me or my legal
representatives or assigns more than twelve months prior to the filing date(s) of such earlier application(s), and that no application for
a patent or an inventor’s certificate on such common subject matter has been filed by me or my legal representatives or assigns in any
country foreign to the United States of America, except as those identified in item 601603 below, if any;

that as to any subject matter of this application which is not common to my said earlier copending application(s) (i.e. noncommon
subject matter) described in item 105 below, 1 do not know and do not believe, that the noncommon subject matter was ever known
or used in the United States of America before my invention thereof, or that the non-common subject matter was ever patented or
described in any printed publication in any country either before my invention thereof or more than one year prior to the filing date
of this application, or that the noncommon subject matter was ever in public use or on sale in the United States of America more than
one year prior to the filing date of this application, that said non-common subject matter has not been patented or made the subject of
an inventor’s certificate issued before the filing date of this application in any country foreign to the United States of America on an
application filed by me or my legal representative or assigns more than twelve months prior to the filing date of this application, and
that no application for a patent or an inventor’s certificate on said non<ommon subject matter has been filed by me or my legal
representatives or assigns in any country foreign to the United States of America. It is further declared that no foreign filing has been
made which is contrary to 35 U.S.C. 184,

FULL NAME OF APPLICANT fIncluding at least ane unabbreviated First or Middle Name}:

2 LAST FIRST MIDOLE
Holladay David |
RESIDENCE:
o cTy STATE (OR FOREIGN COUNTRY) COUNTRY OF CITIZENSHIP
Knoxville Tennessee u.S.a
POST OFFICE ADDRESS:
STREET ADDRESS CiTy STATE [OR FOREIGN COUNTRY) ZIP CODE
1 Rt. 15, Roland Lane Knoxville | _Tennessee 37921
This spplication is a D CONTINUATION D CONTINUATION—IN-PART D DIVISION APPLICATION of my sarliar tiled
106 us. jon Sarial Numb Filed . Specitic raterence'to my related eariiar filed U.S.
application(s) is made on page of the specification for the purpose of receiving benafit of sarlier tiling data{s} 35 USC 120.
TITLE OF INVENTION:
301
Foreign applications direcwd w COMMON SUBJECT MATTER if sny, filed prior 10 the fliing date of this spplication,
COUNTRY APPLICATION NO. PATENT NO. (if any) DATE OF FILING (day.month.yr}
801
002
603
Foreign applications continued on page attached hereto DVES DNO
EEAN“OECORRESPONDENCE TO: ?mECT dTELEPHONE CALLS TO:
name and telephone No.
Mr. James E. Denny o
500 ﬁ Ient‘ant General f&wﬂ r Paten
3. gy Rnurcpand opmen Admnmstn%lson
Washington, D.C. 20545
POWER OF ATTORNEY: As the named inventor, | hereby appoint the following attorney(s) and/or agent(s) to prosecuts this appiication and
transact all business in the Patent and Trademark Offics connected therewith.
[/ NAME REGISTRATION NUMBER TELEPHONE NUMBERS
o
Allen H. Uzzell 27,603 15-483-8611, ext.
D. S. Zachry 16,234 k Kk
James €. Denny 18,863
John A. Horan 16,077
Dean E. Carlson 18,537 3-5093

1 further declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the
tike so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such |
willful false statements may jeopardize the validity of the application or any patent issuing thereon.

SIGNATURE OF APPLICANT DATE OF SIGNATURE

20 /s/ David W. Holladay Dec. 16, 1976
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PATENT ASSIGNMENT FORM

FORM ERDA-=LS
(1 -791

WHEREAS, |, __lavid M. Holladay acitizenof the United States residing
in ___Knoxy{lle , County of Knox

State of ___Yennessee . have invented certain new and useful improvements in

AGENT AND METHOD FOR THE EARLY

Y , for which 1 am about to
file an application for United States Letters Patent identified as .EBDAM__—_ ;
*m and executed by me on _ Dec. 16, 1926 , 1976; and

WHEREAS, the Government of the United States desires to acquire the entire right, title, and interest
in and to the said invention and in and to any Letters Patent wherever they may be issued thereon:

NOW. THEREFORE, to all whom it may coacern, be it known that for and in consideration of the
sum of One Dollar to me in hand paid by the Government of the United States, and for vther good and
waluable consideration, the receipt of which is hereby acknowledged, I by these presents do sell, assign, and
transfer unto the said Government of the United States, as represented by the United States Energy
Research and Development Administration, and/for its assigns, the entire right, title, and interest in and to
the said invention and in and to any and all Letters Patent wherever they may be granted thereon as well as
reissues and extensions of said Letters Patent, the same to be held and enjoyed by the said Government of
the United States to the full end of the term or terms for which Letters Patent are or may be granted,
reissued, or extended, as fully and entirely as the same would have been held or enjoyed by me had this
assignment not been made. )

I agree to make, execute, and deliver unto the Government of the United States, or to the United
Stares Energy Research and Development Administration, any and all papers, documents, affidavits,
renewal, divisional and reissue applications, siatements, or other instruments in such usual or other forms,
terms, and contents as may be required by the United States Energy Research and Development
Administration, or its duly authorized representative, in or incident to the prosecution or conduct of any
and ail applications, before as well as after the issuance of any Letters Patent thereon, or in the adjustment
or settlement of any interferences or other actions or proceedings that said applications may encounter or
in which they may become involved, and | agree that I will aid the Government of the United States in
every way in protecting the invention as may be requested by the United States Energy Research and
Development Administration or its assigns, except that any expenses arising through extending such
assistance will be paid for by pmper arrangement with the Government of the United States.

WITNESS: INVENTOR: ‘
........... I8/ M.D..Cllae . s/ David W. Holladay. . (Sean)
Date .. Dacamber 16, 1976 ..

Approved and consented to this ... 2Ith . dayof .. Decamber 19126 .
ATrEST: UNION CARBIDE CORPORATION
(SEAL) By ./8/.P. R, Vansteum __dew..... ... ..

Its Nica~President. ... .. . . ... .. .

Accepted for the Benefit of the Government of the United States.

UNITED STATES ENERGY RESEARCH AND
DEVELOPMENT ADMINISTRATION,

WITNESS : By
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AGENT AND METHOD FOR THE EARLY DETECTION OF PREGNANCY

Inventor: David W. Holladay, Rt. 15, Roland Lane, Knoxville, Tennessee 37921

INSTRUCTIONS FOR DRAFT PATENT APPLICATION

Please provide the requested information, if possible. If a statement
is incorrect, please replace it with a correct statement. I have tried to
describe the invention as broadly as possible in order to obtain the
broadest patent coverage. I apologize for the extent of the questions,
but it is necessary that everything be explained as completely as possible
to prevent the invention from being limited to the particular reagents or
process steps used. Feel free to make any changes, deletions, etc. which

you deem advisable. Also, please point out any additional surprising or

unpredictable results which were observed.

ABSTRACT OF THE DISCLOSURE

An agent capable of detecting the early stages of pregnancy in humans
is provided by preparing an antiserum to proteins isolated from pregnancy
associated material such as placentas. By conventional techniques of
detecting antigen-antibody reactions, the antiserum is dFd to detect the
presence of pregnancy specific proteins in women at the early stages of
pregnancy.

Background of the Invention

This invention was made in the course of, or under, a contract with
the Energy Research and Development Administration. It relates in genera!
to pregnancy detection and, more specifically, to an agent and method for
detecting pregnancy in women during the very early stages. Pregnancy has

been detected as early as 18 days after conception according to this invear on

1075814



There has long been a need for a simple, reliable test which is capable
of detecting pregnancy within a short time after conception. For example,
such a test would be of great value for those women with an ancestral
history of genetic disorders so that preventive therapy could be initiated
as soon as possible. Those women working in potentially toxic or radio-
active environments or taking potentially harmful medication also have a
need for early pregnancy information.

In the prior art pregnancy has been detected by a variety of well-known
methods. Most of the prior art methods are unreliable when administered
sooner than sixty days after conception. One method which has been shown
effective for early pregnancy detection is described by B.B. Saxena et al.
in the article "Radioreceptor Assay of Human Chorionic Gonadotropin: Detection
of Early Pregnancy" Science, Vol. 8 pp. 793FF. (1974). This method is rather
complex and requires the use of radioactive substances, and, therefore, might
be unsuitable for routine clinical use. The present invention involves the
use ofihost-produced'éntibodies to detect the presence of pregnancy-specific
proteins in the sera of women in the early stages of pregﬁancy. The occurrence
of pregnancy-specific components in sera from pregnant women was first
demonstrated by Thornes and reported in an article by Maclaren et al. in
Am. J. Obstet & Gynacol. 78:939(1959). Smithies in Adv. Protein Chem. 14
65,(1959) observed the presence of a pregnancy-associated alpha-globulin.
Hirschfeld and Soderberg in Nature 187:332(1960) found two precipitates
on immunoelectrophoresis of pregnancy sera. Gall and Halbert, Int. Arch.

Allergy Appl. Immunol. 42:503(1972); and Lin et al., Am. J. Obstet. Gynecol.

118:223(1974) observed and characterized four sequential pregnancy-associated

10715819 -2
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plasma proteins found in the third trimester of pregnancy. Antisera had
been raised against pregnancy plasma and then absorbed exhaustively with non-
pregnancy plasma. Bohn in Arch. Gynaekol. 210:440(1971) used rabbit
antihuman placenta antiserum absorbed with male serum to detect four
pregnancy-associated plasme proteins. Only one was considered pregnancy
specific and two could sometimes be detected in sera from non-pregnant
female subjects, especially those taking oral contraceptives. Berne, in
Clin. Chem {(Winston Salem, N.C.) 19:657, Abstr. 093, 1973 found pregnancy
zone protein in women six weeks pregnant. The protein was also found in men
and non-pregnant women. While the prior art was aware of the presence of
proteins associated with pregnancy, there was no awareness of proteins which
were specific to pregnancy and which could also be detectable sufficiently
early in the gestation period to be useful as a pregnancy test.

Summary of the Invention

It 1s an object of this invention to provide an agent capable of detecting
the early stages of pregnancy in humans.

It is a further object to provide an agent capable of detecting early
pregnancy by simple and well-known clinical operations.

It is a further object to provide a method for the detection of pregnancy
which requires no radioactive material or complex procedures.

It is a further object to provide an agent and method for detecting
pregnancy which is effective less than thirty days after conception.

These and other objects as will be apparent are provided according to
this invention by a pregnancy detection agent comprising an antibody to a
pregnancy-specific protein isolated from non-specific antibodies and prepared

by the method comprising:
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a) contacting a first mixture of proteins occurring ih pregnancy-
associated material with antibodies raised against human serum containing
no antigenic pregnancy-specific proteins;

.b) separating non-specific antigenic human proteins from said first
mixture to provide a second mixture containing pregnancy specific proteins

isolated from non-specific antigenic proteins;

s

e

¢} innoculating a host animal with said pregnancy-specific proteins
to cause said host animal to raise antibodies to at least one of said preg-
nancy specific proteins;

d) harvesting serum proteins from said host animal, said serum proteins
containing antibodies to at least one of said pregnancy specific proteins;

e) contacting serum proteins from said host animal with non-specific
human serum proteins to effect the separation of non-specific antibodies
to human proteins from antibodies to pregnancy specific proteins to provide
a mixtgfe containing an antibody to a pregnancy specific protein isolated
from noﬁ~spec1fic antibodies.

