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pr. vi n 1 POllU' 
Executive Dlrector 
oak Ridge A.soci.t.6 

Port Office Box 117 
0.h Ridge, Tcnnerrn 

Dear Dr. Pol lud :  

Uniretritier 

ORAU ORMlT m m  "LIPID W K W S  f l  lRMM LEuKb(U CELL8- 
(AEC GRANT EO. 20-10-74) , 

f l  

Your l e t t e r  of June 21, 197h, informad ua t h a t  the Corporation h u  
received one-yeu grant coeaeacinq; ~ u l r  1, W b ,  fra~ tbe f m a a i a  
Rhreuch ?oun4atlon, Inc., in tho amount of $13,500 t o  support 
portion of the di rac t  md i nd i r ec t  c o r t r  re la ted  to  the rubject 
project. The project v l l l  be under t he  d l r t c t l o n  of Dr. ?red L. 
8nydtr. 

The AEC hss detcrmlned a prop-tic 
proJect and i r  willing t o  j o i n t l y  #uppart the  pro3act through J d y  1, 
1975, by provldiw the use of AEC f n c i l l t l a r  urd equipeat, approximteb 
3% o f  Dr. Suydcr'r time, and a portion of the applicable indirect c o i f s  
(difference bctveen 85 of TDC and tbc tbtsbllrhed ORAU rate). 
approval o f t h i s  Joint support is m a d e  subject to the arrragsaente out- 
l i n e d  I n  the propard dated February U, 197b, md your letter of 
June 21, 197b. 

In t e re s t  i n  the aubjoct research 

I h e  AEC'a 

Sincerely, 

ORIGINAL SIGNED BY 
RICHARD 1. EGLI, Actin@ 

Joseph A. h n h u d ,  Director 
Research rad Technical Support M ~ i d o n  0RR:JDB 

PslcZosurer : 
1. ORAU l tr  d td  6-21-74 
2. Leukemia Research ltr dtd 6-lh-74 
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O a k  4 RiC.2e Associated t niversities 
I ncorpurtitcd a .  

P.O. Box 117 - Oak Ridge, Tennessee 37830 

June 21, 1974 Telephone 015 483-8411 

Mr.  Joseph A. Lenhard, Director 
Research and Technical Support D iv i s ion  
U. S .  Atomic Energy Comnission 
Oak Ridge, Tennessee 37830 

Subject :  NOTICE OF RECEIPT OF GRANT FROM LEUKEMIA RESEARCH 
FOUNDATION - JUNE 14, 1974 

Dear Mr. Lenhard: 

We have received a g r a n t  from t h e  Leukemia Research Foundation 
fo r  $13,500 i n  support  of a r e sea rch  p r o j e c t  in "Lipid Markers 
i n  Human Leukemic Cells" for t h e  per iod  J u l y  1, 1974 t o  
July 1, 1975. 
a ry  11, 1974. 

The proposal  was s e n t  t o  your o f f i c e  on Febru- 

The work w i l l  be c a r r i e d  out  i n  AEC f ac i l i t i e s  and some AEC 
equipment w i l l  be used on the  p r o j e c t .  D r .  Fred Snyder w i l l  
provide technica l  guidance t o  t h e  p r o j e c t  of up t o  5% of h i s  
time but  no charge w i l l  be made t o  t h e  grant .  A l l  o the r  assigned 
personnel w i l l  be co rpora t e  employees. 

The g r a n t  provides maximum overhead of 87: of d i rec t  cos ts .  It 
is requested t h a t  t h e  d i f f e r e n c e  i n  t h e  amount of overhead c o s t s  
provided by t h e  g r a n t  and the  a c t u a l  c o s t s  be borne by t h e  AEC 
Medical Divis ion FY 1975 budget. This amount is approximately 
$3,600. 

Your j o i n t  support  of t h i s  p r o j e c t  i s  requested as p a r t  of the 
es t ab l i shed  l i p i d s  program. 

Copy of the  gran t  award is  enclosed. 

ROSE : dh 

1 0 3 b 3 4 9  

W i l l i a m  G. P o l l a r d  
Execut ive Direct or 

mtr874 
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research foundation, inc. 
333 N. Michigan Avo. Chicogo, Illinois 60101 PRonklin 2-2186 

COUNCl L (LEUKEMIA RESEARCH FOUNOATlONl 

June 14, 1974 

D r .  F red  L .  Snyder 
Head B i ologi cal Cherni s t  r y  
Nak Ridge Asscrciated U n i v e r s i t i e s  
P .  0.  Box I17 
Oak Ridge, Tennessee 37830 

Dear D r .  Snyder: 

Thank you f o r  y o u r  l e t t e r  o f  June 5th.  I am happy to  
r e p o r t  t h a t  f und ing  for  your  p r o j e c t  .has been approved. 

