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Universities SRS

Qctober 27, 1981

Dr. William R. Bibb, Director
Research Division

Department of Energy

Oak Ridge, TN 37830

Subject: GRANT APPLICATION TO NIH FOR A PROJECT ENTITLED LIPID METABOLISM
IN TPA-DIFFERENTIATING LEUKEMIA

Dear Dr. Bibb:

Enclosed are three copies of the subject grant application to NIH. The
proposed project will be carried out under the direction of Dr. Myles Cabot.
Draft copies of this application were forwarded to your office for review
on September 18, 1981, and approval for formal submission was given by Dr.
Richard Benson on September 29.

Should this project be approved by NIH, the work will be carried out
under policies and procedures previously established between ORAU and DOE.

We will keep you advised of NIH action on this proposal.

Sincerely,

ifliam E. Fell ng
Acting Executive Director
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Oak Ridge Post Office Box 117
Ass.ociate.d Oak Ridge, Tennessee 37830 Executive
Universities . Telephone 615 576-3300 Office

October 27, 1981

Division of Research Grants
National Institutes of Health

U. S. Public Health Service -
Bethesda, Maryland 20205

Gentlemen: R
We are submitting for your consideration seven copies of a grant
application entitled Lipid Metabolism in TPA-Differentiating Leukemia.
This project will be supervised by Dr. Myles Cabot. This grant is being
submitted in place of an earlier submission by the same title and assigned
NIH No. 1 ROl CA 29153-01. We request that the earlier application be
withdrawn from consideration. The enclosed proposal has been re-written

based on critical review of the earlier version. Bob Hawkins advised that
Dr. Cabot request this substitution. '

_ Oak Ridge Associated Universities 1is a nonprofit corporation sponsored

S& 51 Southern colleges and universities. The major portion of its activities
are carried out under a long-term operating contract with the U. S. Department
of Energy. Certain conditions arising from this relationship between ORAU and
the DOE are set forth on pages 10 and 11 of this application.

1f questions should arise during the review of this probosal, please do
not hesitate to call Dr. Cabot at area code 615, 576-3122.

Sincerely, - . !

Original Signsd By
WRAAM E FELLING
William E. Felling
Acting Executive Director

br
Enclosures

cc: Dr. Thaddeus Domanski
Chemical and Physical Carcinogenesis Branch
Division of Cancer Cause and Prevention
National Cancer Institute
Bethesda, Maryland 20205

bec: Dr. William R. Bibb DOE ORO (3) <& '
Executive Office
G b W. F, Countiss
‘ 0 1 q b M. Cabot
B. Rvan
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FORM APPROVED
O.M.B. NO. 58-RD243

DEPARTMENT OF HEAL TH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

GRANT APPLICATION

FOLLOW INSTRUCTIONS CAREFULLY

LEAVE BLANK

TYPE

ACTIVITY NUMBER

REVIEW GROUP

FORMERLY

COUNCIL. BOARD (Month, year

DATE RECEIVED

1. TITLE OF APPLICATION (Do not exceed 56 typewriter spoces)

LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA

2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT lx l NO l YES (If "'YES,'" store RFA number and/or onnouncement title)

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

3a. MAME (Last, first, midd e
CABOT, Myles C.

3b. SOCIAL SECURITY NUMBER

3c. MAILING ADDRESS (Street, city, state, zip codel

Medical and Health Sciences Division
Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, Tennessee 37830

3d. POSITION TITLE

Biochemist

Jo. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT

Biological Chemistry

3f. TEL EPHONE (Area cde, number and extension) 39. MAJOR SUBDIVISION
615, 576-3122 Medical and Health Sciences Division
4. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA INVOLVED| 5. RECOMBINANT DNA RESEARCH SUBJECT TO NIN GUIDELINES
[x]no [TTYES (1f “YES,” form HEW 596 required) [x] No [7] ves
6. DATES OF ENTIRE PROPOSED PROJECT PERIOD 7. TOTAL DIRECT CO5TS RE- |B. DIRECT COSTS REQUESTED FOR
{This appli cotion) QUESTED FOR PROJECT FIRST 12MONTH BUDGET
PERIOD (from poge 5) PERIOD (from poge 4)
Frem: 1 July 1982 Theough: 30 June 1985
$220,000 569,400
9. PERFORMANCE SITES (Orgonizations and oddresses) 10. INVENTIONS (Competing continuation application only}
Medical and Health Sciences Division - Were any inventions conceived or reduced to practice during the course
of the project?
Oak Ridge Associated Universities
P. O. Box 117 NO D YES - Previously reported
Oak Ridge, Tennessee 37830 VES - Not previously reported
11. APPLICANT ORGANIZATION (Name, address, and congressiondl
district)
Oak Ridge Associated Universities
P. 0. Box 117
Oak Ridge, Tennessee 37830
12. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR Third Congressional District
INSTITUTIONAL GRANT (See instructions) 13, ENTITY IDENTIFICATION NUMBER
1620476816A1
EE Description: 14, TYPE OF ORGANIZATION (See instructions)
. . L. Private Nonprofit
{Medical and Health Sciences Division) Public (Specify Federal, State, Local):
15, OFFICIAL IN BUSINESS OFFICE TO BE NQTIFIED IF AN 16. OFFICIAL SIGNING FOR APPLICANT ORGANIZATION (Name, tite,

AWARD iS5 MADE (Nome, title, address ond telephone number.)
William F. Countiss

Head, Office of Fiscal Services

Oak Ridge Associated Universities

P. 0. Box 117

Oak Ridge, TN 37830 (615, 576-3056)

oddress and telephone number)

William E. Felling

Acting Executive Director

Oak Ridge Associated Universities

P. 0. Box 117

Oak Ridge, TN 37830 (615, 576-3300)

17, PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSURANCE: | agree
to accept reaponsibility for the scisntific conduct of the project and 10 pro-
vide the required progrets reports if o grant is oworded as o result of this

° opplicetion.

SIGNATURE OF PERSON NAMED IN 3a (in ink.
“Per’* signoture not acceptable

DATE
agef 22,

M% C. AR, €/

18. CERTIFICATION AND ACCEPTANCE: | certify that the statements heeein
are trus ond complers to the best of my knowledge, and occept the obliga-
tion to comply with Public Health Service terms and conditions if o gront
is awarded os the resuit of this opplication. A willfully false certificotion
is a criminal offense. (U.S. Code, Title 18, Section 1001.)

SIGNA fURE OF PERSON NAMED |
re ot occepta,

“Pel? si

16 (In ink. DATE

JCT « 981

PHS-398
Rev. 10/79

10190601




DEPARTMEN _F HEALTH, EDUCATION, AND WELFARE EAVE BLAN
PUBLIC HEALTH SERVICE LEAVE BLANK

PROJECT NUMBER

ABSTRACT OF RESEARCH PLAN

NAME AND ADDRESS OF APPLICANT ORGANIZATION (Same as /fem 11, page 1)
Oak Ridge Associated Universities, P. 0. Box 117

Oak Ridge, Tennessee 37830

TITLE OF APPLICATION (Same os /tem 1, poge 1)
LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA

Nome, Title and Department of all professional personnel engaged on project, beginning with Principal tnvestigetor/Program Dirscter

Myles C. Cabot, Ph.D., Biochemist, Biological Chemistry, Medical and Health Sciences Divisio

i i ' i i o meking reference to
ACT OF AR PLAN: Concisely describe the application’s specific cims, methodology ond long-term objectives, :
::s::onsc “eodif‘?:‘?"..?:"‘"d and the health-ralatedness of the project. The abstract should be self-contained so thet it con serve as o succinet

ond accurate description of the applicetion when separsted from it. DO NOT EXCEED THE SPACE PROVIDED.

The potent tumor promoter. 12-0-tetradecanoylphorbol-l3-acetate (TPA), has been
shown to stimulate phospholipid metabolism in mouse epidermis and in a variety
of cells maintained in culture. When uged at very low concentrations, TPA also
induces differentiation of human leukemic cells (HL-60). We have shown that
TPA elicits stimulation of phosphatidylcholine metabolism in leukemia cells and
that this stimulation preceeds the expression of the various differentiation
markers. However, the mechanism by which TPA alters phospholipid metabolism
and the role of phosphatidylcholine in the cell differentiation process remains
obscure. Essentially no information is available at the molecular level
regarding the effect of TPA on the enzymes and cofactors responsible for
phosphatidylcholine synthesis. By utilizing tumor promoters, such as TPA, we
will be able to correlate the dynamics of phospholipid metabolism with cellular
differentiation. Total lipids isolated from comtrol and TPA-exposed cells will
be rigorously analyzed, and the activities of the key enzymes of phosphatidyl=-
choline synthesis (choline kinase, CTP~phosphocholine cytidylyltransferase,
CDP:choline:1.2~diacylglycerol phosphocholinetransferase) will be characterized
in vitro. Additionally. TPA may modify phosphatidylcholine metabolism by
altering the levels of intracellular cofactors and precursors. The levels of
CTP, phosphocholine, choline, CTP-cholime, and diacylglycerol in conmtrol and
treated cells will be determined. The assimilation of radiolabeled fatty acids
into phosphatidylcholine and de novo synthesis from glucose and glycerol will
in turn be investigated. As an essential corrolary to the proposed experi-
ments, we will conduct lipid metabolic studies employing a human leukemic cell
line that does not express morphological or biochemical macrophage-like markers
when exposed to TPA. The ultimate objective is to understand what factors
govern the TPA-induced stimulation of phosphatidylcholine metabolism in
differentiating cells, and determine if a link exists between phospholipid
stimulation and tumor promoter—-induced differentiation.

LABORATORY ANIMALS INYOLVED. ldentify by common nomes. !f none, stete "“none””

None

PHS-398 PAGE 2
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PRINCIPAL INVESTIGATOR/PROGRAM DI _TOR: _Myles C. Cabot, Ph. D.

TABLE OF CONTENTS

Number pages consecutively at the bottom throughout the application. Do not use suffixes such as
5a, 5b. Type the name of the Principal Investigator/Program Director at the top of each printed page

ond each continuation page.

SECTION 1. PAGE NUMBERS

Face Page, Abstract, Table of Contents...eeersrssceccecrencscsassearsorsscasscannsas
Detailed Budget for First 12 Month Budget Period ccoeesriiecscesranossasocesrasesnces
Budget Estimates for All Years of Support.cccurriiccrticrsrerascsscssansuncnossssasss
Biographical Sketch-Principal Investigator/Progrom Director (Not to exceed two poges).....
Other Biographical Sketches (Not fo exceed two pages for €0ch) .vveeviorenrecrsarorsnves
Other SUPPOIt. eecarstrecesssrancersesssassssssssasssssovsnstssssscssnsosscssarssnsee

Resources and Environment ...c.cceverenrccecscsocse Pt rteaseseecsterrrserenesenaen

P -

SECTION 2.

Introduction (Excess poges; revised and supplemental applications} «eseeevescrsiaanncass

Research Plan
A. Specific Aims (Not to exceed one poge) cceiesecscessessssessesocnsssssscsssase
B. Significonce (Not to exceed three pages).ceecescssssssrssscssascancassssssoanns
C. Progress Report/Preliminary Studies (Not to exceed eight pages) ....ocvvevnnennns
De Methods ¢vvevereseacessosrcsessssacscseossansasecssressocncssnsassssnsssnnnsse
E. Humon Subjects, Derived Materiols or Dat@.cececencacacescessssrscacssonssnsses
F. Laboratory Animais cceeeevrensectrernreosetcacossoscanssssnscnsssssssnsasune
G, Consultonts e veeiereriocareucnosnesuassecosssssrsnasseeneasasseassnesnssses
H. Censortium Arrangements or Formalized Colloborative Agreements «..covevvcesasen
. Literoture Cited couvevnrecencncas ceesrecsesnovosrnseorransarre sttt anatanns

Checklist vaeaierseesnssosssessccsesrossoraseessoseonsssasssnsossososncsonsonssonss

PEFFFFFFFF |

SECTION 3. Appendix (Six sets) (No poge numbering necessary for Appendix)

Number of publications: 1 Number of manuscripts: __1
Other items (list):

Two curriculum vita
One table

Application Receipt Record, form PHS 3830
Form HEW 596 if Item 4, page 1, is checked ““YES'"'

PHS-398 PAGE 3
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PRINCIPAL INVESTIGATOR/PROGRAM DIRE 2

CABOT, Mvles C

e —

DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD
DIRECT COSTS ONLY

FROM
07/01/8

I THROUGH
2 06/30/83

DOLLAR AMOUNT REQUESTED (Omit conrs)

PERSONNEL (Applicant orgonizotion only} (See instructions) TIME/EFFQORT FRINGE
IN
SALARY TOTALS
NAME TITLE OF POSITION % | Hours oer BENEFITS
Cabot, Mvles C,, Ph,D, Princips! Investigarer 50 20 15,000 3,000 18,0C15
Welsh, Clement J. Research Associate | 50 20 9,430 2.120 11,350
TO BE NAMED -Postdoctorate or
Research Techniciah 100/ 40 18,000 3,600 21,600
SUBTOTALS > 42,430 8,720 81,180
CONSULTANT COSTS (Sea instructional
EQUIPMENT (Itemize
Coulter Counter $4,650 4,650
SUPPLIES (Itemize by cotegory)
Tissue Culture Ware $2,300
Cell Culture Media & Serum 4,000
Chemicals 1,700
Radiolabeled Compounds 4,600
12,600
DOMESTIC 1,000
TRAVEL FOREIGN
INPATIENT
PATIENT CARE COSTS OUTPATIENT
ALTERATIONS AND RENOVATIONS (/temize by category)
CONTRACTUAL
OR (See
THIRD PARTY instructions)
COSTS
OTHER EXPENSES (Ifemize by cotegory)
TOTAL DIRECT COSTS (Also anter on poge 1, item 8) —= 15 69, 400

PHS-398
Rev. 10/79

1019610
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PRINCIPAL INVESTIGATOR/PROGRAM DIR®  JR: CABOT, Myles C.

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
DIRECT COSTS ONLY

BUDGET CATEGORY "'PBE‘;?C‘;;T ADDITIONAL YEARS SUPPORT REQUESTED
TOTALS ("
rom poge 4) ind 3rd 4th Sth

PERSONNEL (Sofary and
fringe benefits,)
(Applicont organization only) | 5] 150 56,300 61,900
CONSUL TANT COSTS
EQUIPMENT 4,650 0 0
SUPPLIES 12,600 13,900 15,500

DOMESTIC 1,000 1,000 1,000
TRAVEL

FOREIGN
PATIENT INPATIENT

CARE
cosTs OUTPATIENT
ALTERATIONS AND
RENQVATIONS
CONTRACTUAL OR THIRD
PARTY COSTS

OTHER EXPENSES 0 S00 ‘ 500
TOTAL DIRECT COSTS $69,400 $71,700 $78,900
TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (Also enter on poge 1, item 7) | $ 220’000
JUSTIFICATION (Use invation poges if yi: Briefly describe the specific functions of the personnel end consultonts. For all years,

justify any costs for which the need may not be obvious, such es squipment, foreign trovel, alterotions and rencvations, and contractuel of third
porty costs. For future years, justify ony significant increases in any cotegory. In edditien, for COMPETING COMTINUATION opplications,
justify any significant increcses over current level of support. I @ recurting annual increose in personnel costs is anticipated, give percentage.

Recurring Increseas in Personnel Costs computed at 10%.

Equipment Justification:

lst Year - Coulter counter model ZF Serial 6600338 - Our present Coulter counter
(model B) is an old, tube model with an excessive amount of down-time. Accurate,
reproducible and rapid cell number assessment is an essential guideline for the current
project, as ell number data will be used for differentiation criteria. The model ZF
is the most economical counter of the series and offers all the features we require.

