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October 2 7 ,  1981 

D r .  W i l l i a m  R.  Bibb, D i r e c t o r  
Research Div is ion  
Department of Energy 
Oak Ridge, TN 37830 

Sub jec t :  GRANT APPLICATION TO N I H  FOR A PROJECT ENTITLED L I P I D  METABOLISM 
IN TPA-DIFFERENTIATING LEUKEMIA 

Dear D r .  Bibb: 

Enclosed are t h r e e  c o p i e s  of t h e  s u b j e c t  g r a n t  a p p l i c a t i o n  t o  N I H .  The 
proposed p r o j e c t  w i l l  be  c a r r i e d  o u t  under the d i r e c t i o n  of D r .  Myles Cabot. 
Dra f t  cop ie s  of t h i s  a p p l i c a t i o n  were forwarded t o  your o f f i c e  f o r  review 
on September 18, 1981, and approval  f o r  formal submission w a s  g iven  by D r .  
Richard Benson on September 29. 

Should t h i s  p r o j e c t  be  approved by N I H ,  t he  work w i l l  be  c a r r i e d  out  
under p o l i c i e s  and procedures  p rev ious ly  e s t a b l i s h e d  between ORAU and DOE. 

We w i l l  keep you advised  of N I H  a c t i o n  on t h i s  proposa l .  

S ince re ly ,  

Acting Executive Director(/ 

RYAN : b r  

FOLDER 3 2 - a 9 - a /  M z / y  



Oak Ridge 
Associated 
Universities 

Post Office Box 117 
Oak Ridge, Tennessee 37530 
Telephone 615 576-3300 

Division of Research Grants 
National Institutes of Health 
U. S. Public Health Service 
Bethesda, Maryland 20205 

.- 

Gentlemen: 

Executive 
Office 

October 27, 1981 

We are submitting for your consideration seven ccpies 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 RO1 CA 29153-01. We request that the earlier application be 
withdrawn from consideeration. The enclosed proposal has been re-written 
based on critical review'of the earlier version. Bob Hawkins advised that 
Dr. Cabot request this substitution. ' .  

I 

Oak Ridge Associated Universities is a nonprofit corporation sponsored 

b> 51 Southern colleges and universities. The major portion of its activities 

- 

are carried out under a long-term operating contract'with the U. S. Departnent 
of Energy. Certain conditions arising from this relationship between ORAU and 
the DOE are set forth on pages 10 and 11 of this application. 

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

Sincerely, 

QrigiIw Sl&mj & 
W L F L L U N 4  

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 

bee: Dr. William R. Bibb DOE OR0 (3) 6 
Executive Office 
W. F. Countiss 
M. Cabot 
B. Rvan 
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DEPARTMENT OF HLALTH. EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

7 

LEAVE BLANU 
TYPE ACTlVl  TY NUMBER 

1 4 ,  I 

COUNC1L:BOARD fhlonth, r a d  
FOLLOW JNSTRUCTIONS CAREFULLY 

CORM A P P R O V E 3  
Q.M.8. NO. 6l-RO249 

DATE RECEIVED 

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

GRANT APPLICATION 

Biochemist 
3.. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 

I I 
REVIEW GROUP FO RY E RLY 

31. TELEPHONE (Arro ad* nun& ord u r n i o n )  
615, 576-3122 

30. MAJOR SUBDIVISION 
Medical and Health Sciences Division 

LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA 
2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT NO u YES (If 'YES," ~ ( o k  R F A  nun& m d o r  - c m m  nth) 

4. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA INVOLVED n Y E S  - Y s , -  km, nm 596 wid 
6. DATES OF ENTIRE PROPOSED PROJECT PERIOD 

(This rrpPlic0)ion) 

From: 1 July 1982 Through: 30 June 1985 

9. PERFORMANCE SITES f O m l r u t i o n r  w d  oddmsws) 

Medical and Health Sciences Division - 
Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, Tennessee 37830 

5. RECOMBINANT DNA RESEARCH SUBJECT TO NIH GUlOELlNES m NO YES 

7. TOTAL DIRECT COSTS RE- 
OUESTED FOR PROJECT 
PERIOD (from pop. 5) 

8 .  DIRECT COSTS REQUESTED FOR 
FIRST 1240NTH BUDGET 
PERIOD ffrompop. 41 

$69.400 $ 2 2 0  000 
10. INVENTIONS fConp.tinp centinurnion ceplicoeion only! 

W*r* On). inv-ntionm conceived or reduc*d to practice during the course 
of h e  project? 

NO 
YES - Not previwmly reportod 

0 YES - Prwiously rwporred 

I t .  APPLICANT ORGANIZATION f N m q  d m . 4  4 anprossiond 
d i m i C t J  

Oak Ridge, Tennessee 37830 I Biological Chemistry 

INSTlTUTtONAL GRANT (51. inrtnrctiond 

Code Demcrlption: 

13. ENTITY IDENTIFICATION NUMBER 
162047681661 

14. TYPE OF ORGANIZATION (5- instmdond 

(Medical and Health Sciences Division) 
Privotm Nonprofit 
Public (Speify Fdrof, Stoh.  Loco/): 

AWARD IS MADE (Name,  t i t14 ddmrr ad tdghon. nunbor.) oddrr~s ord *hone A b 4  - 
William F. Countiss 
Head, Office of Fiscal Services 
Oak Ridge Associated Universities 
P. 0. Box 117 P. 0. Box 117 

William E. Felling 
Acting Executive Director 
Oak Ridge Associated Universities 

1.0 cortificotion 



LEAVE BLANK 

PROJECT NUMBER 

DCCARTYLh ,P HCALTH. LOUCATION, AND WCLFARL 
PUBLIC HEALTH S L R V l C t  

ABSTRACT OF RESEARCH PLAN 

N A M E  AND ADDRESS OF APPLICANT ORGANIZATION (5-e os l t r n  11, pa- I )  
Oak Ridge Associated U n i v e r s i t i e s ,  P. 0. Box 1 1 7  
Oak Ridge, Tennessee 37830 
TITLE OF APPLICATION (5-0 oa Itm 1, p o g .  I! 
L I P I D  METABOLISM I N  TPA-DIFFERENTIATING LEUKEMIA 
Nome, Title and Daporknent of oll profemsional p.rsonn.1 rsogod on pro(ect, kgtnnsng w i h  Principal InvomtiWor/Progrom Director 

Xyles  C. Cabot, Ph.D., Biochemist, B io log ica l  Chemistry, Medical and Health Sciences Dlvis io  

ABSTRACT OF RESEARCH PLAN: C o n c i d y  doserib. the opplieotion'm spociflc oims, m~thodolog* ond long.tom obleetlver, d i n g  robrenco to 
the r c t r c i f i c  discipliner involved ond l e  heall-rolotedners of tCIe proiect. The abstract should b. solf-catdned so hot i t  con .e.*. as o muccincl 
ond o c ~ r o t e  &scription of the opplicotion rhmn soparmted (tom it. 00 NOT EXCEED THE SPACE PROVIOEQ. 