A method of detecting the existence of pregnancy in humans according to

vevy: .
”)af? A// Lip 1 € A’-‘7

this invention comprises contacting serum q{ (

» T RPN 4 ‘( & : aT
1hs f"{ M7 been bommimac from a age!:t with an antibody to

" a pregnancy specific protein isolated from non-specific antibodies, and
observing whether an antibody/antigen reaction occurs, the occurrence of said

reaction being indicative of pregnancy.

UTher Ruios Ar Laer Spates  0F  Pecwhvey
(A‘Mulu'ﬁl( 74/)« (%n-»/t/‘() L'-qu,/c(' (e, 7«.,_,‘“/7 Feee

Bur PﬁEGU""’(Y L)w[g- Be Opviewsr . Fv Summarror,
BesT TE-J"T/ 'Fu/;; tve SEpum COU(I/-"M(/) * Uriwr, Uy low Frrmep




Detailed Description

An important aspect of this invention is the discovery that structures and
substances produced during the course of pregnancy in women contain proteins
which are also present in detectable quantities in the very early stages of
pregnancy. Another important aspect is the discovery that at least some of
these pregnancy-associated proteins are both highly specific to pregnancy
and sufficiently antigenic to raise antibodies in host animals which. can
then be isolated and used to defect the presence of the proteins in pregnant
women relatively soon after conception. [Question: Could it be predicted
with certainty that antibodies raised against proteins would be specific

to those proteins? Please explain.] Ove oF -+ Sﬁlt;ﬂ Cﬂ‘lﬁ?fﬂ.ﬁ(}
0*(— 1“£~€ p—y re-t/‘)tﬂ:e t-} '7(1 un‘.’-“t ;Pt(‘.‘#(r;\/ ¢-7t f;(q
MWCKKP between  an 0‘\1"(504\ moleanle ondd -r—fe p.,d,'bﬂif whicd
.r(.e LJY e frer ures Tv L;m? s‘rﬂ:#u-l/y wih et ,-.,,-,,‘5.% ) re
ofzel" /Jn./uey/ 5c.ne7-;nu nreins  cen be ;50"‘?'19 L«'A'I‘C/) I/‘m,)// ;4' e

Wﬂ-#’ﬂﬁ vhe m*“w/‘y‘«—'—/ syITEm Su b ey i Tt
&/fcl.r TiG f".chrt;n A amribodies. There ire -"Nf'c/ l€rdns #»

.rf;f A/ur{ ﬁ EII'CI'T mﬂ'bv-q,/ 7’&%‘1'7{‘&»’ I} 7’7£ P/'s'l'f'li /"‘7 Af SCear S
Lt;ls “',’Aed He T onrwed % preveia yroo ek alibe To mide t—o.'//é«}', 2/
.’1‘ P‘R"" "‘7‘6' /Ana.fgp L/&'\.j ’/fe .Cej.-«eo‘ﬂ‘ H//C/ 74;»\ f%ﬁ Mh‘_j '101: ¢
Lorerminst ,3) The prirein il be o Such fou foels THeT we cmribicty
— M“/;/ bLe ﬂj/( TR /W v 047‘&7 [)7’ 57»,./24— }nmum,-/ua—,‘c(,/ TFC/‘!"j.fJ
For’ purposes of this invention, the terms specific and non-specific
relate to pregnancy specific and non-pregnancy specific. A non-specific
protein is one which is not specific to pregnancy. A non-specific antibody
is an antibody to a non-specific protein. The term "antigenic" protein
refers to a protein capable of producing detectable antibodies in a host
animal. For purposes of this invention, a rion-antigenic protein is one
which raises no more than miniscule amounts of antibody which would not

significantly interfere with the detection of pregnancy specific proteins

by pregnancy specific antibodies.
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The first step in preparing the pregnancy detection agent of this
invention is to prepare a mixture of proteins occurring in pregnancy associ-

ated materials such as placentas, umbilici, amniotic fluid, fetal tissue,

(others?) None /]’N{WGJ/ ,etc.
Placentas are preferred because of their ready availability. The mixture of
proteins can be prepared from the pregnancy-associated material by a number

of well-known biochemical techniques for concentrating proteins from bio-
logical tissues or fluids. For purposes of this invention; the separation

of proteins from pregnancy associated material need not be quantitative. For
example, pregnancy assoicated tissues can be diced and homogenized in phosphate

buffer.(Why phosphate buffer? What else would serve? /,')l"")"cff Av%

& /nw,, Srvér//j/*j Mct//q 74»—- buJ/ #,,/ ,I..I'P—/nj} pf,/nj a

pey/ bfmgn Pﬁl T n-rn,m}e PV“’}’IMM 1.55/«-'»:—77». ere - /1"
/\,,ra!/ /n -r{e .vrnl—/ poriche ) 17 wis beliived 7RG mod c'd soih

¢

Ot M p-t'J/cnK ¥ Lnfd afoo be 71':":// )

c<lef )

The homogenized suspension is then separated such as by centrifugation,

fi'ltrat{on, etc. to provide a supernatant 1iquid. Proteins can be separated

from the supernatant by adding a precipitant such as ammonium sulfate.{What

Trs wes ch[ & :-ﬁ«/rm/ a»eﬂ well #I-Jj serkid ﬂ:‘/
else would work?) N
T r {4
m_%\-ﬁ(‘ﬂ» .s‘a./nq T TE qes Wwere tried T cm sey orhe -rrldx

daa il Spll""‘i fyord? Wotfe }f Swtcrff;é/‘y,fiqrjtu_'/,q 1/““. "““J
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he precipitated proteins are separated from the solution e.g., by centrifugation
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nd redissolved in a buffer solution containing, for example, 0.1% sodium

H,weq/ azide (Why? What else would work?) This 15 pen hSHd  Ju Preced
~ 7
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The protein solution can then be dialyzed against the same buffer (Why?)Hsw
DicJLq.: P s Xf‘lr‘r“t Y Fesuve gy FRideS (‘7[' (€ divtmeijum
_fu/vé-ft ru:vu‘j Tv  poes "/’I-Tt-f( 77?— our)j.;..{:c freTeing raescact 7 7"‘((
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and separated from precipitated material to provide a relatively pure solution

of proteins.

The next step in preparing the agent of this invention is to contact the
proteins mixture isolated from pregnancy associated structures with antibodies
raised against human serum containing no antigenic pregnancy-specific proteins

{(normal human serum). [Is this step necessary in view of the adsorbtion of

Guiiserim
goat sepe on normal human serum after 'raisring antibodies?] Plasse urlw./
Stubies Were sude horh wirk bv wirdes YA Srep bm 7
[(/7/1&732:) ‘f‘l‘:i 7‘!:{#"‘17’ Ab!h'?ﬁvﬁ Tv F € ¢ Cvnﬁwblnﬁ'lr)' ,".’,M/
- oy .« Y x
AUM f..v-re,n;};h‘T Z?Ctu}éf %ﬂ’ Frcjnbv\(// Y/dﬂé{b a A,y/&r Trre
;m-re;w—a :;1 ‘f‘{( /\V:‘I' Ml“"l-’/' Y'-“l s€€, 1'71 /vu Go  FeCwmere LN
FPL'TEI.A;/JuCA7 as n;-,m;./ f’zv‘h;q/ YT wﬂc{ )“/F Scc»? u: // nuq(('
@ 7.“‘(/ wa Ex’ﬂnr:ye An‘n'z{w(/ res,?m.rt‘/ yc.'« )‘; e‘?// Glt/{'p(’t
. . ' 7
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This can be easily accomplished, for example, by cycling the isolated proteins

over an immunoadsorbent column loaded with antibadies raised against normal
e —

human serum (anti-normal human serum). [How would such an immunoabsorbent
i r
Jee AvtacdmenT ||
column be prepared? Please provide a procedure for loading a column material

with anti-normal human serum. In addition is there any other way of separating

-

ﬁr‘egnancy specific proteins from normal human proteins? Please explain.]
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After contacting the isolated proteins with anti-normal human
serum, the raffinate solution frcm the column (the unbound fraction)
contains pregnancy specific proteins and non-pregnancy specific proteins which
are non-antigenic, i.e., insufficiﬂ; antigenic to cn.@se the production
of appreciable amounts of antibodies in warm-blooded animals.  For purposes
of this invention, such non-pregnancy-specific proteins can be regarded as
non-interfering material.

The unbound fraction can then be concentrated to provide a serum suit-

able fmz’:.:flnnoculation into the host animal. Concentration is usually nec-

R

essary prior to injection, but, of course, antibodies could be raised less
efficiently against dilute solutions. Suitable hosts are virtually any warm-
blooded animaly, such as goats, cattle, horses, rabbits, chickens, etc.
Goats are preferred because a-’-nei Convéut 6nce g\[ che ) eas e ‘

,lm”lrj, ﬂvo ﬁ:u’ [w{ M*ao/-e«uv-( »J nm,h “*/u// fnﬂ&‘f

S A PO

A1l that is necessary is that at least one pregnancy specific protein causes

At-l\n“y
the host animal to raise antibodies. Aetwatdy Jt is believed that¥about

o jessT 3 different pregnancy specific proteins cause the production

of antibodies. As is customary in the raising of antibodies, conventional

i (j " g Ba i ktoh P A Y T YR




adjuvants can be employed to accelerate antibody production. The injection
schedule can be expected to vary for different types of hosts, and it is

-~ well within the skill of those aquainted with manufacturing vaccines, etc.
to work out a suitable injection schedule for a particular type of host.
[Aside from your specific example, is there any additional guidance you
can give the practitioner concerning the injection schedule?]
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See dsc arrechmes § 7/
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After a suitable period of time, usually several months, the host
s r
animals are bled and their plasma is harvested. The plasma contains serum

proteins comprising antibodies to at least one of the pregnancy-specific

lo T

]
proteins. Thes%serum proteins (either concentrated or as plasma) are then
contacted with normal human serum, for example, by passing the antiserum

through an immunosorbent column containing (What support?)fu ﬂuym:LJerum
frermu- lnnlh/l' / on, [itre "',fs

Toaded with §yophilized (What

s,this

i
/ I  furr
egsat A , . W furry |
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wle 4 vucunin fotrg only normal human serum. [Why
J&/J SV utn /:'m7-c/nr bell‘d;ro«r r.»,,(cﬁjn;"tﬂ.

is this step necessary since the serum was already passed through the

e /7
column containing normal human serum prior to injection] Au, 7%‘(
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The material which is not adéofbed on’the “column is a mixture containing an

G w(/ ,/

antibody to a pregnancy specific protein isolated from hon-specific antibodies,
and as such is now an agent capable of detecting the presence of pregnancy-
specific proteins. [How is this material different from the agents used by

Bohn, Berne, Lin, and other workers in the prior art to iso]at_e pregnanc
wnl] wertlec wodd omyenc oy
. — , 7y )
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FT ey be 4+  The normal human serum and anti-normal human serum used in preparing
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d ,,,‘..’( the pregnancy detection agent of this invention can be prepared by conventional
f(nf;lllr i""\""d'u'

a 3ed STV serglogical techniques well-known to the science of immunology. To provide &

pregnancy detection agent suitable for the general public, the normal human

serum should be collected and pooled from a large sample of non-pregnant

e

human donors having ali of the blood types. These would most likely be
limited to males to ensure that serum from unknowingly pregnant women did

not contaminate the serum. It would be desirable that at least some non-
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precnant women be included in the sample to provide nan-preananrv related
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but perhaps female specific proteins to the serum. The serum, of course,
is typically collected as plasma separated from the pooled whole blood of
donors by centri%uéaﬁon and pooled.