Personnel Justification:

Clement Welsh (Research Associate). Mr., Welsh was trained by me and works closely
with me on the HL-60 project. He will be carrying out lipid composition analyses (These
are time consuming and require skill). In addition, those duties which Mr, Welsh will

aid include cell culturing, induction of differentiation protocol in vitro enzyme assay
and laboratory management.

PHS-I98 PAGE §
Rev. 10/79

LRELERR
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CABOT, Myles C.

Postdoctorate or technician (to be named). This person will devote 100% of
their time to project research; the position will require a working background in
cell biology. The major duties of this position will be assessment of cell
differentiation criteria (both morphological and biochemical) using the induction
agents listed at various doses over various time intervals. In addition, in vitro
enzyme assays of the phosphatidylcholine-metabolizing activities will be an im-
portant facet of this positionm.

‘ 0 1 q b ‘ 2 Page 6
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POINCIPAL INVESTIGATOR PROGRAM DIRE  r. CABOT, Myles C.

BIOGRAPHICAL SKETCH
Give the following information for key professional personnel listed on page 2, beginning with the
Principal investigetor/Progrom Director. Photocopy this page for each person,

NAME TITLE BIRTHDATE (Mo.,Dey, Yr.)
Myles C. Cabot Biochemist

EDUCATION (Begin with boccalaureate troining ond include postdoctoral)

INSTITUTION AND LOCATION YEAR FIELD OF STUDY
U 0 DEGREE CONPERRED EL

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previcus empioyment, experis
ence, ond honors. Include present membership on any Federal Govemment Public Advisory Committee, List, in chronological order, the rities and
complete references to recent rapresentative publications, especially those mast pertinant to this applicatien, Ds not excsed 1 poges.

1970-1972: Graduate Assistantship; 1969~1972, Laboratory Assistant--Western Carolina
Univ., Cullowhee, NC.

1975-1976: Instructor; 1974-1976: Assistantship; 1972-1974, Fellowship~~The Hebrew
Univ, Jerusalem, Israel.

1976-1978: Damon Runyon-Walter Winchell Postdoc. Fellow in Cancer Research, Medical
and Health Sciences Division, Oak Ridge Associated Universities, Oak Ridge,
Tennessee,

November 1978-Present: Scientist I, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, Tennessee (Biochemist, April 1979)

PUBLICATIONS

Cabot, M. C. and Gatt, S. Lipase activity in rat brain. Isr. J. Med. Sci. 11, 1194, 1975
(abstract)

Cabot, M. C. and Gatt, S. Hydrolysis of neutral glycerides by lipases of rat brain
mierosomes. Biochim. Biophys. Acta 931, 105-115, 1976.

Cabot, M. C. and Gatt, S. Substrate specificity of the microsomal acid lipase of rat
brain. Isr. J. Med. Sci. 12, 1368, 1976 (abstract)

Cabot, M. C. and Gatt, S$. Hydrolysis of endogenous diacylglycerol and monomcylglycercl Zy
lipases in rat brain microsomes. Biochemistry 16, 2330~2334, 1977.

Cabot, M. C. and Gatt, S. Rat brain microsomal lipase activity. Adv. Exp. Med. Biol.
101, 101-111, 1978.

Cabot, M. C. and Snyder, F. The manipulation of fatty acid composition in L-M cell

monolayers supplemented with chaulmoogrie acid. Arch. Biochem. Biophys. 190, 838-846,
1978.

Cabot, M. C. and Snyder, F. Assimilation of wwmatural aliphatic moieties into complex
lipids of neoplastic cells. In: XII International Cancer Congress, Buenos Aires,
Argentina, Abstracts, Workshops, Vol. 1., 1978, p. 177 (Abstract 18).

Cabot, M. C. and Gatt, S. The hydrolysis of triacylglycerol and diacylglycerol by a
rat brain microsomal lipase with an acidie pH optimum. Biochim. Biophys. Acta 530,
508-512, 1978.

Cabot, M. C. and Sanyder, F. Mmipulation of alkylglycerolipid levels in cultured cells

Fatty alcohol versus alkylglycerol supplements. Biochim. Biophys. Acta 617, 410-418,
1980.

P C Yor

PAGE 7
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¢/ T, Myles C.

Cabot, M. C., Welsh, C. J., Callaham, M, F., and Huberman, E. Alterations ir lipid
metabolism induced by 12-0-tetradecancyl-phorbol-13-acetate in differentiatirg human :
myeloid leukemia cells, Cancer Res. 40, 3674-3679, 1980,
Cancer Res. 40, 3674~3679, 1980,

Cabot, M. C. and Goucher, R.R. Chaulmoogric acid: Assimilation into the ccplex
1ipitds of mycobacteria. Lipids 16, 146-148. 1981.

Cabot, M. C, and Lumb, R. H. The activity of a low temperature lipase in the larvae
of Sarcovhaga bullata (Diptera: Sarcophagidae). Cowp. Biochem. Physiol. 68B,
325-328, 1981, '

Cabot, M. D. and Welsh, C, J. Ether lipid studies in mouse C3H/10T1/2 cells and a
3-methylcholanthrene transformed clone. Arch. Biochem. Biophys. 211, 240-244, 1981

Cabot, M, C. and Welsh, C. J. Fatty acid metabolism in phorbol ester-differentia~
ting hwnan leukemia cells. Cancer Res. (in press)

Cabot, M. C., Welsh, C. J., and Sanyder F. Modifying the levels of ether-linxed
1ipids in L-M cells alters growth and choline utilization. Exptl. Cell Res.
(Submitted).

10719b 14
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P NCZFaL "NVES™ 2ATOR PIOSIAM DiREDT CABOT, Myles C.

OTHER SUPPORT
(USE CONTINUATION PAGES IF NECESSARY)

For ecch of the professionals nemed on page 2, list, in three separcte groups: (1) active support; (2) aspliccticns
peacing review end/or funding; (3) cpplicetions planned or being prepdred for submission. Include ¢ll Federal, non-
Federzl, cad institutions] gront and contract support. If none, state “'NCNE.'" For each item give the source of supssrs,
iceatifying number, project title, name of principal investigator/program director, time or percent of effort on the preject
by crofessicnal named, cnnual direct costs, and entire period of support. (If part of a lerger project, provide the titles of
beth the porent gront ond the subproject and give the annucl direct costs for each.) Briefly describe the conteats of =2ch
item listed, If any of these overlap, duplicate, or are being reploced or supplemented by the present application, iustify
cnd delineate the noture ond extent of the scientific ond budgetary overlaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
(1) ACTIVE SUPPORT:

Investigator currently has no individual research support. He is supported under
other larger projects:

A. American Cancer Society, Grant No. BC-70L; '"Metabolism, Regulation and Function
of Ether-Linked Glycerolipids and Their Precursors in Cancer Cells"; Dr. Fred
Snyder: Senior Investigator; 20% Efforc: $58,150 annual direct costs and
entire period support; Purpose is to study the metabolism and regulation of

ether- and ester-type glycerolipids in selected cancer cells.

B. NIH; Grant No. 5 ROl CA 11949-12; "Ether Lipids in Cancer - Enzyme Mechanisms";
Dr. Fred Snyder: Senior Investigator; 25% effort; $57,404 annual direct
costs; $305,031 IDC entire period of support; Purpose is to purify key enzymes
involved in the metabolism of ether linked lipids, so their kinetic properties
and reaction mechanisms can be established.

C. DOE; Contract No. DE-ACO5-760R00033; '"Lung Surfactant, Membrane, Lipids and
Energy Biohazards'"; Dr. Fred Snyder: Senior Investigator; 55% effort; $223,549
annual direct costs and entire support period; Purpose of research focuses on
health problems created by newer energy technologies; study the effect of che=mical
toxicants, carcinogens and radiation on systems being investigated.

(2) NONE.

(3) NIH; Grant Application; "Membrane lipids and differentiators of leukemia';
Dr. Myles C. Cabot, Senior Investigator; 50% effort; $71,000 %st year annyal
direct costs: $413,900 TDC total support period; the purpose is to lnvestigate
inducers of leukemic cell differentiation and determine if there exist lipid
metabolic alterations that are common to the differentiation process. Secondly,
do lipids play a role in cellular differentiation or are the induction agents
causitive?

1079615 Pace 3
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: _ CABOT, Myles C.

RESQURCES AND ENVIRONMENT

FACILITIES: Mork the facilities to be used and briafly indir te their copacities, pertinenr capabilities, relative proximity ond
extent of availability to the project. Use "‘other'’ 1o describe facilities a1 other performonce sites listed in lrem 9, poge 1, ond at
sites for field studies. Using continuation pages if necess ary, include a description of the nature of ony callaboration with other
orgonizations and provide further information in the RESEARCH PLAN.

m Loboratory: My laboratory is approximately 17 x 25 ft.; it is qell equipped for carring
" out experiments and has two offices adjacent, one of which contains a freezer
and refrigerator. The lab is located in the biochemistry department of the
Medical and Health Sciences Division with analytical and preparative
capacities at hand.

D Clinical:

D Animai:

@ We have immediate access to computer ware.
Computer:

EOﬂieo: My office is located adjacent-to my laboratory.

[:]O““r( Tissue culture y, We have two culture facilities, on e located directly
" across the hall from my laboratory. The human cell culture
lab is located upstains (approx. 45 seconds away).

MAJOR EQUIPMENT: List the most important equipment items already available for this preject, noting the location, and pertinen?
copabilities of each.  Lipid nitrogen refrigerator; thin-layer chromatographic equipment,
including zonal scraper and spark chamber; photodensitometer; preparative and analytical
centrifuges; Model E ultracentrifuge, liquid scintillation spectrometer, gas-liquid
chromatographs; HPLC; Beckman DU and Acta C-I1I spectrometer; Cahn electrobalance;
protein isolation equipment. All the equipment is in excellent working order and
located in the labs adjacent to my laboratory. Service contracts are active.

ADDITIONAL INFORMATION: Provide any other information describing the environment for the project. identify support services
such os consyltants, secretarial, mechine shop, and electronics shop, and the extent 10 which they will be available to the project.

We have on board secretarial staff, machine and electronics shop, access to electron
microscopy, mass spectrometry; consultants in the areas of cell biology, cytogenetics,
organic chemistry. The support services are readily available.

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS'

This research grant application includes a segment of activity that would be
performed in facilities of the U. S. Department of Energy and govermed by an
existing contract between Cak Ridge Associated Universities (ORAU) and the DOE.

PHS.398 PAGE EV-N

Rev. 10/79 ‘U—tqblb
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CABOT, Myles C.

The DOE bas reviewed this proposal and has concurred in ORAU conducting the
described work in the DOE facilities made available for biomedical research,
subject to payment to the DOE by ORAU from MIH funds of the applicable direct
and indirect cost of the work (not including any charge for the use of DOE
facilities) as determined by the provisions of the DOE”s contract with ORAU.

It is belived that in large measure the requirements of the DOE contract
parallel conditions that KIH ordinarily applies to its grants. In the event of
differences between NIH grant terms and the DOE comntract terms, ORAU is agree~
able to meeting both to the extent that they are not in conflict, and to
applying those most favorable to the United States Government where this is
involved. 1If NIH is aware of problems that such an approach would produce or
suggest, ORAU upon receipt of such advice would refer the matter to the DOE for
direct resolution with NIH.

By way of general information, ORAU”s contract with the DOE is a cost-type
contract financed under a Government-fund account. The specific contract work
is formulated in cooperation with the DOE and authorized within general guide-
lines in the comtract. Contract terms include DOE responsibility for
Government ownership and control of inventioms, data, and other research
products. Ouwnership of all equipment and facilities acquired by ORAU with DOE
funds is vested in the U. S. Government at the time of acguisition. The
contract also contains all the terms generally common to Government contracts
of the type under which ORAU conducts research operations in Government-owned
facilities.

11
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Priviledged Commu~ "~ation CABOT, Myles C.

RESEARCH PLAN

A. SPECIFIC AIMS

12-0-Tetradecanoylphorbol-13-acetate (TPA) applications to mouse skin
result in the production of both benign and malignant tumors if the TPA
treatment is preceded by a single subcarcinogenic application of an initiating
agent, such as 7,l2-dimethylbenz[alanthracene (1-3). However, it is
significant to note that phorbol esters, when used in the absence of initiators
induce rather than inhibit differentiation in human leukemia (HL-60) cells (&)
and stimulate differentiated functions in human melanoma cells (5). We have
recently begun studies of the alterations in lipid metabolism elicited by
treatment of HL~60 cells in culture with the potent tumor promoter, TPA. These
studies revealed that TPA has a profound effect on lipid metabolism, in
particular phosphatidylcholine.

As phospholipids are an integral component of plasma membranes and
intracellular organelles, their possible role in cellular differentiation
warrants closer investigation. Furthermore, we have observed that TPA
treatment causes alterations in the levels of alkyldiacylglycerols. This class
of ether-linked lipids, and their counterparts, l1~O-alkyl-2-acylglycero-
phosphatides, occur at characteristically high levels in cancer cells (6,7).

Specific goals are to establish what alterations in cellular lipid
composition occur during TPA-induced differentiation of human cancer cells,
with particular regard to the levels of phosphatidylcholine and
membrane-associated O-alkyl- and Q-alk-l-enylglycerophosphatides. Once these
changes are established, investigations at the cellular and moleculsr levels
regarding the effect of TPA on the enzymes, substrates, and cofactors of
pbosphatidylcholine metabolism will be conducted. These studies will be
carried out using cell cultures to determine rates of incorporation of acyl
groups versus polar head groups and glycerol and glucose via de novo synthesis.
The experiments will be designed to determine turnover of different components
of the molecule (polar head group, hydrocarbon moieties) during TPA-induced
differentiation. In turn we will utilize cell-free homogenates to assess which
enzymes of phosphatidylcholine synthesis are affected during TPA exposure.
Those activities that will be investigated include choline kinase,
CTP-phosphocholine cytidylyltransferase, and CDP~choline:1l,2-diacylglycerol
phosphocholinetransferase. Additional emphasis will be placed on determining
the effects of TPA on the intracellular levels of required substrates and
cofactors such as CTP, phosphocholine, CDP-choline, cholipne, and
diacylglycerol. We endeavor to determine if phosphatidylcholine turnover is
linked to the induction of differentiation. This query can in part be answered
by comparing 32p ana [14C)choline utilization in 1) cells induced to
differentiate by treatment with other active induction agents, dimethyl
sulfoxide and retinoic acid, and 2) in leukemia cells that do not undergo
differentiation when exposed to TPA. Finally, we wish to define the location
of the induction by TPA leading to the lipid alterations by examining the
assimilation of labeled precursors in isolated subcellular fractioms.

12
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B. SIGNIFICANCE

Berenblum (8) discovered that a single application of benzo(a)pyrene to
mouse skin followed by multiple applications of croton oil had the remarkable
ability to elicit tumor growth. The carcinogenic principles of croton oil are
the 12.13-diesters of the polyfunctional, tetracyclic diterpene parent alcohol
phorbol (9). TPA, the most asbundant and most active tumor-promoting agent of
croton 0il, has been used widely in the two—-stage mouse skin carcinogenesis
system (10) to study the mechsnism of tumor promotion. The use of tissue
culture systems has aided greatly in elucidating the biological comsequences of
TPA exposure, Early work with cultured Hela cells has demomstrated the
effectiveness of TPA as a thymidine-blocking agent, a stimulator of choline
incorporation, and an inducer of cell growth (22). Recent studies have shown
that when tumor promoters are used singly they inhibit spontaneous and induced
differentiation in murine erythroleukemia cells (12-14), mouse neuroblastoma
cells (15), 373 fibroblasts (16), and avian myoblasts (17). Conversely,
studies with HL-60 cells (4, 18) and human melanoma cells (5) have revealed a
rather dramatic actionm of phorbol esters: ome of induction rather than
inhibition of cellular differentiation.