The potent  tumor promoter. 12-Q-tetradecanoylphorbol-13-acetate (TPA), has been 
shown t o  s t imulate  phospholipid metabolism i n  mouse epidermis and i n  a v a r i e t y  
of c e l l s  maintained i n  c u l t u r e .  When used a t  very low concen t r a t ions ,  TPA a l s o  
induces d i f f e r e n t i a t i o n  of human leukemic c e l l s  (€?I,-60). We have shown tha t  
TPA e l i c i t s  s t imu la t ion  of phosphatidylcholine metabolism i n  leukemia c e l l s  and 
t h a t  t h i s  s t imu la t ion  preceeds t h e  expression of t he  va r ious  d i f f e r e n t i a t i o n  
markers. However, the mechanism by which TPA al ters  phospholipid metabolism 
and the r o l e  of phosphatidylcholine i n  the  ce l l  d i f f e r e n t i a t i o n  process remains 
obscure. E s s e n t i a l l y  no i n f o r n a t i o n  is a v a i l a b l e  a t  t he  molecular l e v e l  
regarding the  e f f e c t  of TPA on the enzymes and c o f a c t o r s  r e spons ib l e  f o r  
phosphatidylcholine synthesis .  
w i l l  be a b l e  t o  c o r r e l a t e  the dynamics of phospholipid metabolism v i t h  c e l l u l a r  
d i f f e r e n t i a t i o n .  Total  l i p i d s  i s o l a t e d  from c o n t r o l  and TPA-exposed c e l l s  w i l l  
be r igorously analyzed, and the  a c t i v i t i e s  of the key enzymes of phosphatidyl- 
choline synthesis  (chol ine kinase,  CTP-phosphocholine c y t i d p l y l t r a n s f e r a s e ,  
CDP:choline:1.2-diacylglycerol phosphocholinetransferase) w i l l  be character ized 
i n  v i t r o .  
a l t e r i n g  t h e  l e v e l s  of i n t r a c e l l u l a r  co fac to r s  and precursors .  
CTP, phosphocholine, cho l ine ,  CTP-choline, and d i acy lg lyce ro l  i n  con t ro l  and 
t r e a t e d  c e l l s  w i l l  be determined. 
i n t o  phosphatidylcholine and de novo synthesis  from glucose and g lyce ro l  Vi11 
i n  t u r n  be invest igated.  
ments, w e  w i l l  conduct l i p i d  metabolic s t u d i e s  employing a human leukemic c e l l  
l i n e  t h a t  does not express morphological or biochemical macrophage-like markers 
vhen exposed t o  TPA. The u l t ima te  object ive i s  t o  understand what f a c t o r s  
govern the  TPA-induced s t imu la t ion  of phosphatidylcholine metabolism i n  
d i f f e r e n t i a t i n g  c e l l s ,  and determine i f  a l i n k  ex i s t s  between phospholipid 
s t imu la t ion  and tumor promoter-induced d i f f e r e n t i a t i o n .  

By u t i l i z i n g  tumor promoters, such a s  TPA, ve 

Additionally.  TPA may modify phosphatidylcholine metabolism by 
The l e v e l s  of 

The a s s i m i l a t i o n  of radiolabeled f a t t y  acids  

A8 an e s s e n t i a l  co r ro l a ry  t o  the  proposed experi-  

LABORATORY ANIMALS INVOLVED. ldmtif i  by camon nomos. If none, rn t .  "none" 

None 
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PRINCIPAL INVESTICATOR/PROGRAM DI ITOR: MYles c. Cabot, Ph. D. 

T A B L E  O F  C O N T E N T S  

Number poges consecutively or the bottom throughout the opplicotion. Do not use suff ixes such os 
Sa, 5b. ,Type the name o f  the P r inc ipa l  Investigator/Progrom Director a t  the top o f  each pr in ted  page 
ond each continuotion page. 

SECTION 1. PAGE NUMBERS 

Face Pago, Abstract, Table of Contents .............................................. 
Detoiled Budget for First  12 Month Budgot Period ..................................... 
Budget Estimates for A l l  Years of Support.. .......................................... 
Biographical Sketch-Principal Invostigator/Progmm Director (Not to exceed two pages). .... 
Other Biogrophicol Sketches (Not to exceed two pages for each).. ....................... 
Other Suppo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Resources ond Environment ........................................................ 

1.3 
4 
5 

- 

SECTION 2. 

Introduction (Excess pages; revised and supplemental opplicotions) ..................... 
Research Plan 

A. Specific Aims (Not to exceed one page) ....................................... 
8. Significance (Not to e x c d  three pagesr.. ..................................... 
C. Progress RepordPreliminay Studies (M to exceed eight pages) ................. 
D. Methods ................................................................... 
E. Human Subiects, Derived Matoriols or Data ..................................... 
F. Loboratory Animals ......................................................... 
G. C o n s u l t o n t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H. Consortium Arrangements or Formalized Col laborotive Agreements ................ 
I. Literature Cited ............................................................ 

Checklist...................... .................................................. 
SECTION 3. Appendix (Six sets] (No page numbering nccessory for Appendix) 

Number of publications: 1 
Other items (list): 

Number of manuscripts: 1 

Two curriculum vita 
One table 

Application Receipt Record, )om PHS 3830 
Form HEW 596 i f  Item 4, page 1, i s  checked "YES" 

PHS-398 
Rev. lOn9 

PAGE 1 



DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 
DIRECT COSTS ONLY 

p~ RSONN E L  (Appliconf orponrxotton only)  (5.. instmctronr) T I M  €/EFFORT 

Houri  Der 
Wook 

NAME TITLE OF POSITION 

FROM TH ROUCM 

* 07/01/82 06 1 
OOLLAR AMOUNT REOUESl 

FRINGE 
"ILARy BENEFITS 

I I 

I I I 

SUBTOTALS bJ 43 4-30 I 8,720 
CONSULTANT COSTS (Sm instmdlon.) 

I 

€QUI PMENT ( I f m i d  

Coulter Counter $4,650 

Cabot, Mvles C.. Ph.D. 1 Principal ~nvoic*povor 150 I 20 15,000 
Welsh, Clement J.  IResearch Assoc iate  150 20 

SUPPLIES (Irwnixe by eor.oov) 

Tissue Culture Ware $2,300 
Cell Culture Media 6 Serum 4,000 
Chemicals 1,700 
Radiolabeled Compounds 4,600 

3.000 

DOMESTI C 
FOREIGN 

INPATI E N 1  
OUTPATIENT 

TRAVEL 

PATIENT CARE COSTS 

ALTERATIONS AND RENOVATIONS Iltmize by c@.poy) 

TO BE NAMED :Pos tdoc tora te  or I 
I Research T e c h n i c i d  100 40 

I .  