The anti-normal humaﬁ serum is prepared by conventional techniques of
raising antibodies in host animals. For example, the pooled serum can be
directly injected into the host animal without additional treatment, however,
concentration of vhe serum is preferred. Goats are likewise preferred as
hosts for preparing anti-normal human-serum. [Please describe a suitable

injection schedule and incubation period] p ‘ '/m“:r 3
Sce fz—fes 37 Ao-.:(/ 37 7/( 747- A e.«:-/
2 ‘
.owr/,’,.( v cur )ﬂe‘l{;.// 0% ﬂJ/@' A 5\‘11/

ﬂa‘ﬁ - nc'roﬁd /4“"“7\ Sepep -

The blood is then harvesved and centrifuged to recover the antibodies
which are found in the liquid phase. This anti-serum is then (any additional

treatmen;: here?) \@ =+ sy beﬂﬁlyu‘( 122 /'mfoy /f

- ,) ’
Mere VEeTWe i il fﬂlf Surmn eF " _passed through a conventional
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Of‘
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DEAE cellulase columr (chemizal nape® bae:ﬁ# a,.u'nf ety / )
~ [
; JE- n cavé ST

Tcaded with A‘tff jts © to separate

which contgins 80% goat serum proteins and

20% anti-normal”human serum. This solution is passed through an immunoabsordent
&)

column containing normal human serum to cause ant%'norma] human serum to be

bound onto the column. The bound anti-serum is then eluted with

, or (any other eluants?)

and is ready for loading onto an immunoadsorbent column for use in prepar-:~q
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the agent of this invention. It should be noted that immunoadsorbent
columns used according to this invention provide both reaction contact
between antigen and antibodies as well as separation of unreactive compaonents

which exit the column as the unbound fraction.

The pregnancy detection method of this invention comprises contacting
« [ o
~ serum from the patient with antibodies to pregnancy specific proteins isolated

———

from non-specific antibodies. Since the existence of the antigenic pregnancy

-
specific protein has herein been demonstrated, the source of the protein is

not an essential feature of the pregnancy test. The desired antibodies can

be prepared by the method disclosed herein, or it is conceiveable that at

v
least one of the pregnancy specific proteins can be identified and synthesized,

thereby avoiding the necessity of separating the pregnancy specific protein
from antigenic non-specific human proteins. The synthetic protein could

then be used directly to raise antibodies useful for detecting pregnancy. L////

——

A1) that is necessary is that serum from a patient be contacted with an
antibody raised against a pregnancy specific protein and the results observed
to detect signs of antibody/antigen reaction. The occurrence of the reaction
of course, indicates pregnancy. It can be readily appreéiated that any of
the several methods for detecting antigen/antibody reaction is suitable for
detecting pregnancy according to my method. Examples of such methods are
gel precipitation, gel electropherograms, immunoelectrophoresis,

-

CVe55  Immuny e:,'tcwcf‘),(rrc'a"(f ) Immw\crp:“FA‘"""'

[Do each of the tests require blood serum? Do each require contact between

the serum and antiserum? Would other bgdy flyids such as lymphatic fluid
)
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urine, etc. be suitable?] . )
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The primary utﬂify v&’?‘ the p?é“gr’\ancy detection method of this invention
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is for detecting pregnancy within about _ & RGP of conception. After

2 months, pregnancy is reliably detgCt /Te by well known external

¥ ,‘r II‘CI 7{/.5 ‘C«'\/J l)e red’,«cu‘; v ~,r£1,"

S toms.
e & we t/ ¢ Comc pTiem !

In order to demonstrate a preferred method for preparing the pregnancy
detection agent of this invention and the operability of the agent for
detecting pregnancy, a detailed example is presented. It will be apparent
that substantial variation from the procedures described therein can be made
without departing from the spirit and scope of the invention.

Example

Preparation of crude placental extract. Term placentas were obtained at

delivery and chilled in 0.85% sodium chloride solution for preservation.
The placentas were washed for 1 hr. in tap water to remove a maximum of blood

elements and serum proteins. Why? (/e d’[&’ y Py Jeure Tu an..,., enfm
~ . . d ° i
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and the placenta:m cut into pieces about 1 cm on a side and frozen. Sub-

sequently, the frozen material was homogenized in three volumes of 0.1 M,
pH 7, phosphate buffer. The homogenate was centrifuged at 17,000 x g for

ihe
10 min, in an angle-head centrifuge, the supernatant was collected, and"pellet

was rehomogenized in two volumes of the same buffer, and a second centrifu-

gation at 17,000 x g for 10 min. was done. [Question: What is x g?]
cafucrtj G Nr‘.je‘,t)'-’“ 74;7-”,. ﬁ* C““?"Pll A‘_S-AT,‘_,‘/;.:::'// \.71 Srf1~/;7/

The proteins of interest were precipitated from the pooled supernatants by

adding solid ammonium sulfate to 55% saturation. [Were some proteins unpre-

7 ) - . ! Mf :‘.“I /&fé. ST n
cipitated? Exp]ain_x Ce.' /l»:nl7 , Some o7 Tesns

val l)'Q rresru—m:7 Sfﬂtr.?[rrC “é e ,_/,,;,./j‘ AJ?' szﬂ?‘ ﬁ;ff(%
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Following centrifz:gratwn, the material was dissolved in a minimal amount of
0.1 M, pH7, phosphate buffer containing 0.1% sodium azide, the solution was

dialyzed against this same buffer,(what sort of membrane? Anything critical

chise  Tub o Uvien Con b de
about the dialysis?) l/c‘ ‘ﬁ’j 'TUL"‘-S ‘# 7 5 ‘ /t
NVermree Crimed .

and any material that precipitated was removed by centrifugation. (What was th

precipitate probably?)_ mvsrly v'7' /hj{ mw.-p,...,/cm/q Y 4 ,.Q,e,r,.-j
#‘ Cv-nuec'f;w( HSSug 0'{ ‘f‘iﬁ P/Lchq—k. 51;«' +Z
yo.«/ SQ’\AL’C, -r‘tr @i ‘,“T ,',‘l,_[7 v [hj/( e // f&.";j
¢

a—l.wmuk\v.‘-(p{"]’fl.vul Wre Fy’S‘IS/ [} lm.-n/y as /njtcTJ/t

Nere meq

Kmm Aty TRE 7 o
ny serum proteins left in the solution were removed by cycling it over
an immunoadsorbent column of antibodies to normal human serum. (How was it

cycled? What sort of column support?) Fr 'Descr"[’r'*" ﬂc
‘,‘fg A'&WNN’C C,C/I;‘j c~77¢-mm 5= €
7Y
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The unbound fraction emerging from this treatment was still a /rc(rs:/j

complex mixture, containing at least 20 different proteins, as judged

by gel electrophoresis. The solution could not be concentrated beyond

20 A280 units per ml without undesired precipitation occurring on storage,

especially on freezing and thawing. An A280 unit is the quantity of

protein per ml1 of water or buffer giving an absorbance of 1 at 280 nm in

a cell with a 1ight path of 1 cm. Apparenﬁy, the bulk of the material that

precipitated was placental tissue proteins, mostly acid in nature. This

material could be separated into several subfractions by chromatography over

DEAE cellulose. [How? What sort of eluents?] S‘ce A#Ac&miﬂr 7

Though not essential to the operability of the process, some separations

of placental tissue proteins that appear in the serum from those that do

not coul;i be effected. Only 10 to 15 of the proteins in the mixture have

proved to be sufficiently antigenic to result in detectable antibody production

to them. It is likely possible to n:jify the extraction procedure {for example,
0 1 # r.,.d.].,‘,, satq ) 83 e Corltey .

mﬂl acid extraction of diced placenta, without homogenization) in order to

minimize the extraction of proteins that do not appear in the p]asma,’ however,

this is unnecessary for the operability of the process.

Reicing.of-andisers. The placental extracts, minus non-specific serum
proteins but still containing the relatively nonantigenic tissue proteins
mentioned, were concentrated to about 15 A280 units per ml for injection

purposes. An estimate of the antigen content was 0.1 to 1 mg/ml, based on

intensity of reaction in immunodiffusion. The extract was mixed with equa!l
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volume of Freund's complete adjuvant, and the preparation was injected
subcutaneously into goats and rabbits, either in the hips or behind the
neck (4 ml for goats, 1 ml for rabbits). ([Would introvenous injection

. '.fet qﬁ&t[mg.q— g . . .
also work?] \dlr( Ch""/ 1 ey Rarus inyecTTom }'exu/ﬂ /n

d (Ab\o.?/\r /pc“‘( SAt*:A p‘—.‘p fudl/u. ¢0¢’(='/; ¢ ‘/ f‘/’\‘ k

A_-rr cm)m—T/ , 7’/:' (‘T{‘*: "“""A‘{'J_ alfe :/H:' ”:‘ pfﬁ l#;
Thereafter, the same amounts of extract without adjuvant were m.wcted‘ ¢ e )%;

subcutaneously at weekly intervals. Every fourth week, injection was EA 2rs
done with antigen plus adjuvant. First bleeding was at 5 weeks (40 m! for
rabbits and 150 ml for goats) and was biweekly thereafter to test for

antibody production. High-titer antiserum was obtained, usually in about

7 to 8 months. The antiserum was absorbed on a conventional immunoabsorbent
colum with lyophilized, pooled serum obtained from normal human males (100
mg/ml of antiserum) to remove non-specific antibodies. The unbound fraction
contained pregnancy specific antibodies and normal animal protein. [Is

any further treatment necessary or desirable for commercial manufacture?

Should the goat fraction be removed?]

Now Jru ore c’"“/:';f} ! s ;: G clv;m; merhod
ot Frn:/fl'»j o prres mis “-5'4/7 ComeseT pizel) amrrscs am
'reojMT' O(M” “""")4/ we hetveo rqu«.O *—t(;q— *-Aw Se
Conely Hhe Ty Ffruaron shald be rommed FKom the bulh ot

He SuaT[mc'»I) fmn,'.,'. Deat  Comemarverapsy Ww.ud Bs A
‘ 5;.'?’( g%("rl:v( /57' Mernvy c"f Cm“g,

Resuits—and=-Bisenssdon  Gel precipitation was used to test the antiserum !5

placental antigens for the presence of antigens that appeared in the sera of
pregnant women. The antiserum was first tested against sera from women in the
third trimester of pregnancy. Tests against the sera from three different
women in their first pregnancy, three women in their second pregnancy, and
three women in their third pregnancy showed positive reactions within 5 hours

-17-
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with 2 to 4 bands clearly visible after 40 hours. The control for all
three plates was from a 28 year old woman who had had one successfu)
pregnancy 5 years previously, and who since that time had been taking
an estrogen-based birth control pill. No reaction was noted at any time with
the control. e

The antiserum gave negative tests acainst a succession of batches of
pooled normal human male sera. It was positive against all of a series of
40 samples of third-trimester pregnancy sera. It was negative against the
sera of ten nonpregnant women, including those previously pregnant. Of
four cases tested, no reaction has been shoﬁn with sera from women taking
estrogen-retated contraceptives. In order to demonstrate the detection of
pregnancy early enough to be valuable for a pregnancy test, several runs

Sera

were made on serum from women who suspected pregnancy. A serum sample was
obtained from a 29-year-old woman 6 days after she had failed to begin her
menstrua] Eeriod. A good estimate of the time duration since conception
was 18 to 22 days. A serum sample was obtained from a 25-year-old woman
10 days after she had failed to begin her menstrual period, giving a time
duration of 22 to 26 days since conception. The samples were tested by
double diffusion against antiserum to placental antigens. Placental extract
and serum from a woman in the third trimester of her third pregnancy were
used as reference.