P lease r e f e r  to my l e t t e r  o f  May 2 8 t h  f o r  d e t a i l s  about 
p r e s e n t a t i o n  o f  your  check, We w i l l  a p p r e c i a t e  hea r ing  f r o m  you 
j u s t  as soon as p o s s i b l e  and hope t o  have the  p leasure o f  see ing  
you t h i s  coming week end. 

S i n c e r e l y  yours,  ' 

LEUKEMIA RESEARCH FOUNDATION, INC. 

@OUR L. KRAMER, Chai m a n ,  
Medica l  Adv iso ry  Board Committee 

SLK: s 
cc: M r .  W. C. Pollard 

1 0 3 b 3 5 0  
R E M E M B E R , T H E R E ' S  NO C U R E  F O R  L C U X E M I A . .  .YET ! 



OAK RIDGE ASSOCIATED UNIVE.RSITIES 

OAK RIDGE, TENNESSEE 37830 

1NCORPORATED 
P. 0. BOX 117 

CODE 61: 
-ONE 483-W1! February 11, 1974 

-rl 

Mr, Joseph A. Lenhard, Director 
Research and Technical Support Division 
U. S. Atomic Energy Cdssion 
Oak Ridge, Tennessee 37830 

Subject: RESEN2U-l PRoposAL ENTITLED "LIPID MARKERS I N  MIMAN LEUKENIC 
CELLS" 

7 Y  Dear Mr. Lenhard: 2 p l o d  
, 

Enclosed are three copies of the' above referenced research proposal 
Research Foundation, Inc., 
proposal was  forwarded t o  your 
Dr. Benson of your staff  notified 

, 

which we are forwarding t o  the 
Chicago, Illinois. A draft 
office for review on 
Mr, Crockett of the Medical Division that the proposal w a s  approved and 
could be forwarded t o  the Leukemia Foundation. 

The proposed research w i l l  be carried out in AEC faci l i t ies  operated 
by the Oak Ridge Associated Universities' Medical Division. We shall 
keep you informed of the Fomdation's action relative to  this  proposal 
and shall be prepared to  consider with you any special arrangements the 
Canmission may wish t o  make in order that the work may be carried out in 
AEC facil i t ies.  

Sincerely yours, r\ 

W i l l i a m  G. Pollard 
Executive Director 

1 0 3 b 3 5 1  



FEB 1 5  1974 

--- 

r\ CCr c. w. Hill .+.,iJ 

1 0 3 b 3 5 2  



OAK RIDGE ASSOCIATED UNIVERSITIES 

OAK W E ,  TENNESSEE 37830 

a J c o u o u T I D  
r. 0. Box u7 

AIBA COD8 U5 . 
THUVHONB 483-8411 

kebruary 11, 1974 

iu. seymaur L. K m w  
666 North Lake shore Drive 
Chicago, IllInois 60611 

abject: R E S M C h  PROP-AL ENTITLED "LIPID W E B S  IN 
HUMAN LEUKEMIC CELLS" 

CIearDr. Kramer: 

be are 8ubrnlUlng for your coaelderation 14 coples of art appllcatlon 
for support of a research project entitled "Lipid Markera in Buman 
Leukemic Sells. 
of OUT hdedld  Diviaion staff. 

The project would b eupervimd by Dr. Fred L. Snyder 

Oak Ridge Associated Universitles As a nonprofit corporation eparsorwi 
by 42 Southern universities. The major portlou of its activities are carried 
out under a lmg-term operating contract wlth the U. S. Atomic Znergy 
Commissim. Thta proposed research would be carried aut in AEC-owned 
facllltles. Thee0 kclUtier, lnS0fa.r aa they may be roqihd for work d e r  
this proposal, may be u88d only 88 the A2C approve, aU AEC contract 
contemplates the possibility of our performhg ruch work under Ate tarmo u 
xzay be agreed upon between ASC and the Leukemia Reeearch Faundatlon and 
no charge would be made for u e  of government-owad faaillties. 

If questiau u i e e  &ring the review of thia p r q m s d ,  pleasr cb not 
beitate to oall Dr. Fred Q;pyder (AC 615 483-8411, extm~~icm 291). 