CONTRACTUAL 
OR (k. 

THIRD PARTY inatmctiond 
COSTS 

9.430 2.120 

I 3.600 18.000 

I 
OTHER EXPENSES ( I t m i x t  by corepr).) 

I 
I 

TOTALS 

I 

-.lu!uL 
11.550 

21.600 

4 , 6 5 0  

- 
1.000 

I 69,400 
PHS-396 
Rev. lOn9 PAGE 4 



P R I N C I P A L  I N V E S T I C A T O R ~ P R O C R A M  DIR'  7R 

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED 

BUDGET CATEGORY 
T O T A L S  

PERSONNEL (Sdory m d  
frtnp. h e h i e . )  
( A p p l I C o n ?  O r p m I X d ~ o n  only) 

CONSULTANT COSTS 

EOUl PM EN T 

SUPPLIES 

DOM EST1 C 

TRAVEL 
FOREIGN 

ENT INPATIENT 

CARE 
OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

TOTAL DIRECT COSTS 

DIRECT COSTS ONLY 
ADDIT IONAL YEARS SUPPORT REOUESTED 1 s t  BUDGET 

PERIOD 
(from pogo d)  

2nd 3rd I 4th 4th 

51,150 56,300 61,900 

4 650 0 0 

12,600 13,900 153 00 

1,000 1 9 000 1,000 

0 500 500 

$69,400 $71,700 $78 900 

Recurring Increseas  i n  Personnel Costs computed a t  10%. 

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD ( A l a  d u o n p e p ,  1, it- 7)  - =  

Equipment J u s t i f i c a t i o n :  

$ 220,000 

1st Year - Coulter counter model ZF S e r i a l  6600338 - Our present Coulter counter 
(model 8 )  is an old,  tube model with an excessive amount of down-time. 
reproducible  and rapid c e l l  number assessment is an e s s e n t i a l  guidel ine f o r  t he  current  
p r o j e c t ,  as e l l  number d a t a  w i l l  be used f o r  d i f f e r e n t i a t i o n  c r i t e r i a .  
is t h e  most economical counter of t h e  series and o f f e r s  a l l  t he  f e a t u r e s  w e  require .  

Accurate, 

The model ZF 

Personnel J u s t i f i c a t i o n :  

Clement Welsh (Researcb Associate).  M Y .  Welsh vas t r a ined  by me and vorks closely 
He w i l l  be ca r ry ing  out l i p i d  composition analyses (These with me on t h e  HL-60 pro jec t .  

are time consuming and r e q u i r e  s k i l l ) .  
a i d  inc lude  cell  cu l tu r ing ,  induct ion of d i f f e r e n t i a t i o n  protocol  in v i t r o  enzyme assay 
and l abora to ry  management. 

I n  add i t ion ,  those d u t i e s  which Mr. Welsh will 

PAGE 5 
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/. , .11 . . ,,IILYU I ,  1 ,.,"I , , ,  ..I "/ 1 ,  I 

CAEOT, Myles C. 

Postdoctorate  o r  technic ian  ( t o  be named). This person w i l l  devote 100% of 
t h e i r  time t o  p ro jec t  research;  the pos i t i on  w i l l  r equ i r e  a working background i n  
c e l l  biology. The major d u t i e s  of t h i s  pos i t i on  w i l l  be assessment of c e l l  
d i f f e r e n t i a t i o n  c r i t e r i a  (both morphological and biochemical) using t h e  induct ion 
agents  l i s t e d  a t  var ious  doses over var ious  time in t e rva l s .  I n  addi t ion ,  i n  v i t r o  
enzyme assays of t h e  phosphatidylcholine-metabolizing a c t i v i t i e s  w i l l  be an im- 
por t an t  f a c e t  of t h i s  pos i t i on .  

\ 0 1 9 b  t 2 Page 6 



NAME 

Xyles C. Cabot 

I I 1 
I I I 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding w i h  present position, l i s t  in chronologicol order p r e v i o u s  .mployment, expen- 

me.. ond honors. Include pres*nt m*mb*rship on any Federo l  Gewmment Public Advinory Committee. L i s t ,  in chronologicol order, the t1tl.s ond 

compirte relerencer 10 reemf r *~r *s .n to? i *e  publications, *smoclolly h o l e  most pertinent to this application. Do not excoed 2 popes. 

1970-1972: 

1975-1976: I n s t r u c t o r ;  1974-1976: Assis tan tsh ip ;  1972-1974, Fellowship--The Hebrew 

1976-1978: Damon Runyon-Walter Winchell Postdoc. Fellow in  Cancer Research, Medical 

Graduate Assis tantship;  1969-1972, Laboratory Assistant-Western Carol ina 
Univ., Cullowhee, NC. 

Univ. Jerusalem, Israel. 

and Heal th  Sciences Division, Oak Ridge Associated Universities, Oak Ridge, 
Tennessee. 

Associated Universities, Oak Ridge, Tennessee (Biochemist, Apr i l  1979) 
November 1978-Present: S c i e n t i s t  I, Medical and Health Sciences Divfsion, O a k  Ridge 

T I T L E  

Biochemist 

PUBLICATIONS 

Cabot, M. C. and G a t t ,  S. 
( a b s t r a c t )  

Lipase ac t iv i ty  i n  ra t  brain. Isr. J. Med. S c i .  11, 1194, 1975 

Cabot, M. C. and Gatt, S. 
microsomes. Biochim. Biophys. Acta 931, 105-115, 1976. 

Hydrolysis of neutrvz2 glycerides by lipases of rct brain 

Cabot, M. C. and G a t t ,  S. 
brain. Isr. J. M e d .  Sci. 12, 1368, 1976 ( a b s t r a c t )  

Substrate speci f ic i ty  of the microsomal acid lipase of rat  

Cabot, M. C. and Gatt, S. Hp.?roZysis of enhgenous diacylgZ2ceroI. and monouc?LgZper.nZ >y 
Zi?ases i n  r a t  brain ~crosomes .  Biochemistry 16, 2330-233&, 1 9 7 7 .  

Cabot, M. C. and Gat t ,  S. 
101, 101-111, 1978. 

Rat  brain rdrosomal Zipase a c t i v i t j .  Adv. Exp. ?led. M o l .  

Cabot, M. C. and Snyder, F. The maniputatwn of f a t t y  acid composition i n  L - M  ce l l  
monolayers supplemented with chauhoopic acid.  
19 78. 

Arch. Biochem. Biophys. 190, 838-846, 

Cabot, M. C. and Snyder, F. 
l i p i d s  of neoplastic ce2ts. 
Argentina,  Abstracts, Workshops, Vol. l., 1978, p. 177 (Abstract  18). 