In addition to the previously discussed dichotomy of events elicited by
TPA on cellular differentiation, tumor-promoting phorbol esters significantly
alter lipid metabolism. Rohrschneider and Boutwell (19) and Balmain and Hecker
(20) examined the relationship between TPA-induced tumor formation in mouse
epidermis and phospholipid metabolism and found that TPA stimulated the early
synthesis of phosphatidylcholine and phosphatidylethanolamine. In bovine
lymphocytes TPA causes an enhanced labeling with [ﬁgr3ﬂlcholine of phospha-
tidylcholine, lysophosphatidylcholine, and sphingomyelim (21). Likewise, Hela
cells incubated with low concentrations of TPA (10™7 to 1078 M) show a rapid
increase of choline incorporation into cellular phosphatidylcholine (22). The
possibility that TPA changes only the permeability of the plasms membrane for
the radiocactive precursor was excluded, since the effect of TPA on lipid metab~-
olism was also observed when the cells were preincubated with labeled choline.
In addition to the general effect of TPA on phospholipid metabolism, TPA has
also been shown to evoke other lipid-associated alterations in a variety of
systems: these include modificatioms of lipid microviscosity in lymphoblastoid
cells (23), inhibition of adipose conversion in 3T3 fibroblasts (16), stimu~-
lation of secretion of disaturated phosphatidylcholine from alveolar type II
cells (24), enhancement of phospholipase activity and prostaglandin production
(25. 26), and alterations in ganglioside metabolism in human melanoma cells
(5). We have recently shown (27) that TPA~induced differentiation of HL-60
cells is accompanied by a stimulation of phospholipid metabolism (before the
markers of differentiation are expressed), enhanced incorporation of acetate
into free fatty acids and neutral lipids, an increase in the amount of cellular
triacylglycerols, and a8 selective incorporation fatty alcohol into triacyl-
glycerols and their ether-containing analog, alkyldiacylglycerol.

Whereas, a number of investigators have shown that TPA supplementation to
cell cultures causes myriad alterations in lipid metabolism, the effects of
phorbol esters on cellular differentiation provide a morphological marker for
correlating with the TPA-induced modifications of lipid metabolism. In this
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regard, a cell system in which markers for differentiation can be followed
would provide a unique model for studying lipid-related biochemical events
during the differentiation process. HL-60 cells are extremely useful for such
studies, since a large population of the cells (more than 90%) can be induced
to differentiate by phorbol esters (4). TPA-induced differentiation in these
cells has been characterized by morphological changes, decreased cell divisionm,
an increase in the percentage of phagocytizing cells, the attachment of the
cells to the substratum (4), and stimulation of synthesis and extracellular
release of lysozyme, This last finding is of interest since TPA can cause
lysozyme release from peripheral blood polymorphonuclear leukocytes, but not
from alveolar macrophages (28, 29).

Although the action of TPA as an inducer of cell differentiation has been
the object of considerable study, a variety of compounds, unrelated chemically,
have been shown to induce morphological and biochemical alterations in numerous
cell lines. DMSO induces erythroid differentiation in mouse erythroleukemia
(Friend) cells and the morphological, biochemical, and immunological changes
induced have been well characterized (30-32). The differentiation~inducing
effect of DMSO has recently been demonstrated in human cells (5, 33-35), and
retinoic acid, another potent differentiator, has been shown to induce maximal
differentiation (approximately 90%) of HL-60 cells at a concentration of 1 M,
an amount much less than the concentration needed for DMSO to produce similar
differentiation (36). These studies suggest that HL-60 cells share common
target sites for the induction of differentiation by these compounds.

Lipids are important components of cellular membranes and membranes are
important targets for phorbol esters (37-39). Under conditioms of im vitro
exposure, TPA has been shown to effectively increase the specific activities of
the plasma membrane enzymes, (Na*-k*)-ATPase and 5°=-nucleotidase; the
microsomal enzymes, NADH diaphorase and glucose-6-phosphatase, were not
affected (39). However, no informationm is available that defines the effects
of in vitro TPA exposure on enzymes of phosphatidylcholine biosynthesis.

As has been shown by numerous investigators, phosphatidylcholine is the
crucial lipid affected by TPA. The majority of these studies have dealt with
the gross effects of TPA on lipid metabolism. Essentially no information is
available at the molecular level regarding the effect of TPA and induced
cellular differentiation on the enzymes and cofactors responsible for phospha-
tidylcholine synthesis. Additionally, a shortcoming of previous studies has
been the failure to define whether the stimulation of phosphatidylcholine
metabolism is linked to the induction of differentiation in HL-60 cells.
Although TPA has been shown to significantly alter phosphatidylcholine metab-
olism in HL-60 cells and other cell lines, DMSO and retinoic acid, effective
agents of induction, have not been investigated. Kinzel et al. (22) have shown
that DMSO enhances the incorporation of [3H]choline into Hela cells, DMSO was
not as effective as TPA; however, these investigators used 0.5%, an amount
which is not sufficient to induce maximal differentiation of HL-60 cells (33).

Phosphatidylcholine, a structural component of animal cells, has been
implicated in the modulation of certain emzyme activities (40). Phospholipid
metabolism has also been linked to events leading to the stimulation of growth
(41-45). 1t is therefore possible that this membrane constituent plays a role
in cell regulation. In this respect, the relationship of phosphatidylcholine
to cellular differentiation has received little attention, mainly because of
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the lack of an appropriate model system wherein modifications of phospholipid
metabolism can be correlated with cellulsr differentiation by the appearance of
differentiation markers. The experimental system described herein provides
numerous advantages that will facilitate the investigation of phorbol diesters
as modulators of cell differentiation and phospholipid metabolism. Our inves-
tigations, as well as studies by others, demonstrate that one of the earliest
events elicited by TPA is the stimulation of phosphatidylcholine metabolism.
This information reinforces the theory that membranes are an important target
of phorbol esters, and thus could modulate signals that initiate cellular
responses,

The major pathway for phosphatidylcholine biosynthesis was elucidated by
Kennedy (46) and his co-workers. A second mode of synthesis involving the
methylation of phosphatidylethanolamine by the transfer of methyl groups from
S-adenosyl-methionine was described by Bremer and Greenberg (47). Lands and
his colleagues were the first to demomstrate the deacylation-reacylation cycle
of phosphatidylcholine synthesis (48, 49). Although of minor significance,
phosphatidylcholine can additionally be synthesized by a base exchange reaction
(50). Of the enzymes involved in phosphatidylcholine biosynthesis, it now
appears that the regulated step is catalyzed by the enzyme, CTP~phosphocholine
cytidylyltransferase (51-52). The first step in phosphatidylcholine biosyn-
thesis, the conversion of choline to phosphocholine, is catalyzed by choline
kinase; the last step in phosphatidylcholine biosynthesis is under the control
of CDP~choline:1l,2-diacylglycerol phosphocholinetransferase and converts
diacylglycerol and CDP-choline into phosphatidylcholine. With the evidence
that tumor promoters elicit remarkable alterations in the metabolism of
phosphatidylcholine in bovine lymphocytes (21) and Hela cells (22), there has
been little advancement regarding the mechanism responsible for this effect,

It has been shown that one of the earliest responses elicited by tumor-
promoting phorbol esters is the alteratiom of phospholipid metabolism (11, 27,
54-57). These results implicate the involvement of membranes and their lipid
components in the mechanism of cellular growth and differentiation; phospho-
lipid metabolism has been shown to play an important role in the events leading
to the stimulation of growth (41-45).

The following points need to be considered in proposing the mechanism by
which TPA stimulates phospholipid metabolism. Wertz and Mueller (21) have
shown that phospholipid response to TPA is insensitive to the inhibition of RNA
and protein synthesis. Additionally, these investigators have evidence to
indicate that TPA activation of phospholipid metabolism does not require a
major redistribution of phospholipid-metabolizing enzymes. Thus, the mechanism
of action of phorbol esters may involve a direct effect on the phospholipid
synthetic enzymes. With these factors in mind, a thorough investigation of the
phospholipid metabolizing enzymes during TPA-induced cellular differentiation
will also lend information regarding the role of phosphatidylcholine in cell
growth and differentiation.
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C. PRELIMINARY STUDIES

Our initial results that document dramatic alterations in lipid metab-
olism occurring in TPA-differentiated HL-60 cells have been published (27)
(reprint, Appendix I). Briefly, this work shows that TPA-induced differenti-
ation of HL-60 cells is accompanied by a stimulation of phospholipid metabolism
before the markers of differentiation are expressed. Phospholipid metabolism
was assessed by differences in the utilization of labeled precursors, 32? and
llaclcholine. in control (untreated) and TPA-treated cells. Although other
changes in lipid metabolism were demonstrated, we believe, from our most recent
studies (manuscript, Appendix I) that the increased levels of triacylglycerols
occurring in treated cells is a characteristic inherent to the differentiated
cell, whereas the flux in phosphatidylcholine metabolism is early in the event
of differentiation. This may suggest that the stimulation of phosphatidyl-
choline metabolism by TPA is linked to the induction of differentiation.

The effects of TPA-induced differentiation on phospholipid metabolism
have been limited to studies using labeled precursors of the polar head groups,
thus little is known about the effects of phorbol ester—induction om fatty acid
metabolism. A topic of ongoing investigation has therefore been in the
direction of acyl group metabolism of the phospholipids (manuscript, Appendix
1). As the data and description of these experiments are outliped in detail,
only a brief description of that investigation follows. In cells incubated
with labeled fatty acids for 1 hr, the percent distribution of lipid radio-
activity is highest in phospholipids of undifferentiated cells, whereas in
TPA~supplemented cultures, substantially more label is associated with triacyl-
glycerols. This trend was confirmed by data derived from analysis of lipids in
undifferentiated and TPA-treated cells (8 x 10~10 M TPA, 48 hr), where in the
latter. the amount of triacylglycerols increased 3.2-fold. The increase in the
amount of cellular phospholipids was not as proncunced. Whereas a marked
stimulation of the incorporation of 32p and choline into phosphatidylcholine
has been shown to occur in TPA~differentiated cells, acyl group metabolism in
phospholipids is affected to a much lesser degree. Thus the turnover of the
polar portion of the molecule appears to be stimulated more than the hydro-
phobic moieties of phospholipids. An additional interesting cbservation on
fatty acid metabolism in differentiated cells was the finding that the desatu-
ration of stearic acid (conversion of [1-14C]stearic acid to [1-14Cloleic acid
by cell cultures) was greatly reduced compared to control activity. A ‘
corrolary reflecting the cellular comnsequences of this phenomenon was shown by
marked differences in acyl group composition of triacylglycerols in differen-
tiated cells, which contained decreased amounts of unsaturates compared to the
triacylglycerol fatty acid profile of undifferentiated cells.

We have endeavored to determined if the rate of uptake of free fatty
acids is higher in differentiated cells. At early times after TPA exposure (1
to 4 hr), there was no stimulation of the cellular uptake of labeled fatty
acid; however, differentiated cells (24 to 48 hr TPA~treated), when exposed to
labeled acids, contained more radioactivity than undifferentiated cells. This
phenomenon was, however, variable and dependent on the fatty acid supplemented,
with arachidonic acid showing the greatest uptake differential. When [1-1401-
palmitic acid and TPA were added simultanmeously to cultures and incubated for
48 hr. the cells contained approximately twice the radioactivity (dpm/mg cell
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protein) compared to cells labeled in the absence of TPA for the same time
period. Qualitative analyses of the lipids in the control and TPA-treated
cells showed the latter to contain a 4~fold increase in the amount of
triacylglycerol-~associated radioactivity.

The study of acyl group metabolism in phospholipids of differentiated
cells has only been touched on; we have confirmed that the phosphatidylcholine
fraction isolated from TPA-differentiated cells, labeled with [l-léclatearic
acid, contains more radioactivity than ethanolamine-containing phospho-
glycerides (approximately 2 times). Our preliminary data on fatty acid
metabolism coupled with our previous findings on polar head group utilization
has yielded significant information to form a natural backdrop for continued
studies. We are most excited with our results of late: by utilizing the
culture system described by Brietman et al. (58), we now have HL-60 cells
(passage 45) growing in the absence of serum. The serum required to grow cells
is a rich source of fatty acids. It has always been an advantage for one
interested in lipid studies to have a versatile system wherein cells can be
grown either in the preseunce or absence of serum. Furthermore, we have just
demonstrated that these cells, grown in the abgence of serum, can be induced to
differentiate into a highly enriched population of macrophage-like cells (this
is the first report of this phenomenon, manuscript in preparation). This is a
significant finding, in view of the fact that serum-grown cells treated with
TPA have been morphologically characterized as both macrophage-like and
granulocytic, even though they possess high acid phosphatase levels (59), an
enzymatic marker for macrophbages. The acyl group composition of phospholipids
and triacylglycerols from cells grown with serum and in a serum-free medium is
shown in Table I (Appendix II). Compared to the fatty acid composition of
serum-grown cells, the serum-free cells demonstrate a relatively simple acyl
profile; most notably is the near absence of polyunsaturates with 16:0 + 16:1 +
18:1 comprising about 80% of the total species, and as shown by the DMA
derivatives, plasmalogen levels are 5-fold lower. In view of the fact that
HL-60 cells can be passaged in the absence of serum and differentiate in the
presence of TPA, this system will be extremely useful in studies aimed at acyl
group metabolism of phosphatidylcholine and ether lipid modulatioms in
differentiation.

1 was trained in the area of lipid biochemistry, and more specifically,
lipid enzymology. The pursuit of these disciplines has givem me considerable
experience in the fields of lipid metabolism, membrane biochemistry (membrane-
enzyme—-substrate interactions, membrane modification), and tissue culture. As
a result of my training and current laboratory enviromment, I feel well
qualified to pursue the studies on the effects of TPA on ether lipid
metabolism. The facility at the ORAU Medical and Health Sciences Division is
well equipped for carrying out the specialized analyses that are required to
explore all facets of lipid biochemistry.
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D. METHODS

1, Alterations in cellular lipid composition during TPA~induced
differentiation

The modification of phosphatidylcholine metabolism is the first lipid-
related event elicited during TPA-induced differentiation. However, as we have
noted in our preliminary studies, the triacylglycerol and alkyldiacylglycerol
content increases in leukemia cells exposed to TPA. In our initial studies we
will compare cellular lipid composition of control and TPA-exposed cells,
varying the concentration and time of exposure to TPA, to assess the effects of
induced differentiation on the levels of phosphatidylcholine, phosphatidyl-
ethanolamine, inositol- and serine-containing phosphoglycerides, triacyl-
glycerols, alkyldiacylglycerols, and cholesterol. These experiments will in
turn be carried out with cells grown in serum-free media. Additionally, cancer
cells have been shown to contain elevated amounts of ether—linked lipids. 1In
this respect no informstion is available regarding the effects of TPA on the
alkyl and alk-l-enyl composition in differentiating cells. Here, we will limit
our analyses to the phospholipids for two reasoms: 1), membranes appear to be
the major site of TPA action; 2) any disturbance in phospholipid metabolism
would appear to affect the ether lipid pathway. Ether phosphoglyceride levels
will also be extensively analyzed in isolated plasma membrane and nuclear
fractions. The gemeral protocol for lipid compositional analyses during
induced differentiation will involve growing the cells in media containing TPA
(8 x 10710 o0 1.6 x 1078 M) for periods up te 3 days. The extracted lipids
(control and treated cells) will be analyzed by thin-layer chromatography and
quantitated by photodensitometry.