Eno~oeurar 
bc: Mr. Lenhard, AEC/ORO 

Executive Office 

Mr. Rose Dr. Andrews Dr. Snyder Mr. Crockett 
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. T I T L E  OF PROJECT: 

"Lipid Markers in Human Leukemic Cells" 

. NAME OF PRI NCI PAL I NVESTl GATOR: Fred L. Snyder 

DEGREE: ph. 0, 

OFF1 C l A L  P O S I T I O N  AND DEPARTMENT: Chief Scientist 
Biological Chemistry 

MA1 LI NG ADDRESS: Medical Division 
Oak Ridge Associated Universities 
P. 0. Box 117; Oak RSdge, Tennessee 37830 

; . NAHE OF APPLl  CANT'S ORGAN1 Z A T I  ON: 

333 N. Mithigon Ave. Chicogo, lllinoir 60601 FRonklin 2-2186 

COUNCIL (IEUREMIA RESEARCH FOU~DATION) 

A P P L l C A T l O N  FOR A GRANT I N  LEUKEMIA RESEARCH 
(14 C O P I E S  TO BE SUBMITTED.) 

DATE: 11 February 1974 
DATE PROJECT IS TO B E C I H :  July 1974 

Oak Ridge Associated Univers I -,es 

ADDRESS: P. 0. aox 117 
Oak Ridge, Tennessee 37830 

+. NAYE AND T I T L E  OF O F F I C I A L  RESPONSIBLE FOR A D f i l N l S T R A T l O N  CF 
RESEARCH FUNDS: 

William G .  Pollard 
Executive Director 

j .  DOES RESEARCH I NVOLVE HUMAN SUBJECTS? Y E W  X NO 
(+: I F  YES - WRITTEN APPROVAL O F  THE INSTlTUTlONAL HUflAN INVE3TIGATIONS 

COMMl TTEE SHOULD BE ATTACHED. ) 

1 5 I GNATURE OF APPL I CAflT 
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LEUKEMIA 
rsroo~h feundotion,inc, 3 

c 
333 N. Mkhigon Avo. Chkogo, Illiroi, 60601 FRonklin 2-2\86 

COUNCIL (LEUKEMIA RESARCH FOUNDA,TIoW) 

- 2 -  

;. BUDGET: (NOTE THAT GRANT I S  FOR ONE YEAR.) 

A .  PERSONNEL: B.S. technician $13,000* ( fu l l  time) 
Laboratory aide $4,000* (one-half time) 

'Salaries i ncl udes 17% f ri nge benef i ts . 
6 .  EQU I PHENT: 

None 

c .  SUPPLtES: $2,200 

D. OTHER EXPENSES I T E M I Z E D :  Travel $300 

E. I NSTl TUTl OWL OVERHEAD: 
(NOT TO EXCEED 8%) $1,560 

F. TOTAL AHOUNT REQUESTED: $21,060 

7 .  J U S T I F I C A T I O N  FOR REQUESTED ITEMS (A ,  6 ,  c ,  0) .  
SHEETS I F NECESSARY. 

USE A D D l T l O K N  

A. Personnel 
1 .  One B.S. technician is  required to  carry out the analytical and 

enzymatic assays. Th i s  person will be responsible for  
coordinating sample collections w i t h  the cl inical  chemistry and 
hematology laboratories. 

2. One-half time laboratory aide i s  required f o r  glassware washing 
and related service requirements associated w i t h  this project. 

Radioactive compounds (fat ty  acids, fa t ty  alcohols, ethanolamine, 
and choline) $1,000 

C. Supplies 
1. 

2. Glassware $300 
3. Cofactors f o r  enzyme assays $600 
4. Miscellaneous chemicals $300 

D. Other Expenses: Travel t o  present f ind ings  a t  e i ther  the FASEB 
meeting or the American Association for  Cancer Research meeting 
$300 

1 0 3 b 3 5 5  
REMtMBER.TWERf'S NO CURE FOR LEUKEMIA.. .YET t 



mrearch foundation, inc. 
333 N. Michigon Ave. Chicago, Illinois 60601 FRonLlin 2-2186 

COUNCIL (LEUKEMIA RESEARCH FOUNDATION) 

- 3 -  

8 .  CONCISE DESCRIPTION OF I N ~ T l T U T l O N A L  F A C I L I T I E S  AVAILABELE FOR 
THI S I NVESTl GAT1 ON: 