Assimitation of unnatumt aliphatic moieties into complez 
In: X I 1  I n t e r n a t i o n a l  Cancer Congress, Buenos Aires, 

Cabot, M. C. and Gatt, S. 
rat brain microsoml lipase with an a c i d i c  pE opthum. 

The hydrolysis  o f  tAacyZglycero1 cmd diacylglycerol b y  a 
Biochim. Biophys. Acta 530, 

508-512, 1978. 
Cabot, M. C. and Snyder, F. Mmipulat&m of a2kyZgZycerotipid levels in  cultured ce l l s  
Fatty aZcohoZ versus alkylg2ycerol supplements. 
1980. 

Biochim. Biophys. Acta 617, 410-418, 

PAGE 7 PYC.70. 
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CI T ,  Myles C .  

Cabot, M. C . ,  Welsh, C. J., Callaham, M. F . ,  and Huberman, E.  
me tab0 ZCsm induced by 2 2-0- t e t r d c a n o g  I-phorbo I- Id-ucetate i n  d i  f ferent iat trg hwllan 
weloid  ieukemia c e l l s .  
Cancer Res. 4 0 ,  3 6 7 4 - 3 6 7 9 ,  1980. 

Cabot, M .  C.  and Coucher, R . R .  
Zipids of mycobacteria. Lipids 16, 1 4 6 - 1 4 8 .  1981. 

Cabot, M. C. and Lumb, R .  H .  
of Sarcoohaqa butkta (LXptem: Sarcophagidae). Comp; Biochem. Physiol.  68B, 

Alterations Ir. l ip id  
- 
Cancer Res. 4 0 ,  3 6 7 4 - 3 6 7 9 ,  1980. 

Chaulmoo@c acid: AssimiZation into the c-les 

The a c t i v i t y  of a low terperurture lipase in  the kzr!!ae 

3 2 5 - 3 2 8 ,  1981. 

Cabot, M. D. and Welsh, C.  J. 
3-methytchotanthrene transformed cZone. 
Cabot, M. C .  and Welsh, C. J. 
ting human leukenria cetZs. 

Ether t ip id  studies i n  mouse C3H/lOT1/2 celZs and a 

Fatty acid mek.zbolism i n  phorbot ester-differentia- 
Arch. Biochem. Biophys. 211, 2 4 0 - 2 ~ 4 ,  1981 

Cancer Res. ( i n  press) 
Cabot, M. C . ,  Welsh, C. J., and Snyder F. 
l i p i d s  in L-M ceZZs alters growth and choline u t i l i za t ion .  
(Submitted). 

Modifying the leuets of e t h e r - t i h d  
E x p t l .  Cell Res. 

-8- 



OTHER SUPPORT 
(USE C O N T I N U A T l O N  PAGES IF NECESSARY) 

Fr?r esch of :he professionals ncmed on page 2, list,  in  tSree separate groups: (1) act ive support; (2) o??licc!icns 
p t 3 l i n g  review cnd/or funding; (3) cpplicctions planned or being pre2ored for iubmission. Include 
re:e::l, cnd ins:itutioczl grant and contrcct support. If none, state "NONE." For  each i fem Give the source o i  su;;:rt, 
i c rn t i fy ing number, project  title, name of principal investigator/program director, time or percent of  e i ior t  on :he prc j rc t  
by sroiessienal nsmed, cnnual d i rect  costs, and ent i re  period o f  support. ( I f  part of a lcrger project, provide :he t i t les 01 
bcth the  porent Grant and the subproject and give the annuol direct costs for each.) B r ie f l y  describe :he cantcnts of t:ch 
i:em listed. I f  any o f  these overlap, duplicate, or are being replaced or supplemented by the present application, jus:ify 
cr.d delineate the nature and extent of  h e  scient i f ic  and budgetary overloos or boundaries. 

Federal, n3n- 
- 9  

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

I n v e s t i g a t o r  c u r r e n t l y  has no i n d i v i d u a l  r e s e a r c h  suppor t .  
o t h e r  l a r g e r  p r o j e c t s :  

H e  i s  supported under 
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FACIL IT IES:  Mark tho f a c i l i t i e s  to bo usod and b r ie f l y  in& te thoir  copoci t ios,  port inon? capob i l i t io r ,  ro lo t i vo  p m r i m i t y  and 
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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. 
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t 
The DOE has reviewed t h i s  proposal and has concurred i n  O U U  conducting the  
descr ibed  work i n  the  DOE f a c i l i t i e s  nade a v a i l a b l e  for biomedical resezrch ,  
s u b j e c t  t o  payment t o  t h e  N E  by 0U.U from NIH funds of  the  a p p l i c a b l e  d i r e c t  
and i n d i r e c t  c o s t  of t h e  work (not  including any charge f o r  t he  use  of COE 
f a c i l i t i e s )  as determined by t he  provis ions of t h e  DOE’S c o n t r a c t  with OFAU. 

It is be l ivcd  t h a t  i n  l a r g e  measure t h e  requirements of t he  QOE con t rac t  
p a r a l l e l  condi t ions  t h a t  G I H  o r d i n a r i l y  a p p l i e s  to  i t s  g ran t s .  
d i f f e rences  between NIH g r a n t  terms and the  DOE c o n t r a c t  terms, OTWl is agrec- 
a b l e  t o  meeting both t o  t h e  ex ten t  t h a t  they a r e  not in c o n f l i c t ,  and t o  
apply ing  those most f a v o r a b l e  t o  the  Ucited S t a t e s  Governnent where tnis is 
involved. 
sugges t ,  ORAU upon r e c e i p t  of such advice  would r e f e r  t he  cutter t o  the  DOE for 
d i r e c t  r e s o l u t i o n  w i t h  NIH. 

In t he  event of  

I f  H I H  i s  aware of problems t h a t  suck an approach would produce or 

By way of gene ra l  i n f o r n a t i o n ,  OUU’s  con t rac t  w i t h  the  DOE is a cost-type 
c o n t r a c t  f inznced under a Government-fund account.  The s p e c i f i c  con t r ac t  work 
is  fo rnu la t ed  i n  coopera t ion  wi th  t h e  DOE and au tho r i zed  w i t h i n  genera l  guide- 
l i n e s  i n  the  c o n t r a c t .  
Governnent ownership and c o n t r o l  of invent ions ,  d a t a ,  and o the r  r e sea rch  
products .  
funds is vested i n  the  U. S. Government a t  t h e  t i m e  of q u i s i t i o n .  The 
c o n t r a c t  a l s o  conta ins  a l l  t h e  terms genera l ly  comon t o  Government cont rac ts  
of t he  type under which QPAU conducts rcsearch  opera t ions  i n  Government-owned 
f a c i l i t i e s .  