2. Studies of phosphatidylcholine metabolism using radiolabeled precursors

TPA has been shown to significantly stimulate the incorporation of 32
and [l4C)choline into phosphatidylcholine. We will extend these studies to
investigate the effects of TPA on a) the coulping of choline transport and
phosphorylation, b) phosphatidylcholine acyl group metabolism, and c¢) de movo
synthesis of phosphatidylcholine from labeled glycerol and glycerol precursors.
Results from these studies will provide preliminary information on which parts
of the molecule are effected by TPA and give supportive information for further
studies involving the molecular mechanism by which TPA stimulates phospha-
tidylcholine turnover.

Radiolabeled palmitic, stearic, oleic, and arachidonic acid will either
be added to the growth medium (plus serum, serum-free) in 20 Ul of absolute
ethanol or sonicated in a small amount of medium and added to cultures. 1Inm
most instances labeled precursors will be entered 48 hr after TPA addition.
Water-soluble compounds, such as glycerol, glucose, and choline, will be added
as solutions made in culture medium. Incubation time in the presence of label
will be varied according to the factors being studied. After the appropriate
labeling period, cells will be extensively washed in cold phosphate-buffered
saline, isolated by brief centrifugation, and the lipids extracted and analyzed
as detailed. Purified plasma membrane, microsomal, and nuclear fractions will
additionally be examined.
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Investigations will be carried out utilizing control and TPA-exposed
HL-60 cells to determine if there exist differences between the rate of uptake
of [Me-"H]choline in control (neoplastic) and differentiating cell systems.

Qur initial experiments with ““P and [1,2-14C]choline suggest that TPA
modifying permeability is not a factor contributing to the rapid stimulation of
phosphatidylcholine labeling. However, detailed investigations will be carried
out varying time of exposure to TPA and the coucentration of TPA in the
incubation medium to more thoroughly assess the effects of TPA on transport and
metabolic fate of the labeled precursors. Because it is important to define
whether the stimulated phosphatidylcholine turnmover observed during TPA
induction is linked to differentiation, we will carefully examine 2p and
[laclcholiue uptake and utilization in cells induced with dimethylsulfoxide and
retinoic acid., Transport of labeled choline will be measured by the
disappearance of radioactivity from the cell media. Uptake will be further
checked by washing the cells extensively and sonicating the pellet in water for
direct radioactive analysis. A fraction of the cell sonicate will be extracted
for lipid analysis and the total lipid extracts analyzed by thin-layer
chromatography. In conjunction with these studies, pulse-chase experiments
will be undertaken to determine the half-life and metabolic fate of labeled
choline products (choline, phosphocholine, CDP~choline, phosphatidylcholine).
Briefly, control and TPA-exposed cells will be pulse-labeled with {397331-
choline for 1 hr., after which the cells will be washed in fresh medium and
replated. At various times following the pulse labeling, the cells will be
harvested and the water—soluble and organic-labeled compounds will be isolated
and analyzed by Dowex AG 1-X10 (OH form), Norit A charcoal, and thin-layer
chromatographic procedures according to the methods of Vance et al. (53).

As little is known on how TPA affects the acyl group metabolism of
phospholipids, investigation of acyl group incorporation and turnover will be
done. Initially. experiments will be designed to determine the effects of TPA
on the incorporation of labeled fatty acids into cellular phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and phosphatidylserine. Acyl
group turnover will be assessed by labeling a series of control and TPA-treated
cultures for 1 hr., The cultures will then be replated in fresh media and
selected at various times to determine the radiospecific activity in the
choline-, ethanolamine-, inositol-, and seripe-containing phospholipids.

De novo synthesis of phosphatidylcholine from labeled precursors
(glycerol, glucose) will be evaluated in control and TPA-differentiating cells
to determine if TPA exposure alters the utilization of these molecules for the
synthesis of phosphatidylcholine. Double~labeled experiments will be conducted
by incubating cells with [2-3H]g1ycerol and [2—lac]g1ycerol; differences in the
ratios of “H to C will be indicative of a shift from either the glycerol
phosphate pathway or the dihydroxyacetone-P pathway of phosphatidylcholine
synthesis. An isotope effect has been shown to influence the measurement of
the involvement of these pathways in the synthesis of phosphatidylcholine (60,
61); however, since the experiments will be carried out om a comparative basis
(control versus TPA-exposed systems), information gained will be useful in
interpreting the effects of TPA on the utilization of glycerol metabolites for
phosphatidylcholine synthesis. The net synthesis of phosphatidylcholine from
labeled glucose will also be examined. The confinement of label to the
glycerol backbone will be determined by Vitride reduction of the phospha-
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tidylcholine fraction to remove labile esters followed by isolation of labeled
glycerol (62). Vitride reduction of alkyl phospholipids produces alkyl-
glycerols that will be cleaved by hydrogen iodide treatment to yield a mixture
of hydrocarbons and glycerol. The radiocactivity in these products can then be
quantitated by differential solvent extraction.

3. In vitro assays of the major phosphatidylcholine biosynthetic enzymes

Optimal assay conditioms for choline kinase (ATP:choline phospho-
transferase, EC 2.7.1.32), phosphocholine cytidylyltransferase (CTP:choline
phosphate cytidylyltransferase, EC 2.7.7.15), and choline phosphotransferase
(CDP-choline:1,2-diacylglycerol phosphocholinetransferase, EC 2.7.8.2) will be
established using cell homogenates and subcellular fractions from untreated
HL-60 cells. Once these conditions are established, the activities of the
enzymes will be compared in control and TPA-exposed cells.

8. Choline kinase. HL-60 cells will be homogenized with a Potter-
Elveh jem homogenizer in media containing 0.25 M sucrose, 1.0 mM EDTA, and 2.0
mM dithiothreitol. The homogenate is centrifuged at 100,000g for 60 min and
the supernatant will serve as the enzyme source. Choline kinase will be
assayed as described by Weinhold and Rethy (63).

b. Phosphocholine cytidylyltransferase. The microsomal and soluble
fractions will be isolated from HL-60 cells and used as enzyme source.
Phosphocholine cytidylyltransferase will be assayed by the method of Ansell and
Chojnacki (64) as modified by Weinhold et al. (65).

c. Phosphocholinetransferase. The phosphocholinetransferase actiivity
will be assayed by incorporatiom of phobphoryl-[ﬁg:lac] choline into phospha-
tidylcholine from CDP-[ﬁngAC]choline. The procedure described by Weiss et al.
(66) and modified by Vance and Burke (67) will be used in the assay of this
enzyme, The microsomal fraction will serve as the source of enzyme. The
product, phosphatidylcholine, can be isolated from the reaction mixture by
solvent extraction (67); however, thin-layer chromatography (Silica Gel HR)
will be used to confirm product identification. 1,2-Diacyl-sn-glycerol, a
substrate in the reaction, will either be obtained commercially or prepared by
phospholipase C treatment (68) of choline phosphoglycerides isolated from egg
or from rat liver. The isomeric purity will be verified by thin-layer
chromatography as described by Cabot and Gatt (69).

4. Measurement of intracellular cofactors of phosphatidylcholine biosynthesis

As .TPA may influence the levels of required cofactors of the phospha-
tidylcholine biosynthetic pathway, it is important to regard this effect as
playing a possible role in the TPA stimulation of phosphatidylcholine
metabolism. If TPA causes a decrease in the endogenous amount of one of the
choline-containing precursors, this would then result in increased radio-—
specific activity and cause stimulated incorporation of labeled choline into
phosphatidylcholine. The measurement of CTP, phosphocholine, CDP-choline,

choline, and diacylglycerol will be determined (53) in control and TPA~exposed
cells,
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5. TPA effect onm phospholipid metabolism in myeloid blast cells

An important corrolary to the proposed experiments will be established by
using human leukemia cells that are resistant to TPA~induced differentiation.
Cells of the line K562 do not express macrophage-like characteristics
(morphology, adhesion, spreading, phagocytosis, NBT reduction, lysozyme
secretion) when exposed to TPA (70). We will use these cells in a series of
experiments, centering on 32p and [14C]cboline utilization, following protocol
as detailed in D. Part 2 (Studies of phosphatidylcholine metabolism using
radiolabeled precursors). These experiments will provide information that will
clarify the extent to which TPA can modify phospholipid metabolism per se
versus alterations in lipid metabolism that accompany the differentiation
process.

6. Specifics of procedure
a) Cell culture, differentiation, and subcellular fractiomation

The HL-60 cells will be grown in bacterial plastic Petri dishes (No.
1007, Falcon) in RPMI-1640 medium plus 20% fetal calf serum supplemented with
penicillin (100 units/ml) and streptomycin (100 pg/ml). K562 human leukemia
cells are presently cultured in our laboratory; Dr. B. Lozzio (University of
Tennessee Memorial Research Center, Knoxville) has agreed to donate his K562
line for future experiments. Cell numbers will be determined from cell counts
after excluding cells stained with trypan blue. Cells will be treated with TPA
24 hr after subculture. The concentration of TPA in the culture medium will be
8 x 107" M, This concentration, in our hands, has been sufficient to induce
differentiation; hovever, experiments will be conducted using a range of
concentrations, 1077 to 1.6 x 10-8, the highest being the amount employed by
most investigators. Explicit details of cell culture procedure, TPA
supplementation, and evaluation of cell differentiation have been cited
elsewhere (4, 27). TPA will be added to culture media in DMSO so that its
final concentration does not exceed 0.01%. This amount of DMSO has no effect
on cell growth or differentiation. Terminal differentiation induced by other
agents (33) will be carried out by incubating cells for 6 days in 1.25% DMSO,
in a like manner for cells grown in serum~free media (58), or in media
containing retinoic acid (1 x 107 M) as described by Breitman et al. (36). We
have shown in our previous study that the stimulation of phosphatidylcholine
metabolism preceeds the induction of differentiation (27). 1In view of this, it
is important to stress that when setting up the individual experiments, careful
consideration must be given to parameters such as time of exposure, cell
number. inducer concentration, and degree of cellular differentiation.
Therefore, these variables will be investigated exhaustively for the purpose of
comparing and contrasting the degree of differentiation with the modifications
observed in phosphatidylcholine metabolism. Cellular differentiation
(morphological) will be assessed periodically by performing differential counts
on Wright-stained cell preparations and based on the percentage of myelocytes,
metamyelocytes, and banded and segmented neutrophils and macrophages. The
control population comsists primarily of promyelocytes (90Z). Other criteria
include cell attachment and cessation of growth. Macrophage populations will
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be assessed. Biochemical markers for differentiation include NBT dye reduction
(35. 71), phagocytosis of Candida albicans (33), lysozyme release (29), and
specifically in the case of TPA, acid phosphatase activity for the macrophage-
like differentiation produced (59).

Plasma membranes will be isolated following a published protocol specific
for HL-60 cells (72). Nuclei will be isolated according to a procedure
described for guinea pig polymorphonuclear leukocytes (73). This procedure
employs the homogenization of cells in a medium that is slightly hypotonic
followed by immediate restoration of isotomicity. By this method, the
integrity of subcellular organelles is maintained. The purity of the
subcellular fraction will be established by assay of classical marker enzymes.
We will additionally utilize the methods of De Pierre and Karnmovsky (73) and
Michell et al, (74), which provide invaluable techniques for the isolation and
characterization of subcellular fractions.

b) Lipid isolation and anslyses

Lipids will be extracted from control and TPA-exposed cells by a modified
method of Bligh and Dyer (75) in which the methanol contains 2% glacial acetic
acid. Both neutral and polar lipid classes can be resolved by thin-layer
chromatography in a variety of solvent systems (76, see Appendix I). Neutral
lipids will be separated on layers on Silica Gel G and phospholipids resolved
by thin-layer chromatography on Silica Gel HR., A comparison of Re values with
commercial standards will be used for the identification of individual lipid
classes. The more refined separations include triacylglycerols and alkyldiayl-
glycerols, hexane/diethyl ether/acetic acid (80:20:1); cholesterol esters-wax
esters—alkyldiacylglycerols, benzene (100Z); and alkylglycerol-alk-l-enyl
glycerols, diethyl ether/acetic acid/water (100:0.5:0.5). Quantitative
analysis for the thin-layer-resolved lipids is accomplished by Ho80, charring
of the chromatoplates at 200°C followed by photodensitometry according to
Privett et al. (77). When radiolabeled lipid precursors are utilized in cell
culture systems, their distribution in the lipid extract will be determined by
zonal profile scamning of the chromatogram (78). The alkyl group content of
ether-containing phospholipids will be assessed by Vitride reduction to cleave
labile esters followed by resolution of the products, alkylglycerols and
alk-l-~enylglycerols, on thin-layer plates in a solvent system containing
diethyl ether/acetic acid/water (100:0.5:0.5).

An alternative system for plasmalogen identification will be employed to
differentiate between choline and ethanolamine plasmalogens (79). For phospho-
lipid phosphorus determinatioms, the lipids will be separated on thin-layer
plates (Silica Gel BR) in a system containing chloroform/ methanol/acetic
acid/water (50:25:8:4, v/v) and visualized by H,50, charring. The spots are
then scraped into test tubes for direct analysis of phosphorus (80).

Changes in the acyl group composition of phosphatidylcholine may indicate
altered physical properties of the membranes in control versus TPA-exposed
cells. To investigate the effects of TPA on acyl group composition, the phos-
phatidylcholine fraction from control and treated cells will be isolated by
preparative thin-layer chromatography in a solvent system coutaining
chloroform/methanol/acetic acid/water (50:25:8:4). Methyl esters will be
prepared by refluxing the phosphatidylcholine in methanol containing 22 sto4
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at 100°C (81) and analyzed by gas-liquid chromatography according to the
methods described by Blank and Snyder (82) and Blank et al. (83). Addi-
tionally. differences in the positional specificity of the fatty acids will be.
determined by gas-liquid chromatography after treatment of phosphatidylcholine
with phospholipase A, (84).

7. Priorities

The priorities of our proposed work will be essentially according to the
order outlined (pp. 18~21). However, preliminary data will be obtained through
lipid compositional studies of cells after specific treatments, and these
results will direct future project decisions so that major compositional
changes can be investigated from the point of view of establishing the
underlying mechanism for the change.

Timetable:

First vear: We will concentrate our efforts on determining the cellular
lipid compositional changes that occur in response to TPA-induced differeno-
tiation. Close scrutiny will be given to the influence of concentration and
time of exposure to TPA and how this effects the triacylglycerol, alkyldiacyl-
glycerol, phosphatidylcholine, phosphatidylethanolamine, and alkyl group
content of experimental cells. Studies will be initiated using labeled
compounds to assess the effects of TPA on the coupling of choline tranmsport and
phosphorylation, phosphatidylcholine acyl group metabolism, and de novo
synthesis of phosphatidylcholine. i

Second vear: Studies will begin utilizing alternate agents of induction
(DMSO, retinoic acid) and morphological and biochemical markers for differen—
tiation assessed. Phosphatidylcholine metabolism (32P, [laclcholine) will be
investigated in control and induced cells (HL-60), and in TPA-resistant K562
leukemia cells. The optimal conditions for assaying choline kinase, phospho-
choline eytidylyltransferase, and phosphocholinetransferase will be established
and experiments initiated to determine the effects of TPA~induced
differentiation on the activity of the anabolic enzymes.

Third vear: Studies on the activities of the phosphatidylcholine
biosynthetic enzymes will continue. Simultaneously, experiments will be
conducted to measure the effects TPA exerts on the cellular cofactors aund
substrates required for phosphatidylcholine synthesis. Throughout the 3-year
period we will be examining plasma membrane, nuclear, and microsomal cell
fractions in conjunction with our other experiments so that inductive locales
(target sites) can be continually assessed.
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E. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA

The biological materials used in this study consist of cultured cell
lines of human origin that were established in 1977. Our cell culture facility

is satisfactorily equipped to handle and dispose of this material in a safe
fashion.