After 16 hr. one sharp band and one faint band of precipitation were

observed in both samples, and the two bands merged or showed identity with

bands from both placental extract and the third-trimester pregnancy serum sample.

For both samnlee, a precinitin hancd conld be ohserved as early as | hr after




rev
the second sample within 24 hr after loading. Frf oy w...// /.I'/ij
N S w decin

{owr reguome
Another early-pregnancy serum sample, taken at 28 to 32 days after con-
on ..,‘Q & tmy
ws
ception, was tested against the antiserum and gave two precipitin band j wxg%1
Hod Snmple

16 hr. Pregnancy was confirmed at 8 weeks of gestation by routine examination

¢af—ﬁﬂ&!f‘
for ail three of the women. The human placental antigen preparation gave ten

distinguishable precipitin bands with the antiserum. The precipitin bands that

e ———

are the strongest for very early pregnancy samples show identity with the

weakest bands from samples from third-trimester pregnancies. This indicates
m

that the antigens involved reach a concentration peak early in pregnancy,

Seme cav{}‘ﬁf st g “”TS‘“’

moy - aer_be dereersbe o

722 ¢ 3rd MmesTo- .
While the particular pregnancy specific antigenic proteins utilized for

and then slowly decrease during gestation.

this invention have not yet been characterized, their identification is not
essential to manufacturing the agent of this invention or to performing the
pregnancy test of this invention.

Recent advances in cancer research have intimated that certain proteins
present in pregnancy are Aﬁgxpressed in the early stages of cancer. This is
consistent to the idea that the formation of the fetus is physiologically
similar to the formation of tumor cells in cancer patients. Accordingly,
an expected utility for the pregnancy detection agent of this invention is
the early detection of cancer. {If possible, could you elaborate on this

idea, giving additional references or evidence of the possible utility?]

See The Anacbuenrs

Gowceamug e Cwcer. Cowwecrreas
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What is claimed is:
1. A pregnancy detection agent comprising an antibody to a pregnancy

specific protein isolated from non-specific antibodies and prepared by the -

method comprising:

a) contacting a first mixture of proteins occurring in pregnancy-associated

v

material with antibodies raised against human serum containing no antigenic
—

pregnancy-specific proteins; o o
b) separating non-specific antigenic human proteins from said first mixture

<

to provide a second mixture containing pregnancy specific proteins isolated
from non-specific antigenic proteins;

¢) innoculating a host animal with said pregnancy-specific proteins to
-\/ ——

cause said host animal to raise antibodies to at least one of said pregnancy
specific proteins;
d) harvesting serum proteins from said host animal, said serum proteins

containing antibodies to at least one of said pregnancy-specific proteins;

/‘: ‘vﬂ' ‘m‘H'.Nr "'\) o
e) contacting serum proteinsAfrom said host animal with non-specific

v A

human serum proteins to effect the separation of non-specific antibodies to

human proteins from antibodies to pregnancy specific proteins to provide a

v . e — —

mixture containing an antibody to a pregnancy specific protein isolated from

;\54«‘ C/M-. /
nqn-specific antibodies. /

2. The agent of claim 1 in which said proteins occurring in pregnancy

associated material are recovered from placentas.

3. A method of detecting the existence of pregnancy in humans comprising

contacting serum or Urnt from a

patient with an antibody to a pregnancy specific protein isolated from non-specific

)

e gt

antibodies; and observing whether an antibody/antigen reaction occurs, the

nccurvence of said reaction bein g indicative ¢f pregnancy.




4. The method of claim 3 wherein said serum or Urine

is withdrawn from said patient within about

//l Py '-n./if

months of conception.

5. A method of detecting the existence of pregnancy in humans comprising

N

contacting serum or _ dirrnt

from a patient with the agent of claim 1 and observing whether an antibody/
' antigen reaction occurs, the occurrence of said reaction being indicative
of pregnancy.
6. The method of claim 5 wherein said serum is withdrawmn from said

-4 weehs

patient within about s months of conception.

7. The method of claim 5 wherein said proteins occurring in pregnancy

associated material are recovered from placentas.

1075895
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INSTRUCTIONS' FOR DRAFT PATENT APPLICATION

Pleasc provide the requested information, if possible. If a statement
is incorrecct, please replace it with a correct statement. [ have tried to
describe the invention as broadly as possible in order to obtain the
broadest patant covarage. i apologize for the extent of the questions,
but it is necessary that everything be explained as completely as possible
to prevent the inventicn from being limited to the particular reagents or
process steps used. Feel free to make any changes, deletions, etc. which
you deem advisable. Also, please point out any additional surprising or

unpredictable results which were observed.

ABSTRACT OF THE DISCLOSURE
An agent capable of detecting the early stages of pregnancy in humans
is provided by preparing an antiserum to proteins isolated from pregnancy -
associated material such as placentas. By conventional techniques of
S
detecting antigen-antibody reactions, the antiserum is ubd to detect the
presence of pregnancy-specific proteins in women at the early stages of

pregnancy.

Background of the Invention

-

This invention was made in the course of, pr'under. 2 contract with

the Energy Rescarch and Development Administration.- It relates in general
to pregnancy detection and, nore specificaTl&. to an agent and method for
detecting pregnancy in women during the very carly stages. Pregnancy ha-

been detected as carly as 18 days afler conception according to this invier  ~

1375900
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There ha; long been a need forAa simple, rcliable test wh?ch is capable
‘of detecting pregnancy within a short time after conception. For example,
such a test would be of grecat value for those women with an ancestral
history of genetic disorders so that preventive therapy could be initiated
as soon as possible. Those women working in potentially toxic or radio-
active environments or tak1ng potentially harmful medwcatlon also have a

Te FDA 15 vaw /”““:5 Wiy A RSy
need for early pregnancy information. 72 cime. whe betome ffﬂ’j'w—" whle

youy Sove *’;H*J w;ré Iubff zF vhe TUD i3
netT remy VQ -y /5 e }av?/ gn 331 b,/l)‘f o~ /'6 /"Z« ‘o
In the prior art pregn cy has been detected by a vé¢1ety of well-known .,
‘T/,:,,'\
P
methods. Most of the prior art methods are unreliable when administered “4., %,
%

sooner than sixty days after conception. One method which has been shown
effective for early pregnancy‘detection is described by B.B. Saxena et al.

in the article "Radioreceptor Assay of Human Chorionic Gonadotropin: Detection
of Early Pregnancy" Science, Vol. 8 pp. 793FF. (1974). This method is rather
;omp]ex and requires the use of radioactive substances, and, therefore, might
be unsuitable for rcutine clinical use. The presenf invention iqvolves the
use of host-produced antibodies to detect the presence of pregnancy-specific
proteins in the sera of women in the ear!y stages of pregnancy. The occurrence
of pregnancy-specific componenfs in sera from pregnant women was first
demonstrated by;Thornes;and reported in an article by Maclaren et al. i

Am. J. Obstet & Gynecol. 78:939(1959).  Smitiries in Adv. Protein Chem. 14
65,(1959) observed the presence of a pregnancy-associated alpha-globulin.
Hirschfeld and Soderberg in Nature 187:332(1960) found two precipitates

on inmunoelectrophoresis of pregnancy sera. Gall and Halbert, Int. Arch.

Allergy Appl. Timunol. 42:503(1972); and Lin et al., Am. J. Obstet. Gyn:. !

118:223(1074) observed and characterized four sequential pregnancy-asso '

1015601 | o
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plasma protcins found in the third trimester of pregnancy. Antiscra had
been raised against pregnancy plasma and then absorbed cxhaustively with non-
pregnancy plasma. Bohn in Arch. Gynackol. 210:440(1971) used rabbit
antihuman plécenta antiserum absorbed with male serum to detect four
pregnancy-associated plasma proteins. Only one was considered pregnancy -
specific and two could sometimes be detected in sera from non-pregnant
female subjects, especially those taking oral contraceptives. Berﬁe. in
Clin. Chem (Winston Salem, N.C.) 19:657, Abstr. 093, 1973 found pregnancy
zone protein in women six weeks pregnant. The protein was also found in men
and non-pregnant women. While the prior art was aware of the presence of
proteins associated with pregnancy, there was no awareness of proteins which
werg,speqific to pregnancy and which could also be detectable sufficiently
early in the gestation period to be useful as a pregnancy test.

Summary of the Invention

It is an object df this invention to provide an agent capable of detecting
the early stages of pregnancy in humans.

It §s a further object to provide an agent capable of detecting early
pregnancy by simple and we]l-kpown clinical operations.

It is a further object to provide a method for the detection of pregnancy

- Al

[
which requires no radioactive material or complex.procedures.

It 4s a further object to provide an agent and-method for detecting
. V
pregnancy which is effective less than thirty days after conception.
These and other objects as will be apparent are provided according to
this invention by a pregnancy detection agcht comprising an antibody to a

preanancy-specific protein isolated from nan-specific antibodies and propared '
. . i ' .

hy the methad comoeioing:



a) first providing a mixture of proteins occurring in pregnancy-associated

material and containing an antigenic pregnancy-specific protein;

b) isolating said antigenic pregnancy-specific protein from non-specific
antigenic proteins;

¢) innoculating a host animal with said isolated pregnancy-specific antigenic
protein to cause said host animal to raise antibodies to said pregnancy-specific

antigenic protein;

d) harvesting serum proteins from said innoculated host animal, said serum
proteins containing antibodies to said pregnancy—specififS;ntigenic protein, and

e) isolating said antibodies to said pregnancy-specifig}antigenic protein from

antibodies to non-specific human proteins.

For obtaming the probees
The preferred pregnancy-associated material’is placentas. More concentrated
(__———A

pregnancy-specific antibodies are obtained by separating pregnancy-specific anti-
bodies from the remaining animal serum proteins and/or antibodies.

A method of detecting the existence of pregnancy in humans according to this
1nvehtion compri;es contacting serum or urine from a patient with an antibody to

a pregnancy-specific protein isolated from non-specific antibodies, and

T

observing whether an antibody/antigéh reaction occurs, the occurrence of said

reaction being indicative of pregnancy. It is possible that other body fluids

such as lymphatic fluid migﬁt contain pregnancy-specific proteins according to

this invention, however urine and serum are most suitable for routine clinical

testing.
-4«
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Detailed Description L/Q'VV S

An important. aspect of this invention is the discovery that structures and /)

substances produced during the course of pregnancy in women contain proteins

//
I

which are also present in detectable quantities in the very early stages of

—_ e ———

pregnancy. Another important aspect is the discovery that at least some of

these pregnancy-associated proteins are both highly specific to pregnancy and \

———— e —

sufficiently antigenic to raise antibodies in host animals which can then be E
I

isolated and used to detect the presence of the proteins in pregnant women

relatively soon after conception,by standard immunological techniques. —

For purposes of this invention, the terms specific and non-specific relate
to pregnancy-specific and non-pregnancy-specific. A non-specific protein is one
which is not specific to pregnancy. A pregnancy-specific antibody is an antibody
to a pregnancy-specific protein. A non-specific antibody is an antibody to a non-
specific protein. The tenn.“antigenic“ protein refers to a protein capable of
producing detec;able antibodies in a host animal. For purposes of this invention,
a non-antigenicrprotein is one which raises no more than miniscule amounts of antibody
which would not significantly interfere with the detection of pregnancy-specific
proteins by pregnancy-specifigc antibddies.