Cont rac t  terns inc lude  W E  r e s p o n s i b i l i t y  f o r  

Ownership of a l l  equipment and f a c i l i t i e s  acquired by ORAU with DOE 
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RESEARCH PLAN 

A. SPECIFIC AIMS 

12-~-Tetradecanoylphorbol-l3-acetate (TPA) app l i ca t ions  t o  mouse s k i n  
r e s u l t  i n  t he  production of both benign and malignant tumors i f  the TPA 
t reatment  i s  preceded by a s i n g l e  subcarcinogenic app l i ca t ion  of an i n i t i a t i n g  
a g e n t ,  such a s  7,12-dimethylbenz[a]anthracene (1-3). However, i t  i s  
s i g n i f i c a n t  t o  note t h a t  phorbol e a t e r s ,  when used i n  the absence of i n i t i a t o r s  
induce r a t h e r  than i n h i b i t  d i f f e r e n t i a t i o n  i n  human leukemia (Kt-60) c e l l s  (4) 
and s t i m u l a t e  d i f f e r e n t i a t e d  f u n c t i o n s  i n  human melanoma c e l l s  ( 5 ) .  We have 
r e c e n t l y  begun s t u d i e s  of the a l t e r a t i o n s  i n  l i p i d  metabolism e l i c i t e d  by 
t reatment  of BL-60 c e l l s  i n  c u l t u r e  wi th  the potent tumor promoter, TPA. 
s t u d i e s  revealed t h a t  TPA has a profound e f f e c t  on l i p i d  metabolism, i n  
p a r t i c u l a r  phosphatidylcholine.  

i n t r a c e l l u l a r  o r g a n e l l e s ,  t h e i r  p o s s i b l e  r o l e  i n  c e l l u l a r  d i f f e r e n t i a t i o n  
war ran t s  c l o s e r  i nves t iga t ion .  
t reatment  causes a l t e r a t i o n s  i n  the  l e v e l s  of a lkyldiacylglycerols .  
of e ther- l inked l i p i d s ,  and t h e i r  c o u n t e r p a r t s ,  l~ -a lky l -2 -acy lg lyce ro -  
phosphatides,  occur a t  c h a r a c t e r i s t i c a l l y  high l e v e l s  i n  cancer c e l l s  ( 6 , ? ) .  

S p e c i f i c  goals  a r e  t o  e s t a b l i s h  what a l t e r a t i o n s  i n  c e l l u l a r  l i p i d  
composition occur during TPA-induced d i f f e r e n t i a t i o n  of human cancer c e l l s ,  
wi th  p a r t i c u l a r  regard t o  the l e v e l s  of phosphatidylcholine and 
m&nbrane-associated Q-alkyl- and Q-alk-1-enylglycerophosphatides. 
changes a r e  e s t a b l i s h e d ,  i n v e s t i g a t i o n s  a t  the c e l l u l a r  and molecular l e v e l s  
r ega rd ing  t h e  e f f e c t  of TPA on t h e  enzymes, s u b s t r a t e s ,  and co fac to r s .o f  
phosphatidylcholine metabolism vi11 be conducted. These s tud ie s  w i l l  be 
c a r r i e d  out using c e l l  c u l t u r e s  t o  determine r a t e s  of incorporation of acy l  
groups versus  polar head groups and g l y c e r o l  and glucoee v i a  de novo synthesis .  
The experiments w i l l  be designed t o  determine turnover of d i f f e r e n t  components 
of t h e  molecule ( p o l a r  head group, hydrocarbon moiet ies)  during TPA-induced 
d i f f e r e n t i a t i o n .  
enzymes of phosphatidylcholine s y n t h e s i s  are a f f e c t e d  during TPA exposure. 
Those a c t i v i t i e s  t h a t  w i l l  be i n v e s t i g a t e d  include choline kinase,  
CTP-phosphocholine c y t i d y l y l t r a n s f e r a s e ,  and CDP-choline:1,2-diacylglycerol 
phosphocholinetransferase. 
t h e  e f f e c t s  of TPA on t h e  i n t r a c e l l u l a r  l e v e l s  of required s u b s t r a t e s  and 
c o f a c t o r s  such as CTP, phosphocholine, CDP-choline, choline,  and 
d i acy lg lyce ro l .  
l i n k e d  t o  the induct ion of d i f f e r e n t i a t i o n .  
by comparing 32P and I 14 Clcholine u t i l i z a t i o n  i n  1) c e l l s  induced t o  

d i f f e r e n t i a t e  by t reatment  with o t h e r  a c t i v e  induct ion agents, dimethyl 
su l fox ide  and r e t i n o i c  a c i d ,  and 2) i n  leukemia c e l l s  tha t  do not undergo 
d i f f e r e n t i a t i o n  when exposed t o  TPA. 
of t h e  induct ion by TPA l ead ing  t o  t h e  l i p i d  a l t e r a t i o n s  by examining the  
a s s i m i l a t i o n  of labeled precursors  i n  i s o l a t e d  subce l lu l a r  f r a c t i o n s .  

These 

A s  phospholipids a r e  an i n t e g r a l  component of plasma membranes and 

Furthermore, w e  have observed t h a t  TPA 
This c l a s s  

Once these 

I n  t u r n  w e  w i l l  u t i l i z e  ce l l - f r ee  homogenate8 t o  assess which 

Addit ional  emphasis vi11 be placed on determining 

We endeavor t o  determine i f  phosphatidylcholine turnover is  
This query can i n  p a r t  be answered 

F i n a l l y ,  we wish t o  define the l o c a t i o n  

12 



Privi ledged Commur * - a t i o n  

B. S IGN IFICANCE 

Berenblum ( 8 )  discovered t h a t  a s i n g l e  a p p l i c a t i o n  of benzo(a)pyrene t o  
mouse skin followed by mul t ip l e  a p p l i c a t i o n s  of croton o i l  had the remarkable 
a b i l i t y  t o  e l i c i t  tumor growth. The carcinogenic  p r i n c i p l e s  of croton o i l  a r e  
the 12.13-diesters  of t he  polyfunct ional ,  t e t r a c y c l i c  di terpene parent alcohol 
phorbol ( 9 ) .  TPAj the most abundant and most a c t i v e  tumor-promoting agent of 
croton o i l .  has been used widely i n  the two-stage mouse skin carcinogenesis 
system (10)  t o  study the  mechanism of tumor promotion, The use of t i s s u e  
c u l t u r e  systems has  a ided g r e a t l y  i n  e l u c i d a t i n g  the  b io log ica l  consequences of 
TPA exposure. E a r l y  work with cu l tu red  HeLa c e l l s  has demonstrated the 
e f f e c t i v e n e s s  of TPA a s  a thymidine-blocking agent ,  a st imulator  of choline 
inco rpora t ion ,  and an  inducer of c e l l  growth (22).  Recent s tud ie s  have shown 
t h a t  when tumor promoters a r e  used s i n g l y  they i n h i b i t  spontaneous and induced 
d i f f e r e n t i a t i o n  i n  murine erythroleukemia ce l l s  (12-141, mouse neuroblastoma 
c e l l s  (151, 3T3 f i b r o b l a s t s  (161, and av ian  myoblasts (17) .  
s t u d i e s  with HL-60 ce l l s  (4, 18) and human melanoma c e l l s  ( 5 )  have revealed a 
r a t h e r  dramatic a c t i o n  of phorbol e s t e r s :  one of induct ion r a t h e r  than 
i n h i b i t i o n  of c e l l u l a r  d i f f e r e n t i a t i o n .  