F. LABORATORY ANIMALS
None.

G. CONSULTANT

Dr. Fred Snyder of our Division has agreed to serve as a comnsultant in
this research project. Also, within our Division we have an excellent cyto-
genetics department headed by Dr, Gayle Littlefield. She and her co-workers
have agreed to aid in the cytologic aspects of morphological assessment of
differentiation. Curriculum vita for Dr. Snyder and Dr. Littlefield are in
Appendix III.

We have working arrangements with a number of scientists outside our
group: cell biologists and toxicologists (Dr. Eliezer Huberman”s group, Argonne
National Laboratory), organic chemists (Dr. Claude Piantadosi’s group at the
University of North Carolina, Chapel Hill), and mass spectroscopists at the Qak
Ridge National Laboratory (Dr. William Rainey). These scientists will be
helpful in solving some of the specialized problems that might arise (cell
differentiation, characterization, synthesis, and identification of compounds).

B. CONSORTIUM ARRANGEMENTS OR FORMALIZED COLLABORATIVE AGREEMENTS
None.
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application entitled Lipid Metabolism in TPA-Differentiating Leukemia.

This project will be supervised by Dr. Myles Cabot. This grant is being
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. Oak Ridge Associated Universities is a nonprofit corporation sponsored
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of Energy. Certain conditions arising from this relationship between ORAU and
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Sincerely, ~ !
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WILLIAM E. FELLIG

William E. Felling
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September 18, 1981

Dr. William R. Bibb, Director
Research Division

Department of Energy

Oak Ridge, TN 37830

Subject: DRAFT APPLICATION TO NIH FOR A PROJECT ENTITLED "LIPID METABOLISM
IN TPA-DIFFERENTIATING LEUKEMIA"

Dear Dr. Bibb:

Enclosed are three copies of a draft application to NIH for a project
entitled "Lipid Metabolism in TPA-Differentiating Leukemia" to be carried
out under the direction of Dr. Myles C. Cabot. If approved, this work will
be carried out under procedures and policies already established between ORAU
and the DOE for work in facilities owned by DOE. Should any questions arise
during your review of this proposal please do not hesitate to call Dr. Cabot
at 6-3122.

Formal copies of this grant application should be forwarded to NIH no
later than October 26, 1981.

Sincerely,

(% 19 A Ahen

Philip/L. JoHinson
Executive Director
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Nome, Title ond Deportment of oll professional personnael engaged on project, beginning with Principal Investigator/Program Director
.

Myles C. Cabot, Biochemist, Biological Chemistry, Medical and Health Sciences Division

i i icotion’ ific oi logy and long-term abjectives, moking reference to
PLAN: Concisely describe the application’s specific sims, methodo! ; ) )
S\Es:c?:si‘l(’i?:ifciE:liﬁTCi':volvod and the health.relatedness of the project, The abstract should be self-contained sa that it can serve o3 o succinct
and accurate description of the application when separated from it, DO NOT EXCEED THE SPACE PROVIDED,

The potent tumor promoter, 12-0-tetradecanoylphorbol-l3-acetate (TPA) has been shown to
stimulate phospholipid metabolism in mouse epidermis and in a variety of cells maintained
in culture. When used as very low concentrations, TPA also induces differentiation in
human leukemic cells (HL-60). We have shown that TPA elicits stimulation of phospha-
tidylcholine metabolism in leukemia cells and that this stimulation preceeds the ex-~
pression of the various differentiation markers. However, the mechanism by which TPA
alters phospholipid metabolism and the role of phosphatidylcholine in the cell differ-
entiation process remains obscure. Essentially no information is available at the
molecular level regarding the effect of TPA on the enzymes and cofactors responsible for
phosphatidylcholine synthesis., By utilizing tumor promoters, such as TPA, we will be
able to correlate the dynamics of phospholipid metabolism with cellular differentiation.
Total lipids isolated from control and TPA-exposed cells will be rigorously analyzed,
and the activities of the key enzymes of phosphatidylcholine synthesis (choline kinase,
CTP-phosphocholine cytidylyltransferase, CDP-choline:l,2-diacylglycerol phosphocholine-
fransferase) will be characterized in vitro. Additionally, TPA may modify phosphatidy-
tholine metabolism by altering the levels of intracellular cofactors and precursors.

The levels of CTP, phosphocholine, choline, CDP-choline, and diacylglycerol in

control and treated cells will be determined. The assimilation of radiolabeled fatty
acids into phosphatidylcholine and de novo synthesis from glucose and glycerol will in
turn be investigated to supply information on the turnover of the hydrocarbon vs.

polar head group moieties, The ultimate objective is to understand what factors are
|responsible for the TPA-induced stimulation of phosphatidycholine turnover in differ-
entiating cells,

LABORATORY ANIMALS INVOLVED. Identify by common names. If none, state ‘‘none"’
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PRINCIPAL INVESTIGATOR/PROGRAM MPECTOR;: _ CABOT, Myles C.

TABLE OF CONTENTS

Number pages consecutively ot the bottom throughout the application. Do not use suffixes such os
5a, 5b. Type the name of the Principal Investigator/Program Director ot the top of each printed poge
and each continvation poge.

SECTION 1. PAGE NUMBERS

3

—
1]

Foce Page, Abstract, Toble of Contents.eeuicinrerenecsssnrstocerensanceanannssonsans
Detailed Budget for First 12 Month Budget Period cevieeresrsessrtssereerseassssssannns
Budget Estimates for All Years of Support..ieiiiieiereniiiirenesnestesescssosasonenns
Biogrophical Sketch-Principal Investigator/Progrom Director (Not to exceed two pages).. ...
Other Biographical Sketches (Not to exceed two poges for €ach) v vvevrenvenvrnereenannes
OthEr SUPPOIt s e usontoesssosonanssussesnssenssesssonesesnesosessssncnnsnanssooass

AR

Resources and Environment v.cevereeevennnenses ceececeninnen ctaseeresersetasssranan

SECTION 2.

Inteoduction (Excess pages; revised ond supplemental opplicotions) «esecrscecsassesennas
Research Plan

Specific Aims (Not 1o exceed 0ne PAgE) veveieeeneeresveesssssssasssnssssssnses
Significance (Not 10 exceed three POGES) . eeeessssesesoscesescesoessesnssonsnsss
Progress Report/Preliminary Studies (Not to exceed eight pages) «eveuvvesnreenass

Methods v evuiveureeranssevsesronnssensanoerenssonsencnansas Ceeressaanansnen
Human Subjects, Derived Materials 0r Data. . veneerivinosnsersssnenssoncrssanns
L aboratory AnImols veeeeieeeeroneneeenessonesnneononeesonnecansescanasnnsses

CONSUIONTS e et teresaesosncrsonsoseosonnaensoensoosssssossssesesnanneeess
Consortium Arrangements or Formalized Collaborative Agreements vovevreeavnnnses
. Literature Cited covuverrarevosesusosasscocssensionnossessoseessosesssossnane
Checklist vevvrerecnenens ttedtsstecesaenrrnaetnronn teesrrreeenaes Ceereeecensnneas
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SECTION 3. Appendix (Six sets) (No page numbering necessary for Appendix)

Number of publications: ______ Number of manuscripts:
Other items (list):

Application Receipt Record, form PHS 3830
Form HEW 596 if ltem 4, page 1, is checked "'YES'"
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
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CABOT, Myles C.

DETAILED BUDGE. . OR FIRST 12 MONTH BUDGET PERIOD

DIRECT COSTS ONLY

FROM
07/01/82

THROUGH
06/30/83

DOLLAR AMOUNT REQUESTED (Omit cemrs)

PERSONNEL (Applicant organization only) (See instructions) TIME/EFFORT
ERINGE
SALARY TOTALS
NAME TITLE OF POSITION % | Moy per BENEFITS ’
Cabot, Myles C,, Ph.D. Principal Investigatar 50 20 15,000 3,000 18,072
Welsh, Clement J. Research Associate 50 20 9.430 2,120 11,352
TO BE NAMED Postdoctoral or
Research Technician 100 40 18,000 3,600 21,609
SUBTOTALS 1 42,430 8,720 51,150
CONSULTANT COSTS {See instructions)
EQUIPMENT (ltemize)
Coulter Counter $4,650 4,650
SUPPLIES (I1emize by category)
Tissue Culture Ware $2,300
Cell Culture Media & Serum 4,000
Chemicals 1,700
Radiolabeled Compounds 4,600
12,600
DOMESTIC 1,000
TRAVEL FOREIGN
PATIENT T INPATIENT
ATIENT CARE COSTS OUTPATIENT
ALTERATIONS AND RENOVATIONS (itemize by category)
CONTRACTUAL
OR (Sce
THIRD PARTY instructions)
COSTS
OTHER EXPENSES (Itemize by category)
TOTAL DIRECT COSTS (Also enter on puge 1, item 8) |3 69 ,400
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PRINCIPAL INVESTIGATOR ‘PROGRAM DIRECTOR: CABOT, Myles C.

BUD T ESTIMATES FOR ALL YEARS OF ’PORT REQUESTED
DIRECT COSTS ONLY

BUDGET CATEGORY ]’;i%iggT ADDITIONAL YEARS SUPPORT REQUESTED
TOTALS
(from poge 4} 2uC 3d 4th Sth

PERSONNEL (Solary ond
fringe benefits.)
(Applicont orgonization only) | 57 150 56,300 61,900
CONSULTANT COSTS
EQUIPMENT 4,650 0 0
SUPPLIES 12,600 13,900 15,300

DOMESTIC 1,000 1,000 1,000
TRAVEL

FOREIGN
PATIENT | 'NPATIENT

CARE
€osTS OUTPATIENT
ALTERATIONS AND
RENOVATIONS
CONTRACTUAL OR THIRD
PARTY COSTS

OTHER EXPENSES : 0 500 500
TOTAL DIRECT COSTS $69,400 $71,700 $78,900

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (Also enter on page 1, item 7}

| $ 220,000

JUSTIFICATION (Use continuation poges if necessary): Briefly describe the specific functions of the personnel and consultants, For all yeors,
justify ony costs for which the need moy not be obvious, such os equipment, foreign trovel, alterations and renovations, ond contractual or third

porty costs, For future years, justify any significant increcses in ony cotegory. in addition, for COMPETING CONTINUATION epplications,
justify ony significont increases over current level of support. If o recurring annuel! increose in personnel costs is onticipated, give percentage.

Recurring Increseas in Persomnel Costs computed at 10%.

Equipment Justification:

lst Year - Coulter counter model ZF Serial 6600338 - Our present Coulter counter
(model B) is an old, tube model with an excessive amount of down—-time. Accurate,
reproducible and rapid cell number assessment is an essential guideline for the current
project, as ell number data will be used for differentiation criteria. The model ZF
is the most economical counter of the series and offers all the features we require.

Personnel Justification:

) Clement Welsh (Research Associate). Mr. Welsh was trained by me and works closely
with me on the gL—6O project. He will be carrying out lipid composition analyses (These
are time consuming and require skill). In addition, those duties which Mr. Welsh will

aid include cell culturing, induction of differentiation protocol in vitro enzyme assay
and laboratory management, .

PHS5-398
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Postdoctoral or technician (to be named). This person will devote 1007 of
their time to project research; the position will require a working background in
cell biology. The major duties of this position will be assessment of cell
differentiation criteria (both morphological and biochemical) using the induction
agents listed at various doses over various time intervals. In addition, in vitro
enzyme assays of the phosphatidylcholine-metabolizing activities will be an im-
portant facet of this position,

1079642
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PPINCIPAL INVESTIGA TOR PROGRAM DIRECTOR: CABOT, Myles C.

BIOGRAPHICAL SKETC

Give the following informotion for key professional personnel listed on page 2, beginning with the
Principal Investigator./Progrom Director. Photocopy this poge for each person,

NAME TITLE BIRTHDA® £ (Ma.,Day, Yr.,

Myles C. Cabot Biochemist —

EDUCATION (Beogin with boccalaureote troining ond include postdoctoral)

YEAR
INSTITUTION AND LOCATION FIELD OF STUDY
DEGREE CONFERRED

W e Sl L Led

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi-
ence, ond honors. include present membership on any Federol Government Public Advisory Committes, List, in chronological order, the titles cad
complete references 1o recent represeniative publications, especiolly thase most pertinent to this application. Do not exceed 2 pages,

1970-1972: Graduate Assistantship; 1969-1972, Laboratory Assistant~-Western Carolina
Univ., Cullowhee, NC.

1975-1976: 1Instructor; 1974~1976: Assistantship; 1972-1974, Fellowship--The Hebrew
Univ. Jerusalem, Israel,

1976-1978: Damon Runyon-Walter Winchell Postdoc. Fellow in Cancer Research, Medical
and Health Sciences Division, 0Oak Ridge Associated Universities, Oak Ridge,
Tennessee.

November 1978-Present: Scientist I, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, Tennessee (Biochemist, April 1979)

PUBLICATIONS

Cabot, M. C. and Gatt, S. Lipase activity in rat brain. Isr. J. Med. Sci. 11, 1194, 1975
(abstract)

Cabot, M. C. and Gatt, S. Hydrolysis of neutral glycerides by lipases of rat brain
mierosomes. Biochim. Biophys. Acta 931, 105-115, 1976.

Cabot, M. C. and Gatt, S. Substrate specificity of the microsomal acid lipase of rat
brain. 1Isr. J. Med. Sci. 12, 1368, 1976 (abstract)

Cabot, M. C. and Gatt, S. Hydrolysis of endogenous diacylglycerol and monoacylglycera’ by
lipases in rat brain microsomes. Biochemistry 16, 2330-2334, 1977.

Cabot, M. C. and Gatt, S. Rat brain microsomal lipase aectivity. Adv. Exp. Med. Biol.
101, 101-111, 1978. :

Cabot, M. C. and Snyder, F. The manipulation of fatty acid composition in L-M cell

monolayers supplemented with chaulmoogric actid. Arch. Biochem. Biophys. 190, 838-846,
1978.

Cabot, M. C. and Snyder, ¥. Assimilation of wwnatural aliphatie moieties into complexz
lipids of neoplastic cells. 1In: - XII International Cancer Congress, Buenos Aires,
Argentina, Abstracts, Workshops, Vol. 1., 1978, p. 177 (Abstract 18).

Cabot, M. C. and Gatt, S. The hydrolysis of triacylglycerol and diacylglycerol by a

rat brain microsomal lipase with an acidic pH optimum. Biochim. Biophys. Acta 530,
508-512, 1978.

Cabot, M. C. and Snyder, F. Manipulation of alkylglycerolipid levels in cultured cells

Fatty aleonol versus alkylglycerol supplements. Biochim. Biophys. Acta 617, 410-418,
1980.
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Cabot, M. C., Welsh, C. J., Callaham, M. F., and Huberman, E. Alterations in lipid
metabolism induced by 12-0-tetradecanoyl-phorbol-13-acetate in differentiating human
myeloid leukemia cells. Cancer Res, 40, 3674-3679, 1980.

Cancer Res, 40, 3674-3679, 1980.

Cabot, M. C. and Goucher, R.R. Chaulmoogric acid: Assimilation into the complex
lipids of mycobactertia. Lipids 16, 146-148. 1981.

Cabot, M. C. and Lumb, R. H. The activity of a low temperature lipase in the larvae
of Sarcophaga bullata (Diptera: Sarcophagidae). Comp. Biochem. Physiol. 68B,
325-328, 1981,

Cabot, M. D. and Welsh, C. J. Ether lipid studies in mouse C3H/10T1/2 cells and a
3-methylcholanthrene transformed clone., Arch. Biochem. Biophys. (in press).