3ur labora tor ies  are w e l l  equipped fo r  biochemical inves t iga t ions .  
nost s i g n i f i c a n t  equipment i tems inc lude an i n f ra red  spectrophotometer, l i q u i d  
s c i n t i  1 l a t i o n  spectrometers, p repara t ive  u l t racen t r i f uges  w i t h  a B - X X I X  zonal 
r o t o r  and other conventional r o t o r s ,  gas-1 i q u i d  chromatographs , a t h i n - l a y e r  
chromatography zonal scraper, automatic freeze-dryers , a 1 i q u i d  n i t r o g e n  
r e f r i g e r a t o r ,  a t i ssue c u l t u r e  room w i t h  incubators, laminar-f low hoods, 
Beckman DU spectrometers, photodensi tometers, and a complete 1 i n e  o f  t h in - l aye r  
chromatographic equipment. I n  a d d i t i o n  t o  t h e  equipment i n  our labora tor ies ,  
rJe a l so  make use o f  a nuc lear  magnetic spectrometer, zonal cen t r i f uges ,  a mass 
spectrometer, an a n a l y t i c a l  u l t r a c e n t r i f u g e ,  and an e lec t ron  microscope i n  
other sections of our D i v i s i o n  and a t  t h e  Oak Ridge National Laboratory. The 
mass spectrometer, whi ch i s  connected t o  a gas-1 i a u i d  chromatograph, i s  avai 1 ab1 e 
t o  our  group through a c o l l a b o r a t i v e  arrangement w i t h  D r .  W. T. Rainey, Jr., who 
i s  located a t  the Oak Ridge Nat ional  Laboratory Analy t ica l  D i v i s i o n  i n  Oak Ridge. 
E lect ron microscopic and pa tho log i c  serv ices are a l s o  r e a d i l y  a v a i l a b l e  i n  our 
Yedical D iv is ion  and a t  t he  Oak Ridge Nat ional  Laboratory. 
these areas has been amply demonstrated i n  our  published work. 

Some o f  the 

Co l labora t ion  i n  

j .  OTHER RESEARCH SUPPORT: ( L I S T  SHOULD ALSO INCLUDE PENDING 
APPLICATIONS WITH EXPLANATION OF T H E I R  STATUS.)  

The major source o f  support f o r  t he  Medical D i v i s i o n  o f  Oak Ridge Associated 
Un ivers i t ies ,  inc lud ing i t s  program i n  biochemistry, i s  through a cos t  
reimbursement contract w i t h  t h e  Uni ted Sta tes  Atomic Energy Comnission (USAEC). 
None o f  the d i r e c t  costs requested i n  t h i s  app l i ca t i on  can be au thor ized  by the 
USAEC under i t s  programmatic ob jec t ives .  The laborator ies and equipment w i t h  
dhich the proposed research would be c a r r i e d  o u t  are the proper ty  o f  t he  United 
States Government and can o n l y  be used f o r  o the r  work t o  the  e x t e n t  approved by 
USAEC. A grant from the Nat iona l  I n s t i t u t e s  of Health f o r  continued support on 
Biosynthetic Mechansisms for  Ether Bonds i n  Lipids,  b y  1, 1973 through A p r i l  30,  
1974 ($24,761*) and a g ran t  from t h e  American Cancer Society on The Occzirreme, 
Yetabotism, and Function of Ether-Linked CZyceroZipids i n  Neoptasms , December 1, 
1973 through November 30 ,  1974 ($47,950*) a r e  cur ren t ly  funded. These funds are 
not ava i lab le  f o r  the c l i n i c a l  s tud ies  o u t l i n e d  i n  t h i s  proposal. 

* Includes i n d i r e c t  costs. 

1 0 3 b 3 5 b  
REMEMDER, THERE'S NO CURE FOR LEUKEMIA. .  .YET I 



LEUKEMIA 
rsreanh foundation, inc. 
333 N. Michigan Ave. Chicago, Illinoit 60601 fRonklin 2-2186 

COUNCIL (LEUKEMIA ALSLARCH FOUNDATION) 

- 4 -  

PREVl OUS GRANTS SUPPORT1 NG T H I  S PROJECT: 
I NCLUDI NG LEUKEMIA RESEARCH FOUNDATI ON, I NC. ) 

None 

( L I  ST ALL GRANTS 

( 0 3 b 3 5 1  
R W E M D E R ,  THERE'S NO CURE FOR LEUKEMIA.. .YET I I -  C 



LEUKEMIA 
~ S O W C ~  foundation, inc. 
333 N. Michigan Avo. Chkogo, llhnoir 60601 FRonLlin 2-2186 

COUNCIL (LEUKEMIA R E S U R C H  FOUNDATlON) 

- 5 -  

1 . CURRI CULUM V I T A E  OF PRI  N C i P A L  I NVESTl GATOR AND ALL C O - l  NVESTIGATORS: 
(NAME, BIRTHDATE, B I R T H  PLACE, C I T I Z E N S H I P ,  PROFESSIONAL EDUCATION 
AND EXPERIENCE, L I S T  OF PUBLICATIONS FOR LAST 5 YEARS. )  ATTACH 
ADD1 T I  ONAL SHEETS FOR CO- I NVESTl  GATORS. 