In a d d i t i o n  t o  t h e  previously discussed dichotomy of events e l i c i t e d  by 
TPA on c e l l u l a r  d i f f e r e n t i a t i o n ,  tumor-promoting phorbol e s t e r s  s i g n i f i c a n t l y  
a l te r  l i p i d  metabolism. Bohrachneider and Boutvell  (19) and Balmain and Hecker 
(20) examined t h e  r e l a t i o n s h i p  betveen TPA-induced tumor formation i n  mouse 
epidermis and phospholipid metabolism and found t h a t  TPA stimulated the e a r l y  
s y n t h e s i s  of phoephatidylcholine and p~osphatidylethanolamiae. 
lymphocytes TPA causes  an enhanced l a b e l i n g  with [&-3E1 choline of phospha- 
t i d y l c h o l i n e ,  lysophosphatidylcholine, and sphingom e l i n  (211, Likewise, HeLa 
c e l l s  incubated with low concentrat ions of TPA 
inc rease  of chol ine inco rpora t ion  i n t o  c e l l u l a r  phosphatidylcholine (22). The 
p o s s i b i l i t y  t h a t  TPA changes only t h e  permeabi l i ty  of the plasma membrane f o r  
t he  r a d i o a c t i v e  precursor  w a s  excluded, s ince the e f f e c t  of TPA on l i p i d  metab- 
olism w a s  a l s o  observed vhen the c e l l s  were preincubated with labeled choline. 
In a d d i t i o n  t o  t h e  general  e f f e c t  of TPA on phospholipid metabolism, TPA has 
a l s o  been shown t o  evoke o the r  l ipid-associated a l t e r a t i o n s  i n  a v a r i e t y  of 
systems: these include mod i f i ca t ions  of l i p i d  microviscosi ty  i n  lymphoblastoid 
c e l l s  (231, i n h i b i t i o n  of adipose conversion in 3T3 f i b r o b l a s t s  (16) , stimu- 
l a t i o n  of s e c r e t i o n  of d i s a t u r a t e d  phosphatidylcholine from a lveo la r  type  I1 
c e l l s  (241, enhancement of phospholipase a c t i v i t y  and prostaglandin production 
( 2 5 .  261, and a l t e r a t i o n s  i n  gangl ioside metabolism i n  human melanoma c e l l s  
( 5 ) .  We have r e c e n t l y  shown (27) t h a t  TPA-induced d i f f e r e n t i a t i o n  of HL-60 
c e l l s  i s  accompanied by a s t imu la t ion  of phospholipid metabolism (before the 
markers of d i f f e r e n t i a t i o n  a r e  expressed),  enhanced incorporat ion of ace t a t e  
i n t o  f r e e  f a t t y  a c i d s  and n e u t r a l  l i p i d s ,  an inc rease  i n  the amount of c e l l u l a r  
t r i a c y l g l y c e r o l s ,  and a s e l e c t i v e  incorporat ion f a t t y  a lcohol  i n t o  t r i a c y l -  
g l y c e r o l s  and t h e i r  ether-containing analog, a lkyldiacylglycerol .  

c e l l  c u l t u r e s  causes myriad a l t e r a t i o n s  i n  l i p i d  metabolism, the e f f e c t s  of 
phorbol es ters  on c e l l u l a r  d i f f e r e n t i a t i o n  provide a morphological marker f o r  
c o r r e l a t i n g  with the  TPA-induced modif icat ions of l i p i d  metabolism. 

Conversely, 

I n  bovine 

t o  M) show a r a p i d  

Whereas, a number of i n v e s t i g a t o r s  have shown t h a t  TPA supplementation t o  

In t h i s  
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r ega rd ,  a c e l l  sys tem i n  which markers f o r  d i f f e r e n t i a t i o n  can be followed 
would provide a unique model for  studying l i p i d - r e l a t e d  biochemical events  
during the  d i f f e r e n t i a t i o n  process. 
s t u d i e s ,  s ince  a l a rge  population of the c e l l s  (more than 9 0 % )  can be induced 
t o  d i f f e r e n t i a t e  by phorbol e s t e r s  ( 4 ) .  TPA-induced d i f f e r e n t i a t i o n  i n  these 
c e l l s  has been cha rac t e r i zed  by morphological changes, decreased c e l l  d i v i s i o n ,  
an i nc rease  i n  the percentage of phagocytizing c e l l s ,  the attachment of the 
c e l l s  t o  the substratum (41,  and s t imu la t ion  of synthesis  and e x t r a c e l l u l a r  
r e l e a s e  of lysozyme. This  l a s t  f i n d i n g  i s  of i n t e r e s t  s ince TPA can cause 
lysozyme r e l e a s e  from per iphe ra l  blood polymorphonuclear leukocytes ,  but not 
from a l v e o l a r  macrophages (28, 2 9 ) .  

Although the a c t i o n  of TPA a s  an inducer of c e l l  d i f f e r e n t i a t i o n  has been 
the  ob jec t  of considerable  s tudy,  a v a r i e t y  of compounds, unrelated chemically,  
have been shown t o  induce morphological and biochemical a l t e r a t i o n s  i n  numerous 
c e l l  l i n e s .  DMSO induces e r y t h r o i d  d i f f e r e n t i a t i o n  i n  mouse erythroleukemia 
(F r i end)  c e l l s  and the morphological, biochemical, and immunological changes 
induced have been w e l l  cha rac t e r i zed  (30-32). 
e f f e c t  of DMSO has r e c e n t l y  been demonstrated i n  human c e l l s  ( 5 ,  33-35), and 
r e t i n o i c  a c i d ,  another potent  d i f f e r e n t i a t o r ,  has been shown t o  induce m a x i m a l  
d i f f e r e n t i a t i o n  (approximately 9 0 % )  of EL-60 c e l l s  a t  a concentrat ion of 1 H, 
an  amount much l e s s  t han  t h e  concentrat ion needed f o r  DMSO t o  produce similar 
d i f f e r e n t i a t i o n  (36). These s t u d i e s  suggest t h a t  BL-60 c e l l s  share  c m o n  
t a r g e t  s i tes  f o r  t he  induc t ion  of d i f f e r e n t i a t i o n  by these compounds. 

important t a r g e t s  f o r  phorbol esters (37-39). 
exposure, TPA has been sharn t o  e f f e c t i v e l y  increase the s p e c i f i c  a c t i v i t i e s  of 
t h e  plasma membrane enzymes , (Na+-K+)-ATPase and 5'-nucleotidase; t he  
microsomal enzymes, NADS diaphorase and glucose-6-phosphatase, were not 
a f f e c t e d  (39).  Eowever, no information i s  a v a i l a b l e  t h a t  de f ines  the e f f e c t s  
of i n  v i t r o  TPA exposure on enzymes of phosphatidylcholine biosynthesis .  