Cabot, M, C. and Welsh, C. J. Fatty acid metabolism in phorbol ester-differentia-
ting human leukemia cells. Cancer Res, (in press)

Cabot, M. C., Welsh, C. J., and Snyder F. Modifying the levels of ether-1linked
1ipids in L-M cells alters growth and choline utilization. Exptl. Cell Res.
(Submitted).
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PRINCIPAL INVESTIGATOR/PROGRAM DIREC

OTHER SUPPORT
(USE CONTINUATION PAGES IF NECESSARY)

For each of the professionals named on page 2, list, in three separate groups: (1) active support; (2) opplications
pending review and/or funding; (3) applications planned or being prepared for submission. Include all Federal, non-
Federal, ond institutional grant and contract support. If none, state ‘‘NONE."’ For each item give the source of support,
identifying number, project title, nome of principal investigator/program director, time or percent of effort on the project
by professional nomed, annual direct costs, and entire period of support. (If part of a larger project, provide the titles of
both the parent grant ond the subproject and give the annual direct costs for each.) Briefly describe the contents of each
item listed. |f ony of these overlap, duplicate, or are being replaced or supplemented by the present application, justify
and delineate the nature and extent of the scientific and budgetary overlaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
(1) ACTIVE SUPPORT:

Investigator currently has no individual research support. He is supported under
other larger projects:

A.

American Cancer Society, Grant No. BC-70L; '"Metabolism, Regulation and Function
of Ether-Linked Glycerolipids and Their Precursors in Cancer Cells"; Dr. Fred
Snyder: Senior Investigator; 20% Effort: $58,150 annual direct costs and
entire period support; Purpose is to study the metabolism and regulation of
ether- and ester-type glycerolipids in selected cancer cells.

NIH; Grant No. 5 ROl CA 11949-12; "Ether Lipids in Cancer - Enzyme Mechanisms";
Dr. Fred Snyder: Senior Investigator; 25% effort; $57,404 annual direct

costs; $305,031 TDC entire period of support; Purpose is to purify key enzymes
involved in the metabolism of ether linked lipids, so their kinetic properties
and reaction mechanisms can be established.

DOE; Contract No. DE-ACO5-760R00033; "Lung Surfactant, Membrane, Lipids and
Energy Biohazards'; Dr. Fred Snyder: Senior Investigator; 55% effort; $223,549
annual direct costs and entire support period; Purpose of research focuses on
health problems created by newer energy technologies; study the effect of chemical
toxicants, carcinogens and radiation on systems being investigated.

(2) NONE.

(3) NIH; Grant Application; "Lipid Metabolism and Differentiators of Leukemia®;
Dr. Myles Cabot; Senior Investigator; 50% effort; $64,500 lst year annual direct
costs; $376,500 TDC total support period; The purpose to establish alterations
in cellular lipid composition between undifferentiated cells and cells treated
with various inducers of differentiation.

1079040
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* PRINCIPAL INVESTIGATOR/PROGRAM DIREC . _ ¢

RESOURCES AND ENVIRONMENT

FACILITIES: Mark the facilities to be used and briefly indie te their copacities, pertinent capabilities, relative proximity ond
extent of availability to the project. Use ‘‘other’’ 1o describa facilities ot other perfarmance sites listed in ltem 9, page 1, and o
sites for field studies, Using continuation pages if necesa ary, include a description of the noture of any colloboration with ather
orgonizations and provide further informotion in the RESEARCH PLAN.

ES_{_'I Laboratory: My laboratory is approximately 17 x 25 ft.; it is qell equipped for carring
° out experiments and has two offices adjacent, one of which contains a freezer
and refrigerator. The lab is located in the biochemistry department of the
Medical and Health Sciences Division with analytical and preparative
capacities at hand.

D Clinical:

D Animal:

We have immediate access to computer ware.
Computer

EOffice: My office is located adjacent to my laboratory.

@ Othes (_ T1ssue culture y: We have two culture facilities, on e located directly
" across the hall from my laboratory. The human cell culture
lab is located upstains (approx. 45 seconds away).

MAJOR EQUIPMENT: List the most importont equipment items already available for this project, noting the location, ond pertinent
copabilities of each,  Lipid nitrogen refrigerator; thin-layer chromatographic equipment,
including zonal scraper and spark chamber; photodensitometer; preparative and analytical
centrifuges; Model E ultracentrifuge, liquid scintillation.spectrometer, gas-liquid
chromatographs; HPLC; Beckman DU and Acta C-III spectrometer; Cahn electrobalance;
protein isolation equipment. All the equipment is in excellent working order and
located in the labs adjacent to. my laboratory. Service contracts are active.

ADDITIONAL INFORMATION: Provide any other information describing the environment for the project. Identify support services
such as consultants, secretarial, machine shop, and electronics shop, ond the extent to which they will be available to the project,
We have on board secretarial staff, machine and electronics shop, access to electron
microscopy, mass spectrometry; consultants in the areas of cell biology, cytogenetics,
organic chemistry. The support services are readily availahle.

PHS.398 PAGE
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PRINCIPAL INVESTIGATOR/PROGRAM DIREC

DETACH AND CLIP TO THE SIGNED FACE PAGE OF THE APPLICATION

PERSCNAL DATA ON
PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

The Public Heolth Service has a continuing commitment to monitoring the operation of its review and
award processes to detect—and deal appropriately with~any instances of real or apparent inequities
with respect to age, sex, race, or ethnicity of the proposed principal investigator/program director.

To provide the PHS with the information it needs for this important task, the principal investigator/
program director is requested to complete the form below and ottach a single copy to the signed face
page of the application.

Upon receipt and assignment of the application by the PHS, this form will be detached from the applica-
tion. It will NOT be duplicated and will NOT be a part of the review process. Dota will be confidential,
and will be maintained in Privacy Act record system 09-25-0036, *'Gronts: IMPAC (Gront Contract in-
formation).’’ All onalyses conducted on the data will report aggregate statistical findings only and will
not identify individuals.

If you decline to provide this information, it will in no Qoy affect consideration of your application.

Your cooperation will be appreciated.

Sex: D Female m Male
{Month/Day/Y ear)

Date of Birth:

Race and/or Ethnic Origin:

Check one:
D American Indion or Alaskan Native

D Asian or Pacific Islander
DrBlack, not of Hispanic origin
D Hispanic

E] White, not of Hispanic origin

NOTE: The category that most closely reflects the individual’s recognition in the communi'y' should be

‘;Sed for purposes of reporting mixed racial ond/or ethnic origins. Definitions are on the back of
orm.,
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Rev. 10779 ‘ 0 1964 5!



ghabLOl

AR I DU 11 PR R . Co L : . b

Priviledged Communi~~tion CAP“TI Miles C.I

RESVA T Tl
A. SPECIFIC ALlS

12-0-Tetradecancylphorbol=13-acetate (TPA) applications tc wouse sxin
result in tiue procuction of beth teni:n and walignant tumors if the TPA treat-
ment 1s prececded by a single, subcarcinogenic application of an initiating
zgent, such as 7,l2-diwethylbenz{alanthracene (Baird and Boutwell, 1971;
Hlecker, 1971; Van Duuren, 1969). However, it is signiiicant to note that
phorbol esters, when used in the absence of tumor initilators induce rather
than inhibit differentiation in human leukemia cells (Huberman and Callaham,
1979) and stimulate differentiated functious in human melanoma cells
(Huberman et al., 1979). We have recently initiated studies of the alterations
in 1lipid metabolism elicited by treatment of human leukemic cells in culture
with the potent tumor promoter, TPA. These studies revealed that TPA has a
profound effect on lipid metabolism, in particular phosphatidylcholine.

As phospholipids are an integral component of plasma membranes and
intracellular organelles, their possible role in cellular differentiation warrants
closer investigation. Furthermore, we have observed that TPA treatment causes
alterations in the levels of alkyldiacylglycerols. This class of ether-linked
lipids, and their polar counterparts, 1-0-alkyl-2-acylglycerophosphatides, occur
at characteristically high levels in cancer cells (Snyder and Wood, 1963, 1969).

Specific goals are to establish what alterations in cellular lipid
composition occur during TPA-induced differentiation of human cancer cells, with
particular regard to the levels of phosphatidylcholine and membrane-associated
O-alkyl and Q-alk-l-enyl glycerophosphatides. Once these changes are established,
lnvestigations at the cellular and molecular levels regarding the effect of TPA
on the enzymes, substrates, and cofactors of phosphatidylcholine metabolism will
be carried out. These studies will be initiated using cell cultures to determine
rates of incorporation of acyl groups versus polar head groups and glycerol and
glucose via de novo synthesis. The experiments will be designed to determine
turnover of different components of the molecule (polar head group, hydrocarbon
moieties) during TPA~induced differentiation. 1In turn, we will utilize cell-free
homogenates to assess which enzymes of phosphatidylcholine synthesis are affected
during TPA exposure. Those activities that will be investigated include choline
kinase, CTP-phosphocholine, cytidylyltransferase, and CDP-choline:1,2-diacyl-~
glycerol phosphocholinetransferase. Additional emphasis will be placed on deter-
mining the effects of TPA on the intracellular levels of required substrates and
cofactors such as CTP, phosphocholine, CDP-choline, choline, and diacylglycerol.
We endeavor to determine if phosphatidylcholine turnover is linked to the in-
duction of differentiation. This query can in part be answered by comparing
32p and '“C choline utilization in cells induced to differentiate by treatment
with dimethyl sulfoxide and retinoic acid. Finally we wish to define the
location of the induction by TPA leading to the lipid alterations by examining
the assimiliation of labeled precursors in isolated subcellular fractions.

B. STGNIFICANCE

Berenblum (1941) discoverecé that 3 single zpplication of benzpyrene to
wouse skin followed by multiple cpplications of croton oil had the remarkable
ability to elicit tumor growth. The carcinogenic principles of croton oil are
the 12,13-diesters of the polyfunctiocnal, tetracyclic diterpene parent alcohol
vhorbol (lecker, 1966). 12-C~Tetradecanoylphcrbol-l3-acetate, the rost
abunuant and most zcrive tumor promoting agent of croton oil, has been used
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vwidely in the two-stage iouse shkin carciunogenesis systei: (Boutwell, 1975) to
stucy tiie mecaanisw of tumor promotion. The use of tissue culture systens hLos
aided greatly in elucidcting the biological comsequences of TPA exposure. Early
vork with culturec lleLa-cells ias demonstrated the effectiveness of TPA as a
thywidine blockin; agent, a stimulator of choline incorporation, and zn inducer
of cell yrowth (Suss et al., 1972). Recent studies have shown that when tuner
promoters are usec singly they inhibit spontaneous and incduced differentiation
in murine erytiiroleukemia cells (Yawmasaki et al., 1977; Fibach et al., 1979;
Rovera et a1.,1977), uouse neurovlastoma cells (Ishu et al., 1978), 3T3 fibro-
btlasts (Cianord et al., 1977), and avian myoblasts (Cohen et al., 1976).
Coaversely, studies with hLuman myeloid levkemia cells (Huberman and Czllabhamn,
1979; Rovera et al., 1979) and hunan melanoma cells (Hubermzn et al., 1979)
have revealed a rather dramatic action of phorbol esters: one of induction
rather than inhibition of cellular differentiation.

In addition to the previously discussed dichotomy of events elicited by
TPA on cellular differentiation, tumor-promoting phorbol esters significantly
alter 1ipid metabolism. Rohrschneider and Boutwell (1973) and Balmain and Hecker
(1974) exanined the relationship between TPA~incuced tumor formation in niouse
epldermis and phospholipid metabolism and found that TPA stinulated the ezrly
synthesis of phosphatidylethanolamine and phosphatidylcholine. In bovine
lymphocytes TPA causes an enhanced labeling with [methyl-3lilcholine of
phosphatidylcholine, lysophosphatidylcholine, and sphingomyelin (Vertz and
llueller, 1978). Likewise, Hela cells incubated with low ccncentrations of TPA
(10-% to 107° i) show z rapid increase of choline incorporation into cellular
phosphatidylcholine (Kinzel et al., 1979). The possibility that TPA changes
anly the permeability of the plasma membrane for the radioactive precursor was
excluded, since the effect of TPA on lipid metabolism was also observecd when
tke cells were preincubated with lasbeled choline. In acdition to the gemeral
effect of TPA on phospholipid metaboliswm, TPA has 21so been shown to evoke
other lipid-associaed alterations in a variety of systens: these include
modifications of 1ipid microviscesity in lympiioblastoid cells (Castagnz et al.,
1979), inhibition of adipose conversion in 3T3 fibroblasts (Diamond et al.,
1977), stinulation of secretion of disaturated phosphaidylcroline from alveolar
type II cells (Dobbs arnd Mason, 1973), enhanceuent of phospholipase activity
and prostaglandin procuction (Levine and Hassid, 1977; Levine amd¢ Ohucki,
1978), and alterations in ganglioside metabolism in huwman melanoma cells
(Huberman et al,, 1979)., We have recently shown (Cabot et al., 1980) that
TPA-induced differentiation of human myeloid leukemia cells (HL-60) is
accompanied by a stimulation of phospholipid metabolism (before the markers
of differentiation are expressed), enhanced incorporation of acetate into free
fatty acids and neutral lipids, an increase in the amount of cellular tri-
acylglycerols, and a selective incorporation of fatty alcohol into triacyl-
glycerols and their ether—containing analog, alkyldiacylglycerols.

Whereas, a number of investigators have shown that TPA supplementation
to cell cultures causes myriad alterations in lipid metabolism, the diverse
effects of phorbol esters on cellular differentiation provides a morpnologial
uarker for correlating with TPA-induced modifications of lipid metabolism. In
tthis regard, a cell system in which markers for differentiation can be followed
would provide 2 unigue wmodel for studying lipid-related biochemical events
during the differentiation process. Huwan myeloid leukemia cells (HL-60) are
extremely useful for such studies, since a large population of the cells (nwore
than SC%) can pe induced to cifferentiate by phorbol diesters (Huberman and
Callaham, 1979). TPA-Induced differentiation in these cells has been
characterized by worphological changes, decreased cell division, an increase in
the percentage of phagocytizing cells, attachuent of the cells to the
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substraturn. (iiuberman and Callahan, 1979) and stimulation of synthesis and
extracellular rclease of lysozymes (unpublished data). This last finding is of
interest in velw oi the faclL that ZPA can cause lysozyme release from
peripheral blood polymorpironuclear levkocytes, but not from azlveolar
macrophages (Coldstein et al., 1975; Digger, 1978).

Although the action of TPA as an inducer of cell differentiation has
been the object of considerable study, a variety of compounds, unrelated
chemically, have been shown to induce morphological and biochemical alterations
in numerous cell lines. DMSO induces erythroid differentiation in mouse erythro-
leukemia (Friend) cells and the morphological, biochemical and immunological
changes induced have been well characterized (Friend et al., 1971; Ross et al.,
1972; Ikawa et al., 1973). The differentiation-inducing effect of DMSO has
recently been demonstrated in human cells (Collins et al., 1978; Huberman et al.,
1979; Collins et al., 1979; Collins et al.,, 1980), and retinoic acid, another
patent differentiator has been shown to induce maximal differentiation (Approx.
90%) of human promyelocytic leukemia cells at a concentration of 1luM, and amount
much less than the concentration needed for DMSO to produce similar differentia-
tion (Breitman et al.,, 1980b). These studies suggest that HL-60 cells share
common target sites for the induction of differentiation by these compounds,

Lipids are important components of cellular membranes and membranes are
important terzets for phorbol esters (Vemner et al., 1974; Lee 2nd Veinstein,
1973; Sivak et zl., 1972). Under conditious of in vitro exposure, TPA has been
shown to effactively increase the specific activities of the plasma membrane
enzymes Na+—Kf—ATPase and 5'-nucleotidase; the microsomal enzymes, NADH diaphorase
and glucose-6-phosphatase, were not affected (Sivak et al., 1972). However, no
information is available that defines the effects of in vitro TPA exposure on
enzymes of phosphatidylcholine biosynthesis.