(See Appendix I ) 

1 0 3 b 3 5 8  
REMEMBER,TWERE'S NO CURE FOR LEUKEMIA.. .YET I 
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lether-linked lipids and their enzymes as potential markers for clinical specimens 

rsseonh foundation.inc. 
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333 N. Mickigon Avo. Chicago. Illinoie 60601 Flonkiin 2-2100 

COUNCIL (LEUKEMIA RESEARCH FOUNDATION) 

- 6 -  

12. DESCRIPTION OF RESEARCH ~ R O J E C T :  (USE A S  MANY ADDITIONAL SHEETS AS 
ARE NECESSARY TO FURNl  SH FULL I NFORHATION AS FOLLOWS: 
OBJECTIVE,  S I G N I F I C A N C E  FOR LEUKEMIA RESEARCH, REFERENCES, 
DESCRIPTION OF CONTRIBUTION OF OTHERS I N  T H I S  F I E L D  OF RESEARCH.) 

SUMMARY, 

at various stages of malignancy. 
limited experiments and, therefore, we have only been able to contribute a small 
amount of staff time to these potentially important clinical aspects of the 
problem. 
Appendix 111) from patients with chronic lymphocytic leukemia and chronic 
granulocytic leukemia has indicated that such cells show the same characteristic 
increase in ether-linked lipids and their biosynthetic enzymes that have been 
apparent in all of our experiments with transplantable, chemically induced, and 
virally induced animal tumors. We believe that support for detailed studies in 
this field with clinical material could yield important results in the area of 
early cancer detection. 
In the proposed investigation we would assay &-alkyl and O-alk-l-enyl synthesizing 
enzymes in whole blood and in cellular material (total ana purified cell types) 
from normal individuals and patients afflicted with chronic and acute forms of 
leukemia. In connection with these enzyme assays, we also plan to carry out a 
detailed analysis of the lipid classes and their fatty acid composition to see i f  
any distinguishing characteristics can be detected at various stages o f  developmen: 
and treatment of different types of leukemia. 

In the past we have only had support for 

Some recent preliminary work with leukemic cells (see attached 

REMLMBER,THERE’S NO C U M  FOE LEUKEMIA.. .YET I 

INCLUDE A CONCISE ONE PARAGRAPH DESCRIPTION,  I N  LAY TERMS, OF YOUR 
RESEARCH PROJECT AND I T S  POTENTIAL FOR FURTHERING UNDERSTANDING 
AND KNOWLEDGE OF LEUKEMIA.  

A. Background 
During the mid-1960’s. our group detected and identified significant quantities 
o f  the ether-linked glycerolipids in a variety of neoplastic cells from animals 
and humans. These rather unusual lipid structures are not prevalent in n o m 1  
tissues; the enclosed figure (Appendix 11) indicates the presence of 
a1 kyl di acyl glycerol s in tumors and the1 r absence in normal cell s . Our 1 aboratory 
has elucidated the enzymic pathways responsible for the synthesis of ether lipids 
and we have demonstrated that these reactions represent a prominent biosynthetic 
route in neoplastic cells of both animal and human origins. Although the 
significance of the high levels of ether-linked lipids in neoplasms is unknown, 
these lipids appear to be closelv connected with malignancy, i .e., they are 
highest in the most malignant cells. 
might be related to the properties of the surface membranes of metastatic czlls 
that make them resistant to catabolic enzymes, e.g., phospholipases. 