The first step in preparing the pregnancy detection agent of this invention

is to prepare a mixture of proteins occurring in pregnancy-associated materials
such as placentas, umbilici, amiotic fluid, fet;1;tissue, etc. Placentas are

preferred because of their ready availability. The separation of proteins from
pregnancy-associated material need not be quantitative. The mixture of proteins

can beAprepared from the pregnancy-associated material by a number of well-known

i 10715604
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biochemical techniques for concentrating proteins from biological tissues
or fluids. This protein mixture will contain antigenic pregnancyfspecific
brotein. Awg1le there are normally several antigenic pregnancy-spécific proteins
present in pregnancy-associated material, only one need be present for purposes
of this invention. For example, pregnancy-associated tissues can be diced and
homogenized in a stabilizing medium to minimize precipitation and agglomeration
pH 1

of proteins. Suitable stabilizing media include'phosphate buffer, or a mild acid
such as 0.1 M perchloric acid. The homogenized suspension is then separated
such as by centrifugation, filtration, etc. to provide a supern;taﬁf.1iquid.
Proteins can be separated from the supernatant by adding a precipitant. Suitable
precipitants include ammonium sulfate, sodium sulfate, or other salting agents
as are known in the art. The precipitated proteins are separated from the
solution e.g., by centrifugation and redissolved in a buffer solution containing
a bacteriostat or bacteriocides for example, 0.1% sodium azide to prevent growth

& c Wovohoirm , burme.]
of unwanted bacteria. Other suitable reagents include merthiolate, *o\u(w\g_ , etc.
The protein solution can then be dia]jzed against the same buffer to remove the
traces of the precipitant. Dialysis can be carried out with any of the well-known

dialysis membranes such as viscose dialysis tubing sold by Union Carbide Corporation

under the trade name VISKING. The protein solution is separated from precipitated

. e

material to p}ovide a relat{vely pure solution.éf-ﬁ}ote;ﬁg.
The next step in preparing the agent of this fnventionAis to isolate antigenic

pregnancy-specific protein from non-sascific antigenic proteins. Preferably, this

{solation should be complete, however, small amounts of antigenic non-specific

proteins can be tolerated with the specific proteins since.subsequent processing 15

1615905 . |
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capable of nemovihg non-specific antibodies. It has been found that the
removal of most or all of the antigenic non-specific proteins from the mixture
- \___//———’——'(--‘“\

of proteins prior to injection into a host animal will yield a substantially L

higher titer antisera in the host. When non-specific antigenic proteins are

removed prior to innoculation, the host animal's immune response is directed
towafd the pregnancy-specific protein. When non-specific antigenic proteins
are not removed prior to innoculation, the normal human proteins are likely
to shield out the response to the pregnancy-specific proteins. [Question -

Would usable or s#arab]e quantities of pregnancy-specific antibody still be

produced?] Toyectve Wt A Cauoe Mixruse v Peacgarat bmicens

Ay Humiw Serum FrorEms REsucrip Fao  Autisera 2 Lot A
Veey et Tirer Atwair  Pireesrnc Armbens & Precuscy
Cepn . For Exanpua, bt Tt Prisend tv CRUDE Piacsorn ExTrme?
war Comprep T hrscit 7o A BPargimicy PuriFr&D  Flaecame [,n"’\/

Wipw Esed Testao AohasT Eracy FrEGA Ay SERA, The  horisepn 1o
Parr y ¢r Mretty P-UUF"" Peatharac Exrraes Reaerid To fivk Mo E
1 210

Bpps o F Pracimmprom hr Mucd  EARLER TTimeS  Toptn Frunn Fn

Cpwok Extnae?. Summsiy , Tiar vk Couvc forrig
Amiseea TO ABLE pzl’fvpﬁ/-m.z ’ - o
Wi Prvnsnyy AT Be damore T Cunicac Tesre .

There are at least two methods by which antigenic pregnancy-specific proteins
can be isolated from non-specific antigenic human proteins. In one instance, the
mixture can be contacted with antibodies raised against human serum containing no

pregnancy-specific proteins, hereinafter termed anti-normal human serum. Suitadble

- A\J

serum can be collected and pooled from a large sample of males and non-pregnant
omd uaed o raise hett-produced andibodies, :

Y ) B T
females, The antibodies to 'this pooled serum will react with non-specific ant-
genic proteins in the mixture, and the reaction products can be separated from

the mixture, thereby providing a mixture of pregnancy-specific proteins and non-

——— e

antigenic, non-specific proteins. For purposes of this invention, such non-ant: .en:.

e

proteins can be regarded as non-interfering material. Alternatively, the prote‘n

1015900 -7-




w L J
mixture obtained from the pregnancy associated materia) can be contacted with

antibodies raised against pregnancy-specific proteins, whereby only antigenic
.._—'—__\__’____’

pregnancy-specific proteins react with the antibodies and are recoverable from
sp! _
the mixture. This method will provide an innoculent more concentrated in
: Gos' &

pregnancy-specific protein. —

The preferred method of carrying out antibody/antigen reactions for isolating

the pregnancy-specific proteins from antigenic non-specific proteins is by‘z/assmg
ordlly herw
L ) 7l s

the protein mixture through an immuno-absorbent col urm d vnth appmpriate ,/,,_‘,p

Jn
bnﬂ/j;’ A

ant'lbodies. e.g. anti-normal human serum or anti-pregnancy-specific proteins. 4

SCsun ProTee ot d

. pre wed yereTs -wTA e 7 clmn

When the colum is lnféd with anti-normal humdn serum, the unbound fraction con- f/:
e ————— 7.

tains pregnancy-specific proteins isolated fromwwnem non-specific pr/;otei»ar(ﬂ

CtnTMN-Dij He Serum ProTeing MQ b a ¥l ‘f/Q
m‘ Proieins - &Q QJ‘“‘I’I "' ”‘/""‘ﬂ#
"4’3 7‘the pregnancy specific proteins are bound to the colum and may be eluted with
~ Jec “",

(rﬂ“

capable oF Separaking antibody fankigen comglox

a suitable eluent Ysuch as a 2.5 M sodium thrjcyanzte solutxon The ma«_//’n?em.r
. pess

The next step in preparing the agent of this invention is to innoculate a

HKE

host animal with the isolated pregnancy-specific antigenic proteins to cause
————‘—’-_\__—,

the host animal to raise antibodies to the pregnancy-specific proteins. All
\'——x_ "—_—_\

that is required prior to innoculation is that the proteins be in a solution

capable of injection. The solution from the inmung‘:lsorbent step can be concen-
trated and directly injected [Question - Should thiocyanate be first removed
/
y€S S 74( Y rS /“7
from the eluate?] - FF. “e Fn_gumcy /oeu /nr I Y AL 9{/
))Q,yj M 1o /MMU}I/IJ 0"7‘/‘]”"5""“ thcn‘lc M'ﬂ}DJ/ﬂ»
-’-fo.\ -r£€ wOu/po ﬁl’é o bQ Q/ T"y V/J% '/{"‘(’)'A.ru-?t, 729"

ﬁ, a;;“,.eh;‘{tf Were /n ~ ﬂarv-e —-77/0( STrucTur € 7‘%( C[“"n"/u

1 o<y pide LaS n/w 3 Vamuo 1) tﬂt y A5 Sovn e
ngs, ofrer e lurioy ufyrﬁe Coluny + e Jm Svsrem Accupasmep Dikesis FiTouyy
of course. antibodwes could be raised |e S efficiently against dilute solutions. 93

Suitable hosts are virtually any warm-blooded animals such as goats, cattle, horses,




‘rabbits, chickens, etc. Goats are preferred because they have an extensive and
multi-varied anti‘body response, normally superior to other animals. Of course,
it can be readily appreciated that the terms “antigenic" and "non-antigenic”
refer to the particuiar host animals being used since an antigenic protein to Some
animal may be non-antigenic to others. No warm-blooded animal has proven incapable
of pr@ucing antigens to at least one pregnancy-specific protein. As is customary
in the raising of antibodies, conventional adjuvants can be employed to accelerate
antibody-production. The injection schedule can be expected to vary for different
types of hosts and it is well within the skill of those acquainted with the manu-
facture of vaccines, etc. to work out a suitable injection schedule. The same
fnjection schedule will be appropriate for producing anti-normal human serum.

The next step in preparing the agent of this invention is harvesting serum
pf'oteins from the innoculated host animal. After an innoculation schedule (e.g.,

Sela
weekly) of several months, the host animals are bled and their plasma harvested.
Sevam (r\v‘l’t, Itamrmoe i SE€ M) “7[’9 CA”/.
The plaswer {s separable from whole blood by conventional means such as centrifugatiom T

<

Hee=ghfom g serum, contains host serum proteins comprising antibodies to at least
See u‘ji 74;"r"'““ﬁ/§3/13-uq

one of the pregnancy-specific proteins.

The next step in prepari\ng the agent of this invention is isolating antibodies

—

to the pregnancy-specific proteins from antibodies to non-specific human proteins.

Even if the proteins injected into the host were completely free of antigenic non-
specific human proteins, it is necessary that this isolation be performed to remove
traces of antibodies to non-specific human proteins w.hich were native to the host

or which were raised against marginally non-antigenic human proteins. [Any other

ve | . |
reason for this step?] Ao, 5/...//7 desire v Kave pure g bdies
1015908 Y P"‘)*‘M\u’ —:/Jec\;'f:)‘c Prcr-./'u;
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/p/“»m  1he KB Yod clls ke bean spun Jom by coni Frgorrin -

Z He whvle Uwﬂ/rfe P/w:ma fyms abng 77, ot 7he v /ume/ -
L;,[N;Jt; /n,P cellscm e <oyrhmeyres | whire cellselewcnyres or /7»/01.9,7«,;
+ swmuloc,ru/ Kovm o~ Y5, -

The £lid pur ot e Bed ofrer 7 her goe e e process
of t,o#;n, ¢r cwaguwleTion o colled) seram.

Wik Twe Compesirion of Hee > Flids s ’;""/“"; T dm

lacks cerraim of The subsmmces hich hue bee Je/o(<n9 i rhe

. € .
Clo‘nma Frux-tﬂ; 11" /uq‘f fa’&rmoj-a\ duT ConTains excegs

f‘rv th'.n .

Phsma 15 obminad by comrmifogrs Frekly dves  blad).

Seram 15 abremed thon e blod is ?en.n‘uﬁ vl

cod td for show 2 hoirs | ot e clr Sheiths od

Sevum 17 .5‘7“:)«9 vt
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The preferred method of carrying out this isolation step is by passing the

ad
host serum through an immunoeabsorbent column loaded with normal human serum
proteins. -The material which is not adsorbed on the column is thus a mixture
containing an antibody to a pregnancy-specific protein isolated from non-specific

antibodies, and as such is now an agent capable of detecting the presence of L—

pregnancy-associated proteins in women, in accordance with this invention. It

is preferred that this column be loaded with setE!nggsgins_nhInined.jrnm_é_lEESQ

sample of males and non-pregnant females, having all of the blood types. Females
e —————— et

Guvd
taking estrogen-based oral contraceptives should be included in the sample, if

possible. The serum_of course is typicajly collected as plasma separated from
whole blood and %yophi\ized or freeze-dried for storage. This pooled gi?ﬁﬁ is
also preferred for injection into a host to produce anti-normal human serum as
used for carrying out this adsorbtion of non-specific antigenic human proteins
from the original protein mixture. The anti-normal human serum can be prepared
by any of a number of well-known serological methods. The preferred methal$is to
make Balanced antisera which contains sufficient antibodies to remove all of the
non-specific antigenic proteins in a protein mixture. The procedure for carrying
out immunoadsorbtion chromotograpﬂTand for preparing_a'ba]anced antisera is
described i# N.G. An;erson;:et al, "Cyclic Aff;hif;fChréﬁatography: Principles
and Applications", Analytical Biochemistryhggt 3712393 (1975), which is herein

incorporated by reference.

y o/
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It is generally desirable that pregnancy-specific antibodies be further
{solated from some or all of the animal serum proteins. This can be accomplished
by passing the ar;imal protein mixture, either before or after pregnancy-specific
antibodies are 1solated from antibodies to non-specific proteins, through a
conventional c;ﬂumn containing diethylaminoethyl cellulose a#ft beads. Such beads
are capable of adsorbing immunogammaglobulin from the remainder of the animal's

proteins. [Is there anything one should know about bead size, porosity,

* \h. DE{:E
composition, etc.?] le‘ P""a' 4the refurente for ingert 7,34(" ng

Chre M-losnﬂ., .