A s  has  been shown by numerous i n v e s t i g a t o r s ,  phosphatidylcholine i s  the 
c r u c i a l  l i p i d  a f f e c t e d  by TPA. The majori ty  of these s t u d i e s  have d e a l t  with 
t h e  gross  e f f e c t s  of TPA on l i p i d  metabolism. 
a v a i l a b l e  a t  the molecular l e v e l  regarding the e f f e c t  of TPA and induced 
c e l l u l a r  d i f f e r e n t i a t i o n  on t he  enzymes and co fac to r s  responsible  f o r  phospha- 
t i d y l c h o l i n e  synthesis .  Addit ional ly ,  a shortcoming of previous s t u d i e s  has 
been the  f a i l u r e  t o  de f ine  whether t he  s t imu la t ion  of phosphatidylcholine 
metabolism i s  l inked t o  the induct ion of d i f f e r e n t i a t i o n  i n  EL-60 c e l l s .  
Although TPA has been shown t o  s i g n i f i c a n t l y  a l t e r  phosphatidylcholine metab- 
olism i n  BL-60 c e l l s  and o the r  c e l l  l ines,  DMSO and r e t i n o i c  a c i d ,  e f f e c t i v e  
agen t s  of induct ion,  have not been invest igated.  

DMSO was 
not as e f f e c t i v e  as TPA; however, these i n v e s t i g a t o r s  used 0 . 5 1 ,  a n  amount 
which i s  not s u f f i c i e n t  t o  induce maximal d i f f e r e n t i a t i o n  of HL-60 c e l l s  (33).  

implicated i n  the modulation of c e r t a i n  enzyme a c t i v i t i e s  (40). 
metabolism has a l s o  been l inked t o  events  leading t o  the s t imu la t ion  of growth 
(41-45). It i s  t h e r e f o r e  possible  t h a t  t h i s  membrane cons t i t uen t  plays a r o l e  
i n  c e l l  regulat ion.  In t h i s  r e s p e c t ,  the r e l a t i o n s h i p  of phosphatidylcholine 
t o  c e l l u l a r  d i f f e r e n t i a t i o n  has received l i t t l e  a t t e n t i o n ,  mainly because of 

HL-60 c e l l s  a r e  extremely u s e f u l  for such 

The d i f f e ren t i a t ion - induc ing  

Lipids a r e  important components of c e l l u l a r  membranes and membranes a r e  
Under condi t ions of i n  v i t r o  

, 

E s s e n t i a l l y  no information i s  

Kinzel e t  a l .  (22)  have shown 
t h a t  DMSO enhances t h e  inco rpora t ion  of [ 3 E]choline i n t o  HeLa c e l l s .  

Phosphatidylcholine,  a s t r u c t u r a l  component of animal c e l l s ,  has  been 
Phospholipid 
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the  lack of an appropr ia te  model system wherein modi f ica t ions  of phospholipid 
metabolism can be co r re l a t ed  with c e l l u l a r  d i f f e r e n t i a t i o n  by the  appearance of 
d i f f e r e n t i a t i o n  markers. 
numerous advantages t h a t  w i l l  f a c i l i t a t e  the  i n v e s t i g a t i o n  of phorbol d i e s t e r s  
a s  modulators of c e l l  d i f f e r e n t i a t i o n  and phospholipid metabolism. Our inves- 
t i g a t i o n s ,  as well  a s  s t u d i e s  by o t h e r s ,  demonstrate t h a t  one of the  e a r l i e s t  
even t s  e l i c i t e d  by TPA i s  t h e  s t imu la t ion  of phosphat idylchol ine metabolism. 
This information r e in fo rces  the  theory  t h a t  membranes a r e  an  important target  
of phorbol e s t e r s ,  and thus could modulate s i g n a l s  t h a t  i n i t i a t e  c e l l u l a r  
re sponse 8 .  

Kennedy ( 4 6 )  and h i s  co-workers. 
methylat ion of phosphatidylethanolamine by the  t r a n s f e r  of methyl groups from 
S-adenosyl-methionine? was descr ibed by Bremer and Greenberg (47) .  
h i s  col leagues were the  f i r s t  t o  demonstrate t h e  deacyla t ion- reacyla t ion  cycle  
of phosphatidylcholine synthes is  (48, 49).  Although of minor s ign i f i cance ,  
phosphat idylchol ine can a d d i t i o n a l l y  be synthesized by a base exchange r e a c t i o n  
(50). O f  t he  enzymes i w o l v e d  i n  phosphat idylchol ine b iosynthes is ,  i t  now 
appears  t h a t  t he  regula ted  s t e p  i s  ca ta lyzed  by the  enzyme, CTP-phosphocholine 
c y t i d y l y l t r a n s f e r a s e  (51-52). The f i r s t  s t e p  i n  phosphat idylchol ine biosyn- 
t h e s i s ,  the conversion of choline t o  phosphocholine, i s  catalyzed by chol ine  
kinase ; t he  last  s t e p  i n  phosphat idylchol ine b iosynthes is  i s  under the  con t ro l  
of CDP-choline:1,2-diacylglycerol phosphocholinetransferase and conver t s  
d i acy lg lyce to l  and CDP-choline i n t o  phoephatidylcholine.  
t h a t  tumor promoters e l i c i t  remarkable a l t e r a t i o n s  i n  the  metabolism of 
phosphat idylchol ine i n  bovine lymphocytes (21) and HeLa cel ls  (221, t h e r e  has  
been l i t t l e  advancement regarding t h e  mechanism respons ib le  f o r  t h i s  e f f e c t .  
It has  been shown t h a t  one of t he  ear l ies t  responres  e l i c i t e d  by tumor- 
promoting phorbol esters i s  t h e  a l t e r a t i o n  of phospholipid metabolism (11, 27, 
54-57). 
components i n  the  mechanism of c e l l u l a r  growth and d i f f e r e n t i a t i o n ;  phospho- 
l i p i d  metabolism has been shown t o  p lay  an  important r o l e  i n  t h e  events  lead ing  
t o  the  s t imula t ion  of growth (41-45). 

which TPA s t imula t e s  phospholipid metabolism. Wertz and Mueller (21) have 
shown t h a t  phospholipid response t o  TPA i s  i n s e n s i t i v e  t o  the  i n h i b i t i o n  of RNA 
and p r o t e i n  synthes is .  Addit ional ly ,  these  i n v e s t i g a t o r s  have evidence t o  
i n d i c a t e  t h a t  TPA a c t i v a t i o n  of phospholipid metabolism does not r equ i r e  a 
major r e d i s t r i b u t i o n  of phospholipid-metabolizing enzymes. Thus, the  mechanism 
of a c t i o n  of phorbol esters may involve a d i r e c t  e f f e c t  on the  phospholipid 
s y n t h e t i c  enzymes. With these  f a c t o r s  i n  mind, a thorough inves t iga t ion  of t h e  
phospholipid metabol iz ing enzymes dur ing  TPA-induced c e l l u l a r  d i f f e r e n t i a t i o n  
w i l l  a l s o  lend information regarding t h e  r o l e  of phosphatidylcholine i n  c e l l  
growth and d i f f e r e n t i a t i o n .  