The extremely stable ether-linked lipids 

B. Sumnary of Project and Objectives 
We would like to a m l v  our basic expertise to evaluate the usefulness of the 
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12. 
A sizable segment of the clinical group's effort at the Medical Division 
deals with patients who have leukemia or other hematologic malignancies 
Therefore, we anticipate that a large series of patients with different 
types o f  leukemia can be evaluated in this project. Additional clinical 
samples are also available from hospitals in Knoxville through arrangements 
with the East Tennessee Cancer Research Center. Since the clinical chemistry 
group is under the direction of our Biological Chemistry Department, we will 
also have excellent access to samples from patients and healthy individuals 
who do not have hematopoietic disorders. 
exploit all facets of ether lipid metabolism in normal and malignant blood 
cells from humans to see if any o f  the enzymes, precursors, or products 
involved in these pathways presage the development of leukemia. The 
methodology that will be used is described in following sections. 
C. Sumnary of Methodology 
1. 
Total lipids will be extracted and purified from lyophilized tissues with 
ch1oroform:methanol (2:1, v/v) by the procedure of Bligh and Dyer (1). The 
a1 kyl- and a1 k-l-enyl-glycerols, librated from neutral or phosphoglyceride 
fractions and individual lipid classes by LiA1H4 reduction and separated by 
thin-layer chromatography ( 2 ) ,  will be quantitated by photodensi tometry. We 
will use the procedure described by Van Golde and Van Deenen (3) to determine 
molecular species o f  phospholipids in the various cell types. The mass of 
all major lipid classes will be quantitated by photodensitometry (4) or by 
determining the phosphorus content (5). 
formed by LiAlH,, reduction of individual lipid classes will be purified by 
preparative chromatography on Silica Gel G in a solvent system of diethyl 
ether saturated with water. In metabolic experiments with radioactive 
precursors, the distribution o f  radioactivity in lipid classes will be 
quantitated by scanning entire chromatographic lanes in 2-mn increments (6). 
Isopropyl idene derivatives of the a1 kylglycerols ( 7 ) ,  fatty aldehydes 
liberated from alk-l-enylglycerols (8 ) .  acetates of the fatty alcohols (9), 
and methyl esters of the fatty acids (9) will be prepared and quantitated 
by gas-liquid chromatography. Gas-liquid chromatography will resolve these 
derivatives according to chain length and degree o f  unsaturation on 10% 
EGSS-X coated on Gas-Chrom P under conditions identical to those described (9). 
A Victoreen 4000 series gas-liquid chromatograph equipped with a dual hydrogen 
flame will be used for these analyses; radioactivity will be collected in 
glass micropipettes (filled with glass wool saturated with chloroform) 
attached t o  a splitter (9:l) at the end of the column. The radioactivity 
collected in the micropipettes will be quantitatively transferred to a vial 
with chloroform and the solvent removed under vacuum. 
will be measured in liquid scintillation spectrometers after a scintillator 
fluid is added (10). The principal chemical procedures used to study alkyl 
and alk-l-enyl lipids isolated from metabolic systems are sunarized in the 
two schemes shown below. 

The aim of this proposal is to 

Extraction, chromatography, and analyses of lipids 

A1 kyl- and a1 k-l-enyl -glycerols 

The radioactivity 
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12. 

1 

Analysis of a1 kyl glycerol i pids 

Analysis o f  a1 k-1-enyl glycerolipids (plasmalogens) 
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12. 
References 
1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 

Bligh, E. G. and Dyer, W. 3. 
Wood, R. and Snyder , F. 
Van Golde, L .  M. G. and Van Deenen, L. L. M. Biochim. Biophys. Acta 125: 
496 (1966). 
Privett, 0. S. and Blank, M. L. J. A m e r .  O i l  Chern. SOC. 39: 520 (1962). 
Rouser, G,, Siakotos, A. N . ,  and Fleischer, S. Lipids I: 85 (1966). 
Snyder, F. and Kimble, H. A n a t .  Biochem. II: 510 (1965). 
Hanahan, D. J., Ekholm, J., and Jackson, C. M. Biochemistry 2:  630 (1963). 
Wood, R.  and Harlow, R. J .  L i p i d  Res. 4 :  463 (1969). 
Snyder, F. and Blank, M. L. Arch. Biochem. Biophys. 130:  101 (1969). 
Snyder, F., Blank, M. L., Malone, B., and Wykle, R. L. J. Biot. Chem. 245: 
1800 (1970). 

Can. J. Biochem. Physiot.  37: 911 (1959). 
L i p i d s  3:  129 (1968) 