As has been shown by numerous ihvestigators, phosphatidylcholine is the
crucial lipid affected by TPA. The majority of these studies have dealt with the
gross effects of TPA on lipid metabolism. Essentially no information is available
at the molecular level regarding the effect of TPA and induced cellular differ-
entiation on the enzymes and cofactors responsible for phosphatidylcholine
synthesis., Additionally, a shortcoming of previous studies has been the failure
to define if the stimulation of phosphatidylcholine metabolism is linked to the
induction of differentiation in HL-60 cells. Although TPA has been shown to
significantly alter phosphatidylcholine metabolism in HL-60 cells and other
cell lines, DMSO and retinoic acid, effective agents of induction, have not been
investigated. Kinzel et al., (1979) have shown that DMSO enhances the incor-
poration of [®H] choline into Hela cells. DMSO was not as effective as TPA,
however these investigators used 0.5%, an amount equal to that which is intro-
duced when TPA is added to cultures using DMSO as a vehicle, but not sufficient
to induce maximal differentiation of HL-60 cells., (Collins et al., 1978).

Phosphatidylcholine, a structural component of animal cells, has been
implicated in the modulation of certain enzyme activities (Finean, 1973).
Phospholipid metabolism has also been linked to events leading to the stimu-
lation of growth (Aizawa and Mueller, 1961; Cunningham, 1972; Fex, 1970;
Pasternak, 1972; Spooner and Gorski, 1972). It is therefore possible that
this membrane constituent plays a role in cell regulation. In this respect,
the relationship of phosphatidylcholine to cellular differentiation has
received little attention, mainly because of the lack of an appropriate
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model system wherein modifications of p'.ospholipid metabolism can be correlated
with the appearance of differentiation markers. The experimental system described
herein provides numerous advantages that will facilitate the investigation of
phorbol diesters as modulators of cell differentiation and phospholipid metabolism.
Our investigations as well as studies by others, demonstrate that one of the
earliest events elicited by TPA is the stimulation of phosphatidylcholine
metabolism. This information reinforces the theory that membranes are an

important target of phorbol esters, and thus could modulate signals which

initiate cellular responses,

The major pathway for phosphatidylcholine biosynthesis was elucidated by
Kennedy and coworkers (1962). A second mode of synthesis involving the methyl-
ation of phosphatidylethanolamine by the transfer of methyl groups from
S-adenosyl-methionine was described by Bremer and Greenberg (1961). Lands and
his colleagues were the first to demonstrate the deacylation-reacylation cycle
of phosphatidylcholine synthesis (Lands, 1960; Lands and Merkl, 1963). Although ;
of minor significance, phosphatidylcholine can additionally be synthesized by a /
base exchange reaction (Van Golde and Van den Bergh, 1977). Of the enzymes I
involved in phosphatidylcholine biosynthesis, it now appears that the regulated |
step 1s catalyzed by the soluble enzyme, CTP-phosphocholine cytidylyltransferase
(Sundler et al., 1972; Vance and Paddon, 1978; Vance et al., 1980). The first /
step in phosphatidylcholine biosynthesis, the conversion of choline to phospho-
choline, is catalyzed by choline kinase; the last step in phosphatidylcholine
biosynthesis is under the control of CDP-choline:'l,2-diacylglycerol phospho-
choline transferase and converts diacylglycerol and CDP-choline to phospha-
tidylcholine. With the evidence that tumor promoters elicit remarkable
alterations in the metabolism of phosphatidylcholine in bovine lymphocytes
(Wertz and Mueller, 1978) and Hela cells (Kinzel et al., 1979), there has been
little advancement regarding the mechanism responsible for this effect. It
has been shown that one of the earliest effects elicited by tumor-promoting
phorbol esters is the stimulation of phosphatidylcholine metabolism (Kreibich
et al., 1971; Suss et al., 1971, 1972). These results implicate the involve-
ment of membranes and their 1lipid components in the mechanism of cellular
growth and differentiation; phospholipid metabolism has been shown to play an
important role in the events leading to the stimulation of growth (Aizawa and
Mueller, 1961; Cunningham, 1972; Fex, 1970; Pasternak, 1972; Spooner and Gorski,
1972).

The following points need to be considered in proposing the mechanism
by which TPA stimulates phospholipid metabolism. Wertz and Mueller (1978) have
shown that the phospholipid response to TPA is insensitive to the inhibition of |

RNA and protein synthesis. Additionally, these investigators have evidence to
indicate that TPA activation of phospholipid metabolism does not require a

major redistribution of phospholipid-metabolizing enzymes. Thus, the mechanism
of action of phorbol esters may involve a direct effect on the phospholipid
synthetic enzymes. With these factors in mind, a thorough investigation of

the phospholipid metabolizing enzymes during TPA-induced cellular differentiation
will also lend information regarding the role of phosphatidylcholine in cell
growth and differentiation.

107960l
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C. PRELIMINARY STUDIES

Our initial results which document dramatic alterations in lipid
metabolism occuring in TPA-differentiated human myeloid leukemia cells have
been published (Cabot et al,, 1980). The data and description of these experi-
ments can be seen in the attached reprint (Appendix I). Briefly, this work
shows that TPA-induced differentiation of HL-60 cells is accompanied by a
stimulation of phospholipid metabolism before the markers of differentiation
are expressed. Phospholipid metabolism was assessed by differences in the
utilization of labeled precursors, 32p and [I“C]choline, by control and
TPA-treated cells, Although other changes in lipid metabolism were demonstrated,
we beleive, from our most recent studies (manuscript, Appendix I) that in-
creased triacylglycerol levels documented in treated cells is a characteristic
inherent to the differentiated cell, whereas the flux in phosphatidylcholine
metabolism is early in the event of differentiation. This may suggest that the
stimulation of phosphatidylcholine metabolism by TPA is linked to the induction
of differentiation.

The effects of TPA-induced differentiation on phospholipid metabolism
have been limited to studies using labeled precursors of the polar head groups,
thus little is known about the effects of phorbol ester-induction on fatty
acid metabolism., A topic of ongoing investigation has therefore been in the
direction of acyl group metabolism of the phospholipids (manuscript, Appendix 1I).
As the data and description of these experiments are outlined in detail, only a
brief description of that investigation follows. 1In cells incubated with labeled
fatty acids for 1 hr, the percent distribution of lipid radioactivity is highest
in the phospholipids of undifferentiated cells, whereas in TPA-supplemented
cultures, substantially more label is associated with triacylglycerols. This
trend was confirmed by data derived from analysis of lipids in undifferentiated
and TPA-treated cells (8 X 10-1%M TPA, 48 hr), where in the latter, the amount
of triacylglycerols increased 3,2-fold. The increase in the amount of cellular
phospholipids was not as pronounced. Whereas a marked stimulation of the
incorporation of 32p and choline into phosphatidylcholine has been shown to
occur in TPA-differentiated cells, acyl group metabolism in phospholipids is
affected to a much lesser degree. Thus the turnover of the polar portion of
the molecule appears to be stimulated more than the hydrophobic moieties of
phospholipids, An interesting aside to fatty acid metabolism in differentiating
cells was the finding that the desaturation of stearic acid (conversion of
[1-!"C]stearic acid to [1-'"Cloleic acid by cell cultures) was greatly reduced
compared to control activity. A corrolary reflecting the cellular conse-
quences of this phenomenon was shown by the marked differences in acyl group
composition of triacylglycerols in differentiating cells, which contained
decreased amounts of unsaturates compared to the triacylglycerol fatty acid
profile of undifferentiated cells. -

We have endeavored to determine if the rate of uptake of free fatty
acids is higher in differentiated cells. At early times after TPA exposure
(1 - 4 hr) there was no stimulation of the cellular uptake of labeled fatty
acids, however differentiated cells (24-48hr TPA-treated), when exposed to
labeled acids, contained more radioactivity than undifferentiated cells. This
phenomenon was however variable and dependent on the fatty acid supplemented,
with arachidonic acid showing the greatest uptake differential. When [1-1“C]pal—
mitic acid and TPA were added simultaneously to cultures and incubated for 48 hr,
the cells contained approximately twice the radioactivity (dpm/mg cell protein)
compared to cells labeled in the absence of TPA for the same time period.

1019652
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Qualitative analyses of the lipids in the control and TPA-treated cells showed
the latter to contain a 4-fold increase in the amount of triacylglycerol-
associated radioactivity.

The study of acyl group metabolism in phospholipids of differentiated
cells has only been touched on; we have confirmed that the phosphatidylcholine
fraction isolated from TPA-differentiated cells, labeled with [1-!“C]stearic
acid, contains more radiocactivity than the ethanolamine-containing phospho-
glycerides (Approx. 2 times). Our preliminary data on fatty acid metabolism
coupled with our previous findings on polar head group utilization has yielded
significant information to form a natural backdrop for continued studies. We
are most excited with our results of late: by utilizing the culture system
described by Brietman et al., (1980a), we now have HL-60 cells (passage 27)
growing in the absence of serum. The serum required to grow cells is a rich
source of fatty acids. It has always been an advantage for one interested in
lipid studies to have a versitile system wherein cells can be grown either in
the presence or absence of serum. Furthermore, we have just demonstrated that
these cells, grown in the absence of serum, can be induced to differentiate
into a highly enriched population of macrophage-like cells (this is the first
report of this phenomenon). This is a significant finding, in view of the fact
that serum-grown cells treated with TPA have been morphologically characterized
as both macrophage-like and granulocytic, even though they possess high acid
phosphatase levels (Vorbrodt et al., 1979), an enzymatic marker for macrophages.
The acyl group composition of phospilplipids and triacylglycerols from cells
grown with serum and in a serum-free medium is shown in Table I (Appendix II).
Compared to the fatty acid composition of serum-grown cells, the serum-free cells
demonstrate a relatively simple acyl profile; most notably is the near absence
of polyunsaturates with 16:0 + 16:1 + 18:1 cowmprising about 80% of the total
species, and as shown by the DMA derivatives, plasmalogen levels are 5-fold
lower. In view of the fact that HL-60 cells can be passaged in the absence of
serum and differentiate in the presence of TPA, this system will be extremely
useful in studies aimed at acyl group metabolism of phosphatidylcholine and
ether lipid modulations in differentiation.

I was trained in the area of lipid biochemistry, and more specifically,
lipid enzymology. The pursuit of these disciplines has given me considerable
experience in fields of lipid metabolism, membrane biochemistry (membrane-enzyme-
substrate interactions, membrane modification), and tissue culture. As a result
of my present position, I feel well qualified to pursue the studies on the
effect of TPA on ether lipid composition., The facility at the ORAU Medical and
Health Sciences Division is well equipped for carrying out the specialized
analyses that are required to explore all facets of lipid biochemistry.

D. METHODS OF PROCEDURE
1. Alterations in cellular lipid composition during TPA-induced differentiation

The modification of phosphatidylcholine metabolism is the first lipid-
related event elicited during TPA-induced differentiation. However, as we have
noted in our preliminary studies, the triacylglycerol and alkyldiacylglycerol
content increases in leukemia cells exposed to TPA. In our initial studies we
will compare the cellular lipid composition of control and TPA-exposed cells,
varying concentration and time of exposure to TPA, to assess the effects of
induced differentiation on the levels of phosphatidylcholine, phosphatidyl-
ethanolamine, inositol- and serine-containing phosphoglycerides, triacylglycerols,

1016653
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alkyldiacylglycerols, and cholesterol. These experiments will in turn be carried
out with cells grown in serum-free media. Additional, cancer cells have been
shown to contain elevated amounts of ether-linked lipids. In this respect no
information is available regarding the effects of TPA on the alkyl and alk-l-enyl
composition in differentiating cells. Here, we will limit our analyses to the
phospholipids for two reasons: 1) membranes appear to be the major site of TPA
action; 2) any disturbance in phospholipid metabolism would appear to affect

the ether lipid pathway. Ether phosphoglyceride levels will also be extensively
analyzed in isolated plasma membrane and nuclear fractions. The general
protocol for lipid compositional analyses during induced differentiation_will
involve growing the cells in media containing TPA ( 8 x 10 10 _ 1.6 x 10 8M)

for periods up to 3 days. The extracted lipids (control and treated cells)

will be analyzed by thin-layer chromatography and quantitated by photodensitometry.

2. Studies of phosphatidylcholine metabolism using radiolabeled precursors

TPA has been shown to significantly stimulate the incorporatwon of 3%P
and Clcholine into phosphatidylcholine. We will extend these studies to
investigate the effects of TPA on a) the coupling of -choline transport and
phosphorylation, b) phosphatidylcholine acyl group metabolism, and c) de novo
synthesis of phosphatidylcholine from labeled glycerol and glycerol precursor.
Results from these studies will provide preliminary information on which parts
of the molecule are effected by TPA and give supportive information for further

studies inveolving the molecular mechanism by which TPA stimulates phosphatidyl-
choline turnover. :

[lb

Radiolabeled palmitic, steric, oleic, and arachidonic acid will be either
added to the growth medium (plus serum, serum—free) in 20 pl of absolute ethanol
or sonicated in a small amount of medium and added to cultures. In most instances
labeled precursors will be entered 48 hr after TPA addition. Water soluble
compounds, such as glycerol, glucose, and choline, will be added as solutions
made in culture medium. Incubation time in the presence of label will be varied
according to the factors being studied, After the appropriate labeling period,
cells will be extensively washed in cold saline, isolated by brief centrifugation,
and the lipids extracted and analyzed as detailed. Purified plasma membrane,
microsomal, and nuclear fractions will additionally be examined.

Investigations will be carried out utilizing control and TPA-exposed
HL-60 cells to determine if there exist differences between the rate of uptake
of [Me-3H]choline in control (neoplastic) and differentiating cell systems. Our
inttial experiments with 32p and [l,Z—I“C]choline suggest that TPA modifying
permeability is not a factor contributing to the rapid stimulation of phosphatidyl-
choline labeling. However, detailed investigations will be carried out varying
time of exposure to TPA and the concentration of TPA in the incubation medium to
more thoroughly assess the effects of TPA on transport and metabolic fate of the
labeled precursor. Because it is important to define whether the stimulated
phosphatidylcholine turnover observed during TPA induction is linked to
differentiation, we will carefully examine *?P and [*“C]choline uptake and utili-
zation in cells induced with dimethylsulfoxide and retinoic acid. Transport of
labeled choline will be measured by the disappearance of radioactivity from the
cell media. The rate of disappearance of radiocactivity from the cell medium
(uptake) will be further checked by washing the cells extensively and sonicating
the pellet in water for direct radiocactive analysis. A fraction of the cell
sonicate will be extracted for lipid analysis and the total lipid extracts

1g1abol
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analyzed by thin-layer chromatography. 1In conjunction with these studies,
pulse-chase experiments will be undertaken to determine the half-life and
metabolic fate of labeled choline products (choline, phosphocholine, CDP-choline,
phosphatidylcholine). Briefly, control and TPA-exposed cells will be pulse-
labeled with [me—3H]choline for 1 hr, after which time the cells will be washed
in fresh medium and replated., At various time intervals following the pulse,

the cells will be harvested and the water soluble and organic labeled compounds
isolated and analyzed by Dowex AG 1-X10 (OH form), Norit A charcoal, and thin-
layer chromatographic procedures according to the methods of Vance et al. (1980).

As little is known on how TPA affects the acyl group metabolism of
phospholipids, investigations of acyl group incorporation and turnover will be
done. Initially, experiments will be designed to determine the effects of TPA
on the incorporation of labeled fatty acids into cellular phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and phosphatidylserine. Acyl
group turnover will be assessed by labeling a series of control and TPA-treated
cultures for 1 hr. The cultures will then be replated in fresh media and selected
at various time intervals to determine the radiospecific activity in the choline-,
ethanolamine-, inositol-, and serine-containing phospholipids.