THE /"uq‘u.ug Avbremy Pﬂv‘m FiasT Semiarnwpl
Froércss Repopr ) MAR | 4y Aus 34 )/, ORM L~ Y733
Pp 354- 3, Thot are 20v 3 jmnjer s~,7f//€rr vF DEAE

Oue BisT DEAE WAs COTHARD f[Fvem W #/2 BALsres Lr-g/ Mprpsrek FELT
Evcimuy, How Seces D jn Twe wir. Waz  Resve pwsec, Cuprmw # 7

0 oly /:Jv 29/ 13- v /FBUW "74; mu—o_—,—n‘%vj

Also, if desired, antibodies to pregnancy-specific proteins can be further

separated from other animal antibodies by passing the antiserum through ang ",
. 1Y -
' . . e
fmmunosorbent column loaded with pregnancy-specific proteins. The pregnancy- .« 4
specific antibodies are adsorbed thereon and can be eluted with a solution

capable of dissociating antigen/ antibody comngneés. An example of such a

solution is a chaotropic 1ion solution such as a thiocyanate or trichloroacetate

Aﬂnov&‘\ om *

solution. Ammerieum and sodium salts are preferred. The preferred antibody
eluent is a 2.5 M sodium thiocyanate, 0.1 M sodiumipl;osphate pH 7.0, 0.1% sodium
qzide {bacteriostat) solution. Below 1.0 M thiogy,anate dosnot give quantitative
elution. It can be readily seen that this adsorbtion/elution step is

capable of effecting the isolation of pregnancy-specific antibodies from

non-specific human proteins as well as from animal protein.

(075911
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The immunoadsorbent columns useful for preparing the agent of this

- invention can be prepared by conventional techniques. whétlis necessary is

jkhat the column contain the desired antibodies or SntigeﬁE immobilized so that
they are reactive with their corresponding antigen or antibody. The immuncadsorbent
columns therefore provide both reaction contact between antigen and antibody as
well as separation of unreacted components which exit the column as the unbound
fraction. Such imnunoadsorbent columns are well-known in the art of serology.
For purposes of illustration, the following example is provided for the preparation
of an immunoadsorbent. The method is suitable for binding any desired protein to
the packing material. Those skilled in the art can prepare similarly effective

immunosorbent columns by a variety of different methods.

Exarple 1

Protein to be bound {either antigen, antibody, or non-antigenic) is concentrated
in aqueous solution to 70 ml. and dialyzed against the cbup1ing buffer to provide
a protein solution in coupling buffer. Coupling buffer is the buffer in which the

binding reaction ultimately occurs. Examples of suitable coupling buffers are

(give pH a1so) \}.,u [,wq }‘WA,;J 7u<sTlu-, z‘y( MJ#QY//W(»I

Cm\ccnu,-j f/v{ wﬂ»/a/j/ a_‘f/r’ S~/«n~\/knym,7 “I
erc 'L’ Imomany ﬂ-’w‘:«qﬁ’ B “‘"‘J/rj a//ran-/ m‘Ar»—-mo\

on e entise proiduce -
Seventy ml {a like volume’as the protein) of Sepharase 4B is washed with at least

L]

20 volumes of 0.1 M phosphate pH 6.5. Sepharf%e 4B: is (chemical formula, physical

characteristics,)  and is available from .

{1s there any non-trademairked material which could be used?]
[Is there anything critical about the form of Sepharase 48?7]

The washed Sepharase is mixed with an equal volume of coupling buffer in a 400 ml.
beaker with magnetic stirrer, and in an ice bath to form a slurry. The slurry wac

L1

~
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titrated to a pH of 11.5 with 6M NaOH. The the cooled élurry {s added 21 g. of
cyanogen bromide (0.3 g/ml. Sephangse) and the pH was maintained at 11.5 with
NaOH and the teméerature was maintained at about 20°C. Under these conditions
the cyanogen bromide reacts with the Sephargse to cause activation. The reaction
was al]owéd to proceed until no more decfease in pH was noted, to ensure the end
of the activation. The activated slurry was washed with 4°C coupiing buffer on a
coarse Buchner Funnel. This washing must proceed within 2 minutes from the

completion of activation. Why? - "/ (3 -~ e tv—— ol L "l

L ) -7 o~ LaA~ T NPT

The washed CnBr-activated Sepharese 4B was mixed with the solution of protein
to be bound and the mixture is slowly tumbled overnight at 4°C. Additional

mixing (i.e. over 24 hrs.) would normally provide more extensive attach-

ment of proteins. [dhat other activation agents would-be usefult]

‘ NN . - I WS
Spari. o i, rad Gl oo ldy v o T erT A

After mixing, the unbound protein is washed off in coupling buffer
(0.1 M 6.5 pH phosphate) and washing is continued until no background

absorbance is detected in the wash water. After this washing, the

loaded Sepharese is tumbled in 1M ethanolanine pH 10 for 2 hours

L]
.

to load any-remainiﬁg §ites on the resin. The ethanolamine is washed off

weles ° e‘i']e‘ro*zi'““b kg

with and the loaded Sephanﬁse is washed alternately with 0.10 M

sodium acetate, ﬁH 4, 0.1% sodium qzide to prevent bacterial growth, 1.0 M
sodium chloride, 0.1 M sodium borate pH 8.5, 0.1% sodium ozide and 1.0 M

sodium chloride. An additional wash with 0.1M glycine NaOH (pH 11.0) can also

rorpatie
be included. The'purposa:of these washing steps 4F arc |

P015G1Y 13-
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The protein-loaded Sepharase is finally washed with 2.0M sodium thiocyanate,

0.06 M sodium phosphate, pH 7.0 and 0.1% sodium azide, followed by 0.1M sodium
phosphate pH 7.0 and 0.1% sodium azide until background absorbance is obtained.
The protein is now firmly bound to the Sepharase to provide an immunosorbent
particle ready for use as column packing.

The pregnancy detection method of this invention cémprises contacting serum
from the patiént with antibodies to pregnancy-specific proteins isolated from
non-specific antibodies. Since the exis?ence of.tﬁé antigenic pregnancy
specific-proteins has herein been demonstrated, the source of the protein is
not an essential feature of the pregnancy test. The desired antibodies can
be prepared by the methods disclosed herein, or it is conceiveable that at
leas¢ one of,tho pregnancy-specific proteins can be identified and synthesized,
thereby avoid%ﬁg the necessity of separating the pregnancy-specific protein
from antigenic non-specific human proteins. bThe synthetic protein could then
be used directly to raise antibodies’usefu1 for detecting pregnancy.

A1l that is nec;ssary f;; this pregnancy detection method is that serum
from a patiént be cdﬁtacte&iwith an antibody réise& aga%nst a pregnancy-specific
protein and the results observed to detect signs.of antibody/antigen reaction.
The occurrence of the reaction of course, indicates pregnancy. It can be readily
appreciated that any of the several methods for detecting antigen/antibody reaction

is suitable for detecting pregnancy according toAmy method. Examples of such metnods

are gel precipitation, gel electropherograms, immunoelectrophoresis, cross-

‘llllI‘ 1015413 lllllIllllIllIlllllliiiillllllIlllllIllIIllIlllIlllllllllllllllllll--l




{mmunoelectrophoresis, and 1wmunodiffgsion.

The primary utility of the pregnancy detection method of this invention is
for detecting pregnancy within about 2 months of conception. After 2 months,
pregnancy is relfab]y detectable by well-known external symptoms. The method
of this invention is particularly useful for detecting pregnancy within one month
of conception, when other tests are inconclusive. It is likely that it will prove
effec?ive within one week of conception.

In order to demonstrate a preferred method for preparing the pregnancy
detection agent of this invention and the operability of the agent for detecting
pregnancy, a detailed example is presented. It will be apparent that substantial
variation from the procedures described therein can be made without departing from
the spirit and scope of the invention.

Example

Preparation of crude placental extract . Term placentas were obtained at

delivery and chilled in 0.85% sodium chloride solution for preservation. The
placentas were washed for 1 hr. in tap water to remove a maximum of blood

elements and serum proteins. While the mother's or infant's serum would likely
contain traces of pregnancy-specific proteins, the placenta contains substantially
more of those proteins. Fat was cut away since it is superfluous and non-antigentc,
and the placentas wére cut.jnto pieces about 1_cm qn'a §idé‘and frozen. Subse-

- —

quently, the frozen material was homogenized in three volumes of 0.1 M, pH 7,

’
-

phosphate buffer. The homogenate was centrifuged at 17,000 x g (acceleration of
gravity) for 10 min. in an angle-head centrifuge, the supernatant was collected,
and the pellet was rehomogenized in two volumes of the same buffer, and a second

centrifugation at 17,000 x g for 10 min. was done. The proteins of interest = r»
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precipitated from the pooled supernatants by adding solid ammonium sulfate v

to 55% saturation and separated by centrifugation. Some of the unprecipitated

/-
- [,
proteins have since been shown to be pregnancy-specific and can also be recovered

if desired. Following centrifugation, the material was dissolved in a minimal
amount of 0.1 M, pH 7, phosphate buffer containing 0.1% sodium azide, and the
solution was dialyzed against this same buffer, using viscose dialysis tubing
such as 1s sold by Union Carbide Corporation. Any material that precipitated
was removed by centrifugation. The precipitate was mostly large macromolecules
rep'resenting the connective tissue of the placenta. Any serun; proteins left
in the solution were removed by cycling it over an immunoadsorbent colum lcaded
with anti-normal human serum. The cycling was carried out automatically by an

apparatus as disclosed in Anderson, et al., Analytical Biochemistry 66, 159-174

(1975). [Was the bound fraction also eluted between cycles? With what?]
Yes. Otueewisé The Awri- Monmie Seaum  foTIRUI/ES Weered
Hpr Beaw Bouwn or reass Wittt THeir  SPRCFIC Mopmal
Serum AnNTI6h~S At Tnus Gued #o7 Have Reaetso Wirm
T MERT S AmpE - 7,““7 Wer€é EcurED W rn A'P'n'whwu ¢ forAs:um
Tk Cotuma WAE RE&guiiBRATED UWirn Pruspnare Buri€l, A~p

Anraer PACEITAL EXTRACT Spmpie WAs LoApEs .
The unbound fraction emerging from this treatment was still a complex mixture,

TRicCYAATE

containing at least 20 different proteins, as judged by gel electrophoresis. The
solution could not be concentrated beyond 20 A,g, units_per ml without undesired

v
precipitation.occurring on —s;_torage, especially on _fre;zzing_ and thawing. An A280 unit is
the quantity of protein per ml of water or buffer g'jving an absorbance of 1 at
280 mm in a cell with a light path of 1 ¢m. A;wparently, the bulk of the material tnat

precipitated was placental tissue proteins, mostly acid in nature. If desired, this

material could be separated into several subfractions by chromatography over




diethylaminoethyl cellulose. Though not essential to the operability of the

‘process, some sepérations of placental tissue proteins that appear in the serum

from those that do not could be effected to provide a more concentrated agent.