2. Biochemical procedures 
Organelles will be prepared by well known and established conventional and 
zonal centrifugation procedures that have been used in our laboratories for 
many years. 
described for the biosynthesis (1) or biocleavage (2,3) of alkylglycerols. 
The biosynthesis of plasmalogens in similar systems will be investigated ( 4 ) .  
The cleavage o f  plasmalogens will also be assayed (5,6). 
References 
1. Snyder, F., Malone, B., and Blank, M. L. 
2. Tietr, A . ,  Lindberg, M., and Kennedy, E. P. 
3. Soodsma, J. F., Piantadosi, C., and Snyder, F. J. BicZ. Chem. 247: 3923 
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D. Relationship o f  the Contributions of Others to This Field 
Since the discovery of enzymic systems that synthesize alkyl glycerolipids 
(1,2), other similar systems have also been found in a variety o f  preparations 
of biological origin (3,4). Biosynthesis of the 0-alkyl linkage occurs when 
DHAP and fatty alcohols are incubated with CoA, ATP, Mg*, and the enzyme 
source. However, Hajra (5) and later our laboratory (6), demonstrated that 
the acyl moiety of acyl-DHAP can be displaced by free fatty alcohols in the 
presence of Mg++. Murooka and colleagues (7) have also obtained data for the 
a1 kyl ation of homoseri ne that supports the pri nci pl e o f  thi s mechani sm. We have 
determined that the entire chain o f  the alcohol (9), including the oxygen (lo), 
replaces the acyl group. 
The potential precursor role of 0-alkyl lipids in plasmalogen bio6ynthesis had 
been implicated from a number of-in vivo studies carried out with 3H/14C-labeled 
a1 kylglycerols (11,12) and [l-l4C]-1-al kyl-2-acyl-sn-glycero-3-phosphoryl- 
ethanol ami ne (1 3). Recent enzyme studies have nowyhown that a1 k-1 -enyl 
(plasmalogen) linkages in  glycerolipids originate from the alkyl grouping via 
a mixed-function oxidase in tumors (14) and intestinal mucosa (15). The 
substrate is an intact a1 kylethanolamine-containing phosphatide (1-a1 kyl-2-acyl- - sn-glycero-3-phosphorylethanolamine) and the requirements for the reaction are 
molecular oxygen and NADPH; a soluble cytoplasmic factor, ATP, and Mg* also 
stimulate this conversion. The cytochrome b5 electron transport system instead 
of the P-450 system has been implicated for the alkyl desaturase (14) and in 
this respect is similar to that found for fatty acid desaturase (16). 

For enzymic assays, we will use the basic incubation system 
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J .  Bioi!. Chem. 239: 4081 (1964). 
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E. Relevance of P r o j e c t  t o  Fur ther ing  Our Understanding and Knowledge o f  
Leukemia 

I n  add i t ion  t o  the  usual es te r  bonds i n  l i p i d s  produced by most healthy c e l l s ,  
cancer c e l l s  produce 1 i p i d  components t h a t  also conta in  s i g n i f i c a n t l y  higher 
quan t i t i es  o f  e ther  bonds than t h a t  found i n  normal c e l l s .  
years our group has been able t o  determine the enzyme sequence i n  cancer c e l l s  
t h a t  accounts f o r  t h e  format ion o f  the complex e the r - l i nked  l i p i d s  from simple 
precursors, f a t t y  a1 coho1 s and dehydroxyacetone-P. 
the  alcohols themselves are der ived from c e r t a i n  long-chain fa t t y  acids i n  
the  tumors. The o the r  precursor, dehydroxyacetone-P i s  produced from glucose, 
when i t  i s  used as an energy source. 
t i s s u e  cul t u r e  systems have ind i ca ted  t h a t  the metabol i c changes t h a t  cause 
the  ether l i p i d s  t o  b u i l d  up i n  tumor c e l l s  occur a t  an e a r l y  stage of the 
neoplast ic  process and t h a t  the  enzymes involved might be unique sens i t i ve  
biochemical markers f o r  the  e a r l y  de tec t ion  o f  leukemia and could a l so  be 
use fu l  markers f o r  mon i to r ing  the  disease during therapy. 
f a c i l i t i e s  a t  t he  Medical D i v i s i o n  o f  Oak Ridge Associated U n i v e r s i t i e s  and 
o the r  hosp i ta ls  p a r t i c i p a t i n g  i n  the  East Tennessee Cancer Research Center 
w i l l  be the source o f  blood samples from pat ien ts  w i t h  leukemia and other 
hematologic malignancies, as we1 1 as those samples ob ta ined from heal thy  
i nd i v idua ls .  Both the  biochemical and hematologic r e s u l t s  w i l l  be c a r e f u l l y  
corre la ted.  The u l t i m a t e  goal i s  t o  determine whether any o f  the  newly 
discovered enzymes invo lved i n  the  metabol ism o f  ether-1 i n k e d  1 i pids can be 
used t o  character ize e a r l y  malignant changes t h a t  occur i n  human blood ce l l s .  