De novo synthesis of phosphatidylcholine from labeled precursors of the
glycerol backbone (glycerol, glucose) will be evaluated in control and TPA-
differentiating cells to determine if TPA exposure effects differences in the
utilization of these molecules for the synthesis of phosphatidylcholine. Double-
label experiments will be conducted by incubating cells with [2,3H]g1ycerol and
[Z-I“C]glycerol; differences in the ratios of °H to '“C will be indicative of a
shift from either the glycerol phosphate pathway or the dihydroxyacetone-P
pathway of phosphatidylcholine synthesis. An isotope effect has been shown to
influence the measurement of the involvement of these pathways in the synthesis
of phosphatidylcholine (Manning and Brindley, 1972; Rognstad, 1974); however,
since the experiments will be carried out on a comparative basis (control versus
TPA-exposed systems), information gained will be useful in interpreting the
effects of TPA on the utilization of glycerol metabolites for phosphatidylcholine
synthesis. The net synthesis of phosphatidylcholine from labeled glucose will
also be examined. The confinement of label to the glycerol backbone will be
determined by Vitride reduction of the phosphatidylcholine fraction to remove
labile esters followed by isolation of labeled glycerol (Cabot and Gatt, 1976).
Vitride reduction of alkyl phospholipids produces alkylglycerols that will be
cleaved by hydrogen iodide treatmentsto yield a mixture of hydrocarbons and
glycerol. The radioactivity in these products can then be quantitated by
differential solvent extraction.

3. In vitro assays of the major phosphatidylcholine biosynthetic enzymes.

Optimal assay conditions for choline kinase (ATP:choline phosphotransferase,
EC 2.7.1.32), phosphocholine cytidylyltransferase (CTP:choline phosphate cytidylyl-
transferase, EC 2.7.7.15), and choline phosphotransferase (CDP-choline:1,2-diacyl-
glycerol phosphocholinetransferase, EC 2.7.8.2) will be established using cell
homogenates and subcellular fractions from control HL-60 cells. Once these

conditions are established, the activities of the enzymes will be compared in
control and TPA-exposed cells.

a. Choline kinase. HL-60 cells will be homogenized with a Potter—Elvehjem
homogenizer in media containing 0.25 M sucrose, 1.0 mM EDTA, and 2.0 mM dithio-
threitol. The homogenate is centrifuged at 100,000g for 60 min and the supernatant

will serve as the enzyme source. Choline kinase will be assayed as described by
Weinhold and Rethy (1974).
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b. Phosphocholine cytidylyltransferase. The microsomal and soluble
fractions will be isolated from HL-60 cells and used as enzyme source. Phospho-
choline cytidylyltransferase will be assayed by the method of Ansell and Chojnacki
(1969) as modified by Weinhold et al., (1973).

c. Cholinephosphotransferase. The cholinephosphotransferase will be
assayed by incorporation of phosphoryL—Me-I"C]choline into phosphatidylcholine
from CDP-[Me-'“C]choline. The procedure described by Weiss et al. (1958) and
modified by Vance and Burke (1974) will be used in the assay of this enzyme.

The microsomal fraction will serve as the source of enzyme. The product,
phosphatidylcholine, can be isolated from the reaction mixture by solvent
extraction (Vance and Burke, 1974); however, thin-layer chromatography (Silica
Gel HR) will be used to confirm product identification. 1,2-Diacyl-sn-glycerol,
a substrate in the reaction, will either be obtained commercially or prepared by
phospholipase C treatment (Renkonen, 1966) of choline phosphoglycerides isolated
from egg or from rat liver. The isomeric purity will be verified by thin-layer
chromatography as described by Cabot and Gatt (1978).

4. Measurement of intracellular cofactors of phosphatidylcholine biosynthesis

As TPA may influence the levels of required cofactors of the phosphatidyl-
choline biosynthetic pathway, it is important to regard this effect as playing a
possible role in the TPA stimulation of phosphatidylcholine metabolism. If TPA
causes a decrease in the endogenous amount of one of the choline-containing
precursors, this would then result in increased radiospecific activity and cause
stimulated incorporation of labeled choline into phosphatidylcholine. The measure-
ment of CTP, phosphocholine, CDP-choline, choline, and diacylglycerol will be
determined (Vance et al., 1980) in control and TPA-exposed cells.

5. Specifics of procedure
a) Cell culture, differentiation, and subcellular fractionation

The human promyelocytic HL-60 leukemia cells will be grown in bacterial
plastic petri dishes (No. 1007, Falcon) in RPMI-1640 medium plus 20% fetal calf
serum supplemented with pennicillin (100 units/ml) and streptomycin (100 ug/ml).
Cell numbers will be determined from cell counts after excluding cells strained
with trypan blue. Cells will be treated with TPA 24 hr after subculture. The
concentration of TPA in the culture medium will be 8 x 10~*°M. This concentra-
tion in our hands has been sufficient to induce differentiation, however experi-
ments will be conducted using a range of concentratioms, 107% - 1.6 x 10-8, the
highest being the amount employed by most investigators. Explicit details of cell
culture procedure, TPA supplementation and evaluation of cell differentiation have
been cited elsewhere (Huberman and Callaham, 1979; Cabot et al., 1980). TPA will
be added to culture media in DMSO so that its final concentration does not exceed
0.01%,., This amount of DMSO has no effect on cell growth or differentiation.
Terminal differentiation induced by other agents (Collins et al., 1978) will be
carried out by incubating cells for 6 days in 1.25% DMSO, in a like manner for
cells grown in serum-free media (Breitman et al., 1980), or in media containing
retinoic acid (1 x 10~°M) as described by Breitman et al., (1980b).

We have shown in our previous study that the stimulation of phosphatidylcholine
metabolism preceeds the induction of differentiation markers (Cabot et al., 1980).
In view of this, it is important to stress that when setting up the individual
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experiments, careful consideration must be given to parameters such as time of
exposure, cell number, inducer concentration, and degree of cellular differen-
tiation. Therefore, these variables will be investigated exhaustively for the
purpose of comparing and contrasting the degree of differentiation with the
modifications observed in phosphatidylcholine metabolism. Cellular differen-
tiation (morphological) will be assessed periodically by performing differen-
tial counts on Wright-stained cell preparations and based on the percentage of
myelocytes, metamyelocytes and banded and segmented neutrophils. The control
population consists primarily of promyelocytes (90%). Other criteria include
cell attachment and ceasation of growth. Macrophage populations will also be
assessed. Biochemical markers for differentiation include NBT dye reduction
(Segel, 1974; Collins et al., 1980), phagocytosis of Candida albicans

(Collins et al., 1978), lysozyme release (Biggar, 1978), and specifically

in the case of TPA, acid phosphatase activity for the monocytic macrophage
differentiation produced (Vorbrodt et al., 1979).

Plasma membranes will be isolated following a published protocol
specific for HL-60 cells (Ip and Cooper, 1980). Nuclel will be isolated
according to a procedure described for guinea pig polymorphonuclear leukocytes
(Depierre and Karnovsky, 1973). This procedure employs the homogenization of
cells in a medium that is slightly hypotonic followed by immediate restoration
of isotonicity. By this method the integrity of subcellular organelles is
maintained. The purity of the subcellular fractions will be established by
assay of classical marker enzymes. We will additionally utilize the methods
of De Pierre and Karnovsky (1973) and Michell et al., (1970) which provide invalu-
able techniques for the isolation and characterization of subcellular fractionms,

b) Lipid isolation and analyses

Lipids will be extracted from control and TPA exposed cells by a modified
method of Bligh and Dyer (1959) in which the methanol contains 2% glacial acetic
acid. Both neutral and polar lipid classes can be resolved by thin-layer
chromatography in a variety of solvent systems (Cabot and Snyder, 1980, see
Appendix 1). Neutral lipids will be separated on layers on Silica Gel G and
phospholipids resolved by thin-layer chromatography on Silica Gel HR. A
comparison of R¢ values with authentic standards will be used for the identi-
fication of individual lipid classes. The more refined separations include
triacylglycerols and alkyldiacylglycerols, hexane/diethy] ether/acetic acid
(80:20:1); cholesterol esters-wax esters-alkyldiacylglycerols, benzene (100%);
and alkylglycerol-alk-l-enyl glycerols, diethyl ether/acetic acid/water
(100:0.5:0.5). Quantitative analysis of the thin-layer-resolved lipids is
accomplished by H;SO, charring of the chromatoplates at 200°C followed by
photodensitometry according to Privett et al. (1965). When radiolabeled lipid
precursors are utilized in cell culture systems, their distribution in the
lipid extract will be determined by zonal profile scanning of the chromatogram
(Snyder and Kimble, 1965). The alkyl group content of ether-containing
phospholipids will be assessed by Vitride reduction to cleave labile esters
followed by resolution of the products, alkylglycerols and alk-l-enylglycerols,

on thin-layer plates in a solvent system containing diethyl ether/acetic acid/
water (100:0.5:0.5).

. An-alternative system for plasmalogen identification will be employed to
differentiate between choline and ethanolamine plasmalogens (Blank et al., 1973).

FOF phospholipid phosphorus determinations, the lipids will be separated on
thln—laYEF plates (Silica Gel HR) in a system containing chloroform/methanol/
acetic acid/water (50:25:8:4, v/v) and visualized by H2SO4 charring. The spots

;;26§hen scraped into test tubes for direct analysis of phosphorus (Rouser et al.,
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Changes in the acyl group composition of phosphatidylcholine may indicate
in control versus TPA-exposed cells altered physical properties of the membranes.
To investigate the effects of TPA on acyl group composition, the phosphatidyl-
choline fraction from control and treated cells will be isolated by preparative
thin-layer chromatography in a solvent system containing chloroform/methanol/
acetic acid/water (50:25:8:4). Methyl esters will be prepared by refluxing the
phosphatidylcholine in methanol containing 27 H2SO4 at 100°C (Ways et al., 1963)
and analyzed by gas-liquid chromatography according to the methods described by
Blank and Snyder (1970) and Blank et al. (1976). Additiomally differences in
the positional specificity of the fatty acids will be determined by gas-liquid
chromatography after treatment of phosphatidylcholine with phospholipase A;
(Cabot and Snyder, 1978).

6. Priorities

The priorities of our proposed work will be essentially according to
the order outlined (pp. 12-17). However, preliminary data will be obtained

through lipid compositional studies of cells after specific treatments, and
these results will direct future project decisions so that major composi-

tional changes can be investigated from the point of view of establishing
the underlying mechanism for the change.

We have a number of collaborative ties with scientists outside our group:
cell biologists and toxicologists (Dr. Eliezer Huberman's group, Argonne
National Laboratory), organic chemists (Dr. Claude Piantadosi's group at the

University of Xorth Carolinz, Chapel Hill), and wass specirosccpists at che Czk
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Ridge liatiomal Laboratory (Dr. Williaw Rainey). These scientists cculd be
aeipful in solving soue of the specialized problems that wizht arise (cail
differentiation characterization, synthesis, and identification of compounds).
Within our Division we have an excellent cytogenetics department headed by

Dr. Gayle Littlefield. She and her co-workers have agreed to aid in the
cytologic aspects of morphological assessment of differentiation,

Consultant:

Dr. Fred Snyder of our Division has agreed to serve as a consultagt in this
research project. A copy of his curriculum viate follows (Appendix III).

Timetable

First year: We will concentrate our efforts on determining the cellular lipid
compositional changes that occur in response to TPA-induced differentiation.
Close scrutiny will be given regarding the influence of concentration and time

of exposure to TPA and how this effects the triacylglycerol, alkyldiacylglycerol,
phosphatidylcholine, phosphatidylethanolamine, and alkyl group content of
experimental cells. Studies will be initiated using labeled compounds to

assess the effects of TPA on the coupling of choline transport and phosphoryl-

ation, phosphatidylcholine acyl group metabolism, and de novo synthesis of
phosphatidylcholine.

Second vear: Studies will begin utilizing alternate induction agents (DMSO,
retinoic acid) and morphological and biochemical markers for differentiation
assessed. Phosphatidylcholine metabolism (32p, [!*C]choline) will be investi-
gated in control and induced cells, The optimal conditions for assaying choline
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kinase, phosphocholine cycidylyltransferase and cholinephosphotransferase will
be established and experiments initiated to determine the effects of TPA-induced
differentiation on the activity of these anabolic enzymes.

Third Year: Studies on the activities of the phosphatidylcholine biosynthetic
enzymes will continue, Simultaneously, experiments will be conducted to measure
the effects TPA exerts on the cellular cofactors and substrates required for
phosphatidylcholine synthesis. Throughout the 3-year period we will be examining
plasma membrane, nuclear, and microsomal cell fractions in conjunction with our

other experiments so that inductive locals (target sites) can be continually
assessed.

107145089
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E. FACILITIES AVATLABLE

Our laboratories are well equipped to conduct the experiments outlined
in this proposal. We have recently added a new tissue culture facility con-
taining both forced draft and water-jacketed incubators equipped with automatic
CO, control, laminar flow hoods, a self-contained biohazard hood, and liquid
nitrogen refrigerator. We have also recently established a laboratory
specially designed for human cell culture. For lipid analyses we have a
complete line of thin~layer chromatographic equipment, 1nclud1ng a thin-~layer
zonal scraper, a spark chamber for chromatographic detection of *H and 1“C, and
a photodensitometer designed for quantitative analysis. We also have the
following equipment: preparative and analytical centrifuges with conventional
rotors, an analytical Model E ultracentrifuge, liquid scintillation spectro-
meters, gas—liquid chromatographs with a variety of column packings, an auto-
matic freeze dryer, Beckman DU and Acta C-III spectrometer, equipment for
isolating proteins (electrophoresis apparatus, fraction collectors, columns),

a Cahn electrobalance (Model 25), and high pressure liquid chromatographs. We
also have access to electron microscopy.

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS'

This research grant application includes a segment of activity that would be
performed in facilities of the U. S. Department of Energy and governed by an
existing contract between Cak Ridge Associated Universities (ORAU) and the DOE.
The DOE has reviewed this proposal and has concurred in ORAU conducting the
described work in the DOE facilities made available for biomedical research,
subject to payment to the DOE by ORAU from NIH funds of the applicable direct
and indirect cost of the work (mot including any charge for the use of DOE
facilities) as determined by the provxsxons of the DOE”s contract with ORAU.

It is belived that in 1arge measure the requirements of the DOE contract
parallel conditions that NIH ordinarily applies to its grants. In the event of
differences between NIH grant terms and the DOE contract terms, ORAU is agree-
able to meeting both to the extent that they are not in conflict, and to
applying those most favorable to the United States Government where this is
involved. If NIH is aware of problems that such an approzch would produce or

suggest, ORAU upon receipt of such advice would refer the matter to the DOE for
direct resolution with RIH.

By way of general information, ORAU”s contract with the DOL is a cost-type
contract financed under a Government-fund account. The specific contract work
is formulated in cooperation with the DOE and authorized within general guide-
lines in the contract. Contract terms include DOE responsibility for
Governcent ownership and control of inventions, data, and other research
products. Ownership of all equipment and facilities acquired by ORAU with DOE
funds is vested in the U, S. Government at the time of accuisition. The
contract also contains all the terms generally common to Government contracts

of the type under which ORAU conducts research operations in Government-owned
facilities.

F. Collaborative Arrangements: None
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G. Principal Investigator Assurance

The undersigned agrees to accept responsibility for the scientific and technical
conduct of the project and for provision of required progress reports if a grant
is awarded as the result of this application.

Principal Investigator

Date
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