Only 10 to 15 of the proteins in the mixture have proved to be sufficiently
resulr

antigenic to reuslt in detectable antibody production to them. It is likely

possible to modify the extraction procedure (for example, mildk acid extraction

<

of diced placenta, e.g., with 0.1 M perch]oric%cid, without hcmogenization) in

order to minimize the extraction of proteins that do not appear in the plasma;

however, this is unnecessary for the operability of the detection method.

The placental extracts, minus non-specific serum proteins but still containing
the relatively non-antigenic tissue proteins mentioned, were concentrated to about
15 A280 units per m! for injection purposes. An estimate of the antigen content
was 0.1 to 1 mg/mi, based on intensity of reaction in immunodiffusion. The
extract was mixed with equal volume of Freund's complete adjuvant, and the
preparaizon was 1njected subcutaneously into goats and rabbits, either in the hips

or behind the neck (4 ml for goats, 1 mi for rabbits). Freund's complete adjuvant

is commercially available from Dirce Labo atories (Do you know the address?)
UC/ Bur Y C«JJ U ™ ay me ’n

¢ Gre s,,;.«e.v.-/ M‘— suf /ﬂys T beliee -

and contains sterile light mineral 01} plus emulsifier and heat killed Mycvobacterium

1., sy Lt 50 puy

butyricum (0.5 mg. dry weight per ml).

- —-—

Intravenous injection should normally be avoided due to the increased likelihood
of anaphylagtic shock and sudden death of the host. Thereafter, the same amounts

of extract without adjuvant were injected subcutaneously at weekly intervals. Every

fourth week, injection was done with antigen plus adjuvant. First bleeding was at

5 weeks (40 m! for rabbits and 150 ml for goats) and was biweekly thereafter to




test for antibody production. 'High-titer antiserum was obtained, ususally in
about 7 to 8 monéhs. The antiserum was absorbed on a conventional immuno~
allsorbent column loaded with lyophilized, pooled serum obtained from normal
human males (100 mg/ml of antiserum) to remove non-specific antibodies. The
unbound fraction contained pregnancy-specific antibodies and normal animal
protein, isolated from antibodies to non-specific human protein. If desired,
i.e., for commercial preparation, the bulk of the animal protein can be removed
by DEAE cellulose chromatography, in which the unbound fraction can be passed
through a DEAE cellulose column whereby the antibodies load the colum and the
bulk animal protein passes through.

Gel precipitation was used to test the antiserum-to-placental-antigens for the
presence of antigens that appeared in the sera of pregnant women. The antiserum was
first tested against sera from women in the third trimester of pregnancy. Tests

against the sera from three different women in their first pregnancy, three women in

reactions within 5 hours with 2 to 4 bands clearly visible after 40 hours. The

control for all three p]ates'was from a 28 year old woman who had had one

successful pregnancy 5 years previously, and who since .that time had been taking

an estrogen-based birth control pill. No reaction ‘was hofed at any time with
the control.

The antiserum gave negative tests against a succession of batches of pooled
normal human male sera. It was positive against all of a series of 40 samples of

third-trimester pregnancy sera. It was negative against the sera of ten non-

pregnant women, including those previously pregnant. Of four cases tested, no

~18-
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reaction has been shown with sera from women taking estrogen-related contra-

. ceptives. In order to demonstrate the detection of pregnancy early enough to
be valuable for a pregnancy test, several runs were made on sefa from women who
suspected pregnancy. A serum sahp]e was obtained from a 29 year-old woman 6§ days
after she had failed to begin her menstrual period. A good estimate of the time
duration since conception was 18 to 22 days. A serum sample was obtained from a
25 year-old woman 10 days after she had failed to begin her menstrual period,
giving a time duration of 22 to 26 days since conception. The samples were
tested by double diffusion against antiserum to placental antigens. Placental
extract and serum from a woman in the third trimester of her third pregnancy were
used as reference.

After 16 hr. one sharp band and one faint band of precipitatién vwere observed
in both samples, and the two bands merged or showed identity with bands from both
placental extract'and the third-trimester pregnancy serum sample. For both
samples, a ﬁg};ﬂpitin band could be observed as early as 1 hr. after the start of
mmunodiffusion. Th?ee precipitin bands were observed for the second sample within
24 hr. after loading. Improved immynodiffusion techniques would likely permit a

decision on pregnanc} on the\same day the blood sample is withdrawn.

Another_early pregnancy serum sample, taken at 28 to 32 days after conception,
was tested against the antiserum and gave two pregjpitin.bands within 16 hr.
Pregnancy was confirmed at 8 weeks of gestati;n by routine examination for all three
of the women. The human placental antigen preparation gave at least ten disting-
uishable precipitin bands with the antiserum. The precipitin bands that are the

strongest for very early pregnancy samples show fdentity with the weakest bands from
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samples from third-trimester pregnancies. This indicates that the antigens
involved reach a <oncentration peak early in pregnancy, and then slowly decrease
during gestatioh. It is possible that some early appearing antigens may not be
detectdble in the second and third trimester.

While the particular pregnancy-specific antigenic proteins utilized.for this
invention have not yet been characterized, their identifica}ion is not essential
to manufacturing-the agent of this invention or to performing the pregnancy test
of this invention.

Recent advances in cancer research have intimated that certain proteins
present in pregnancy-associated material such as placentas, are re-expressed in
the early stages of cancer. This is consistent to the idea that the formation
of the fetus is physiologically similar to the formation of tumor cells in
cancer patients. For a description of the observed relationship between fetal
and placental proteins see, for example, Ruoslahti, et al, Int. J. Cancer: 7
218-225 (1971,,,Thompson. et al, Medical Sciences 64, 164-6 (1969), Gold, Prog.
Exp. Tumor Res. 14: 43-58, and Am. Assn. Cancer Res. Abstracts 490, 568, 584,
842 (1974). Accordingly, a possibls utility for the pregnancy detection agent

of this invention is-the early detection of at least some forms of cancer,

-20-
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what is claimed {is:

1. A pregnancy detection agent comprising antibodies to a pregnancy-specific
protein isolated from non-specific antibodies and prepared by the method comprising:

a) first providing a mixture of proteins occurring in pregnancy-associated
material and containing an antigenic pregnancy-specific protein;

b) isolating said antigenic-pregnancy-specific proteiq from non-specific
antigenic proteigs;

¢) innoculating a host animal with said isolated pregnancy-specific antigenic
protein to cause said host animal to raise antibodies to said pregnancy-specific
antigenic pEotein;

d) harvesting serum proteins from said innoculated host animal; and

d) isolating antibodies to said pregnancy-specific proteins from antibodies

to non-specific human proteins.

2. The agent of claim 1 in which said proteins occurring in pregnancy-

associated matnrjal are recovered from placentas.
3. The agent of claim 1 wherein said method further comprises isolating

antibodies to said pregnancy-specific proteins from non-antibody host animal

serum proteins. . .

(]

4. A method for detecting the existence of prednancy in humans comprising

contacting serum or urine from a patient with an antibod§ to a pregnancy-specific

-
-

~ protein isolated from non-specific antibodies, and observing whether an antibody/

antigen reaction occurs, the occurrence of said reaction being indicative of

pregnancy.
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5. The method of claim 4 wherein said serum or urine is withdrawn from
said patient withjn about two months of conception.

6. The method of calim 4 wherein said serum or urine is withdrawn from
said patient within about one mdnth of conception.

7. A method of detecting the existence of pregnancy in humans comprising
contaéting serum or urine from a patient with the agent of claim 1 and observing
whether an antibody/antigen reaction occurs, the occurrence of said reaction
being indicative of pregnancy.

8. The method of claim 7 wherein said serum is withdrawn from said patient
within about two months of conception.

9. The method of’claim 7 wherein said serum is withdrawn from said patient
within about.one month of conception.

10. The method of claim 7 wherein said proteins occurring in pregnancy-

associated material are recovered from placentas.
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Enzymes immobilized
On inorganic carriers

‘Reuse of enzymes is possible if they afe attached

to water-insoluble matrices. Covalent attachment to morgan\
carriers improves structural and operational stability

as well as boosting resistance to microbial attack

by Howard H. Weetall

A technology censidercd a lahoratory curiosity only
five years ago has blossomed into what may be onc of
the major technological advances in decades.

It all began half a century ago when Nelson and
Griflin first adsorhed the cnzymie invertase to animal
charcoal and found that the “immobilized cnzyme™
stil! retained biological activity (i). Today, this tech-
nology is at a point wherc a Japancse company using
insolubilized cnzymes is commercially preparing opn-
caily active amino acids.

Conventionally, enzymes have heen used only once
in commercial processes before being either inacti-
vated or removed from the product. The substitution
of immobilized or bound enzymes would permit reuse
of the enzymes, since recovery is simplificd una pro-

‘cessing can he accomplished on a contunious basis,

reducing enzyme and labor costs. .
There are several methods by wiiich ensvmes have
been immobilized va watcr-insoluble i

on inorganic matrices fike gliss (21, bentonite. minerdl
salts (1) and charzoal (1), Other imethads include
bhonding to ion-exchange resins, cross-hmiing, adsorp-
tion foliowed by cross-linking. entrapment in & poly-
mer faidice and covalent attachment (4,5},

Until recently ol cnzvimes attached to vater- insolu-
ble mabiizes, except for the adenhed czymes, wore
atiached to organic poiveacrs, Inherent in the use of
orpanic polymeis are severai problems that have dis.
couragud the commercinlizaton of this technology
These problemis inchude: +*°

1. Susceptibility 1o pll and solvent conditions—-
many polvimers chiange eonfiguration under JAiffering
conditions, thus creating changes iv flow rares if used
in columns.

2. Suscepiibility to enzymic attack—many poly-
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riers. The,
. pimplest is adsorption. Enzyimes have been adsorbed

{ studics vere carri

- Research and Development Laboratories, Corning Glass‘Works

mers are susceptible to attack by microorganisms or
cnzymis.

3. Operational stability—many enzymes immobil-
ized ‘on oreanic polymers have poor stability under
operating conditions.

4. Particle size and condition—many matrices are
of extremely small particle size and gelatinous in
naiure.

A method of covalently attaching enzymes to inor-
panic materials has been developed in the laboratorics
of Coriung Gisss Works. The materials range from
glass to stainless stecl.

Enzvmes attached to the morpanic carriers have
iy advantages over enzymes attached to organic
pelymers. These include: I

/L Struciural suh'hlk—-lhc norganic maierinls are
not ‘uscq!l.hh to pH and solvent conditions. There.

{ fore, they will not change size or configuration during

| usage.

i 2 The inerganic matrices are pot_susceptible to
| micranial attack.

t Xoanorganic matenials can canly be shaped permit-

| ting a wide varicly of configuranonss

4. Enzymes coupled o inorganic matetials appens
to have p.euler aperational stahility.

At (‘nrmw ensymes were attiched 10 the i norean.
ic catricrs vin siline couplng srenin (6-1§) Most
icd out usng porvus 96 per cent
silica: glass particles having 40 square meters per gram
surface wien and 30 A pore dianmeter. Farticle sizos
tan ed ooam e B0 mesh. The reaction between the
porous glass woi tie shanc is scheesanically shown i
Vi b Thers s o wide vanicty of sihanes availabig hav-
mp ddlerent oneamie Tuncbional geavgps. Any cae of
thwse mav be wsed Lo coupling enzymes to inargans:
maitrals (Fig. 21.
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s were used for the_ majority of_the
ne-glass shown in Fig. 1 and the
g 2

The ymies were gencrally coupled 10 the amine
derivative through onc of the coupling mcthods
shown in Fip. 3. Although other approaches were
tricd, they were not studied in detail. By utilizing
other silancs, however, one ceald couple enzymes by
any desired method.