During the  past 5 

We have a1 so shown t h a t  

Results obtained w i t h  animal tumors and 
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12. 
Although the major emphasis o f  this project is directed toward an enzymatic 
diagnostic approach f o r  leukemia, we expect to obtain new fundamental knowledge 
about the leukemic process. 
in leukemic leukocytes could lead to the development o f  analogs of metabolic 
intermediates that have therapeutic potential. 

A sound understanding of ether lipids and membranes 
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FIGURE LEGEND 

Representative thin-layer chromatogram of total 1 ipids from normal tissues 
and tumors. 
sarcoma (human), Morris hepatoma 8994 (rat), Morris hepatoma 7777 (rat) , 
spontaneous rat tumor, preputial gland tumor ESR-586 (mouse) 
ascites cells (mouse). 
glycerols; the spots directly below the a1 kyldiacylglycerols are triacylglycerols. 
A solvent mixture o f  hexane:diethyl ether:acetic acid (90:10:1, v /v )  was used f o r  
development, and Silica Gel G was the adsorbent. 

The abbreviated notations above each lane designate retlculum-cell 

and Ehrl ich 
The arrow indicates the location of the alkyldiacyl- 

[From: Ether Lipids: Chemistry and Biotogy (F. Snyder, Ed.) , Academic Press 
pp-273-295, 1972. ] 
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Ident. No. 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

To: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities a d  
Oak Ridge National Laboratory 

11 February 1974 Date 
Fred L. Snyder Principal Xnveistiptor: 

Co-Investigators : 

Title of Project: LIPID MARKERS IN HUMAN LEUKEMIC CELLS 

Use Followina Format (Submit Original and 8 Copies) 

I. Objectives of Experiment: 

(Include statement why experiment must be done in humans, and 
expected b e f i t s  from the knowledge.) 

11. Methods of Procedure: 

Brief description of methods, all medications including name and 
dose range, number and @pes of subjects anticipated, time for 
single session, total number of sessions, total duration of study, 
methods used to screen subjects, etc. 

III. Possible Hazards and their Evaluation: 

IV. RadioisdoDes and New DNES 

If the study involves radioisotopes, indicate action of the Isotopes 
Committee. If new dmga are involved, indicate that appropriate 
application to FDA has been made. 

See page 2 
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I. Objectives of Experiment 

In the proposed investigation we plan to assay O-alkyl and c-alk-l-enyl 
synthesizing enzymes in whole blood and fn puriTied cells from normal 
individuals and patients afflicted with chronic and acute forms of 
leukemia. In connection with these enzyme assays, we also plan to 
carry out a detailed analysis of the lipid classes and their fatty 
acid composition to see i f  any distinguishing characteristics can be 
detected at various stages of development in different types of leukemia. 

11. Methods of Procedure 

Only blood samples will be analyzed. Typical volumes will range from 
5 to 50 ml depending on the type of analysis to be carried out. 
total number of samples will depend on the number of patients available. 

The 

111. Possible Hazards and their Evaluation 

No hazards will be involved, since the analyses will require blood 
sampling procedures that are identical to those used for other clinical 
chemistry assays. 

I V .  Radioisotopes and New Drugs 

None. 
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--. Title of Project: 

Ident. No. 

LIPID MARKERS I N  HUMAN LEUKEMIC CELLS 

V. Responsibility of Princitbd Investisstor: 

Include etatement of your procedures for protecting rights of the 
patients and gaining informed consent. 

The principal investigator will follow the procedures of the Committee 
on Human Studies in ol#aining "informed consent" from the subjects 
under study. The investigator recognizes that he retains the primary 
responsibility for safe-guarding the interests of the participants under 
study. Any significant changes in methods of procedure or of the 
development of unexpected r isks  will be brought to the attention of 
the Committee on Human Studies. 

StartingDate 1 July 1974 

Signatures: L Principal Investigator 

Co-Investigator 

11 

DIVISION REVIEW: 

The application described above ha8 been reviewed and approved. 

Official signing for the institution: 

e 

Title Medical Division 

Institution 0- ASSOC iated Universities 

Date Fe-. 1974 - 

l O 3 b 3 8 0  
(Revised January 1972) 



February 11, 1974 

Leukemia Research Foundation, Inc. 
Chicago, Illinois 

A s  chairman of our committee on Human Studies I am able to state that this 
committee will approve of Dr. Snyder's application. Since it involves only studies 
on blood samples of modest size, it is not necessary for the committee to meet in 
advance of sending the application. However, we will meet and approve the work 
before the work actually starts. 

r l  ,+ i 1 c C - *  1. r 2 . 7  4 h 
I' 

Gould A. Andrew4 M.D. 