The enzymes insolubilized on porous glass were
characterized by classical methods for parameters
such as pH profile, kinctics and igtivation cncrgy.

pH profites differ

Every cnzyme shows optimal activity at some pH
value. Enzymes insolubilized on inorganic carriers
also give maximal activity at some pH value. How-
ever, the profites for the soluble and insoluble cazymes

" were pot always the same. Figures 4 and 5 show the
pH profiles of two protein hydrolyzing enzymes. No-
tice the difference between the native and insoluhil-
jzed cnzymes in Fig. 4. In the case of the pepsin,

however, a difference in figures is noted only hetween

a crude native and crude insolubilized derivative. How
can these diffcrences be explained?

Ephrium Katchalski has shown that when an en--
zyme is covalently attached to a charged matrix, a.
microcavironment is created. A charped matrix can
accumulate oppositely charged ions causing a concen-
tration of these ions at the carrier’s surface. Thys the
pH.at thg carrier sutface is diflccent _{romghat.in the
exiernal solution. The pH shift obscrved with the
insolubilized papain is an cxcellent example of this
phenomenon. Although the cxternal pH is 7.0, the
microcnvironment of the enzyme is at 6.0, the optimat
pH for the cnzyme.

The pepsin situation is probably similar except that
the obscrved difference between the insolubilized
crude cnzyme and the soluble material is most likely
due to the attachcd nonenzymatic matcrial which

. creates a microenvironment unlike that in which the
insolubilized crystalline enzyme is found. The glass
complicates the picture even more hecause of the

anhiydode copolymer sivows a phi optimom on the acid
side of the native cnzyme, while the glass shows a
targe shift to the alkaline region. The ceffeet a carrier
has on the apparent pH optimumy of an enzyme
supgests the possitality of tailoring a carnier specifical-
ly to permit an enzyme to operate cfliciently at an
apparent pH not optimal for that enzyme. This may
have applicability in a variety of arcas where the
enzyme cannot presently be utilized. Insolubilized en-
zyimes may also be capable of operating in the pres-
ence of relatively high concentrations of organic sol-

\
! : \

-CHg =»CH, ~CHgsCN
=CHaNH, ~CH3CHCH,0

[
~CHaNHCH,CH,y =CH,O0H
~CH, ~CHz SH '

9 -

-cHa80{ ) ~CHaNHC (O) NN,
=CH201
Fig. 2. Functional groups available on silane coupling
agents. These functional groups or derivatives prepared .

from these groups can be covalently attached to enzymes
by most known coupling methods.
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" presence of both frec amine groups and silanol resi-® . HE ?
: " ducs. The amines, however, near ncutral pH values ~0-$i-CHpGHaCHzNHz o CICCI—P 0-51-CHyCHaCH, NCS m
i will not be protonated. Also, many will be coupled to o 0 + 18U
' * the enzymes, leaving mosilysilagol residues having a ¥
t " negative charpe (FFig. 6). % D
' . The cfiect o rying carriers is graphically illus- ~0-Si-CHaCHy CHgNCS ¢ NHy - ENZYME Bt
= trated by comparing a maleic anhydride-cthylene co- 9 : e .
% polymerized alkaline phosphatase with the same en- A e
5 zyme insolubilized on glass (Fig. 7). The malcic °'5'6"°‘t°‘ ENZYME
# / : - V
o . . . ' LY A
4. ) OCH3 CHy Ao linkege e O
% ] ) & .
§F ~0-SI-OH <+ NHgCHgCHyCHySI-OCHg CHs ; ? g
' ' | 0500 Cie M2 =2-0-SULORORMC NG ™
% ! BeiatHs ; < woronecOrra” (1)
i e Glass surface 1--minopropvlirhthoxvy‘hnn - o 0
iy 1
1 1 . -&ﬁs—u«.cn.m;nn'c'@u"cro Ho(Q)- enzYME @)
'3 o o - T
o3 1 ] . ‘
D -0-Si-0~S1CH Cils CHy NHy A\ o "
: L - 0 o o o
j (|) ? -o-s'a-m.cn,cn,uucOu-uq)
) R Alkylsmine glass - . ? ENZYME
3 Fig. 1. Schematic vegre:;cnlalion ot reaclion Lctween Fig. 3. Methods most commanly employed for preparing
J 5 porous glass and y-aminopropyltricthoxysilane. enzymcs covalently conpled to inorganic carriers,
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umber of methods are availabte for
agaching inoloaically active materiais to
anmg tiomatnnal Supports The
paiticular method used may aliect the
activity of the immobilized praducl. The
samntest method s adsorption onlo the
PUEOUS SUPROFIS In a single -1 nreaction
imdnlaing hydragen and iomic bonding.
T tochmique works waoll except where
ching at the active site on a biologically
ve protein molecule is involved.
iologically active materiais can aiso
rhemically counled to the Supports.
Peiiper selection of the coupling method
reduce or ehminate loss of activity
ﬁomay result fromicactions with the
e site. Chemical coupling methods
have been widely used include
il base reaction, azo linkage, amide
ge. and thiourea linkage. Several
1ed procedures for preparing
mediates and for coupling are
below. However, the number of
gpling reactions available is imited
by the imagination of the researcher.
reactions involved in immobilizing
gical materials are carried out with
dard laboratory equipment.
actions should nQl be stitred with,
! ] as this can gring

| 1asS.

Agisorption )\ Mgfw}“ '

Ta®n4a g of GZO Biomaterial Support add
tivil@rit of a solution conlaining approxi-
rly 10 to 50 mg of active protein per
f a suitable bufler. The adsorption is
lly done in an ice bath, but can be
cd out at any temperature at which
ctive prolein is stable. The adsorption
ilitated by shaking or tumbling the
1cifition mixture for two hours. ldeally,
thepdsorption is carried oul in a fluidized
bed tor approximalely two hours. The
prajein solution is decanted; then the
glegs is washed once with water, once -
with 0 05 M NaCl solution, and several
times with water 10 remgve loosely
#hd protein. The product is stored
ungler butier solution at room tempera-
lur‘qéunlll used.

Oinemical Coupling

1. €arbonyl Intermodiatoe and Schiff
aso Coupling

: 9 ° ?
G-, 1t K- C--R C- M--+GN=CH- R--C

- l(.j!.:o GN-Cit

R CH-N-E
16 one ¢ of thy GAQ giass add 10 mi of
] ?@% anuaous glutaraldebiyde solution
®

3
-
=
e

1615831

(This reaction can bie run in an acidhc oF
nouteal soluhion). Place raachon misnbuig

"o vyacuom desicealor and evacuade

vallhvanv. oo remove ar and gas
bubbles o the pores. Altow the reaction
to procned lor approximately 30 minulns
al redunnd prosaane and room tempera-
ture, then conbinge at almospheric
pressute for 30 10 60 minutes. The
alutaraldehydoe solution is decanted and
the glass washed al ieast thiee tilnes with
walrr. The material is now ready for the
protein couplng tep

Tha coupling is usually done in anice
bath, but can be carried oul at any
ternperature at which the active protein

- is stable. A protein solution in sulable

buffer is added to the glass derivative so
that the liquid just covers the glass.
Generally 50 to 100 mg of protrinperg
of glass.is mOrS MM SBifidicnt for
coupling. The mixturc is sturried and
evacuated for approximately 30 minutes,
then continued at atmospheric pressure
for another 30 minutes. The product is
washed three times with distilicd water
or buffer and then stored under buffer
or as a wet cake in the refrigerator.

2. Aromatic Amine Inlermediate, Diazoti-
2ation, and Azo Coupling

o o ,
G-NH, + C1-C—Q)NO,~— G-NH-C-©)NO,
I:’rﬂl-_a,y‘ 9
L GHRH-C-ONN,

+ -—

o
NaNO: L 6-NH-C--ON, ©

HCt

€

——
Q
G-NH-C-ON=N--E

To one g of the GAO glass add 10 m!

ol a chloroform sotution jning 100
mg_of p-pitrobenzoyl chlgri mg
of trj 2action mixture is

refluxed for one hour; the solution is then
decanted and the glass washed three limes
with chlnrolorm. The glass can he ar
dried or heated for 30 minutes at 80°C

to remove the chloroform.

The nitrated glass is reduced by adding
10ml of a 1% aqucous sodium dithionite
solution and refluxing for 30 10 60 minutes.
The reaction solution is decanted and
the aromatic amine product washed
three times with water.

The aryl amine glass is diazotized by
adding 10 mi of 2N HCI to the glass and
cooling the reaclion mixture in anice
bath. To this mixture is added 0.25 g of
sodium nitrite; then the reaction mixture
is evacuated for gpproximately 30 minutes
to remove air and gas bubbles trom the
peres. The reaction product is dncanted
and washed with cold waler. a 1% solution
of cold suttanue acid, and twe more
times with cold water.

The dazobzed poeduet is counled wath
proteins by acdding 3 solubon cortainneg
80 10 JO0 g aclive prolein in stiliceend

v
It

butte 1 (D4 7 or qreaten 1o cover tha tlnng
The reachion s contned for GO minutes
in anacn bathy; then the solution is
decanted and the praduct washed three
limes with water. The immabilized
protein can be stored under butlor or ag
a wet cake in the refiigerator,

3 Carbcxyl Intermadinto and
Amido Coupling
o]

¢ 0 0
G NH, + [J)—-»qu—c-cu,—cu, -C—o
o

o
28 3%, gum-c-cH,-cn, -C-u bl
Q o
G-N1| -C—CM, —CH, —C—~ NH—E

To one q of the GAQ), amine glass add
JU ml of 31% aquegus succinic anhydride
solution and adjust the_pH of the reaction
mixicre to 6 with sodium hydroxide.
Maintain the pi i belween 6:7 until no
further adjustment is needed. then allow
an additional hour of reaction time al room
temperature. Wash exhaustively with
waler. Mid  Dpwrrt

To the carboxyl glass add 10mi of a
10% sotution of thionyl chloride in dry
chloreform and reflux for four hours.
Decant the reaction solution and wash
the glass three times with chioroform. Dry
the product for 30 minutes in a vacuum
oven and use for coupling shortly alter
drying.

The acid chloride product is coupled
wilh protein by adding a solution
ccnlaining 50 to 100 mg active protein in
sufticient pH 8-9 buffer 1o cover the glass.
Maintain the pH with sodium hydroxide
for approximately 60 minutes, then decant
and wash at least three times with water.
The: immobilized protein can be stored
under buller or as a wet cake in the
relrigerator.

4 isolhiocyanaie Intermediato and
Thiouroa Coupling pven

G-NH, 4 Cl=C--Ct —>G-NCS ——
$
Gohn-C N E

To.qne g'of the GAO amine glass add
50 ml_of a_10% sotution of thiophosgeon
in_chiorolorm and retlux for {our hours. <
Decant and wagh the qlns.(lhmc times
with chinrolonm, Dry T product fog 3Q, v
minutes 1D a vacuum oven and use (or
coupling shorlly afler drying.

The isothiocyanate product is coupled
with protein by adding a solution con-
taining 50 to 100 ma achve protesnin
sufticient pli 8-10 buttor to cover the
giass. Place the reaction mixture ina
varuum desiceaior andd evacunte vaih an
gL alor to remave aee aned ane bobihies.
Allow the reaction o procend lor 39 7

minutes al reducod piess 'W
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