The experimental  system descr ibed h e r e i n  provides  

The major pathway fo r  phosphat idylchol ine b iosynthes is  was e luc ida ted  by 
A second mode of syn thes i s  involv ing  t h e  

Lands and 

With the  evidence 

These r e s u l t s  impl ica te  the  involvement of membranes and t h e i r  l i p i d  

The fol lowing po in t s  need t o  be considered i n  proposing the  mechanism by 
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C. PRELININARY STUDIES 

CABOT. Mvles C. 

Our i n i t i a l  r e s u l t s  t h a t  document dramatic a l t e r a t i o n s  i n  l i p i d  metab- 
olism occur r ing  i n  TPA-differentiated HL-60 c e l l s  have been published (27) 
( r e p r i n t  , Appendix I). B r i e f l y ,  t h i s  work shows t h a t  TPA-induced d i f f e r e n t i -  
a t i o n  of HL-60 c e l l s  i s  accompanied by a s t imu la t ion  of phospholipid metabolism 
before the markers of d i f f e r e n t i a t i o n  a r e  expressed. Phospholipid metabolism 
was a s ses sed  by d i f f e rences  i n  the u t i l i z a t i o n  of l abe led  precursors ,  32P and 
[ 14C]choline, i n  control  (un t r ea t ed )  and TPA-treated c e l l s .  
changes i n  l i p i d  metabolism were demonstrated, we be l i eve ,  from our most recent 
s t u d i e s  (manuscript ,  Appendix X) t h a t  the inc reased  l e v e l s  of t r i a c y l g l y c e r o l s  
occurr ing i n  t r e a t e d  c e l l s  i s  a c h a r a c t e r i s t i c  i nhe ren t  t o  the d i f f e r e n t i a t e d  
c e l l .  whereas the f l u x  i n  phosphatidylcholine metabolism i s  e a r l y  i n  the event 
of d i f f e r e n t i a t i o n .  
choline metabolism by TPA i s  l inked t o  the induc t ion  of d i f f e r e n t i a t i o n .  

have been l i m i t e d  t o  s t u d i e s  using l abe led  p recu r so r s  of the polar head groups, 
thus l i t t l e  i s  known about t he  e f f e c t s  of phorbol es ter- induct ion on f a t t y  acid 
metabolism. 
d i r e c t i o n  of acyl  group metabolism of the phospholipids (manuscript, Appendix 
I) .  A s  t h e  data  and d e s c r i p t i o n  of these experiments are ou t l ined  i n  d e t a i l ,  
only a b r i e f  desc r ip t ion  of t h a t  i n v e s t i g a t i o n  follows. In c e l l s  incubated 
with l abe led  f a t t y  ac ids  f o r  1 h r ,  t h e  percent d i s t r i b u t i o n  of l i p i d  radio- 
a c t i v i t y  i s  highest  i n  phospholipids of u n d i f f e r e n t i a t e d  c e l l s ,  whereas i n  
TPA-supplemented c u l t u r e s ,  s u b s t a n t i a l l y  more l a b e l  i s  a s soc ia t ed  with t r i a c y l -  
g lyce ro l s .  This t rend vas confirmed by da ta  der ived from a n a l y s i s  of l i p i d s  i n  
u n d i f f e r e n t i a t e d  and TPA-treated c e l l s  (8 x 10-l' H TPA, 48 h r ) ,  where i n  the 
l a t t e r .  t he  amount of t r i a c y l g l y c e r o l s  increased 3.2-fold. The i nc rease  i n  the 
amount of c e l l u l a r  phospholipids w a s  not as pronounced. 
s t i m u l a t i o n  of the incorporat ion of 32P and chol ine i n t o  phosphatidylcholine 
has been shown t o  occur i n  'SPA-differentiated c e l l s ,  a c y l  group metabolism i n  
phospholipids i s  a f f e c t e d  t o  a much l e s s e r  degree. Thus the turnover of the 
polar  p o r t i o n  of the molecule appears t o  be s t imulated more than the hydro- 
phobic moie t i e s  of phospholipids. An a d d i t i o n a l  i n t e r e s t i n g  observat ion on 
f a t t y  a c i d  metabolism i n  d i f f e r e n t i a t e d  c e l l s  was t h e  f ind ing  t h a t  the desatu- 
r a t i o n  of s t e a r i c  ac id  (conversion of [l-14C]stearic ac id  t o  [l-14Cloleic acid 
by c e l l  c u l t u r e s )  was g rea t ly  reduced compared t o  con t ro l  a c t i v i t y .  
c o r r o l a r y  r e f l e c t i n g  t h e  c e l l u l a r  consequences of t h i s  phenomenon was shown by 
marked d i f f e r e n c e s  i n  acy l  group composition of t r i a c y l g l y c e r o l s  i n  differen-  
t i a t e d  c e l l s ,  which contained decreased amounts of unsa tu ra t e s  compared t o  the 
t r i a c y l g l y c e r o l  f a t t y  acid p r o f i l e  of u n d i f f e r e n t i a t e d  c e l l s .  

We have endeavored t o  determined i f  t he  r a t e  of uptake of f r e e  f a t t y  
ac ids  i s  higher  i n  d i f f e r e n t i a t e d  c e l l s .  A t  ear ly  times a f t e r  TPA exposure (1 
t o  4 h r ) ,  t he re  was no s t imu la t ion  of the c e l l u l a r  uptake of labeled f a t t y  
a c i d ;  however, d i f f e r e n t i a t e d  c e l l s  (24 t o  48 h r  TPA-treated), when exposed t o  
l abe led  a c i d s ,  contained more r a d i o a c t i v i t y  than und i f f e ren t i a t ed  c e l l s .  This 
phenomenon was, however. v a r i a b l e  and dependent on the  f a t t y  ac id  supplemented, 
with arachidonic  acid shar ing the g r e a t e s t  uptake d i f f e r e n t i a l .  When [1-14C]- 
pa lmi t i c  a c i d  and TPA were added simultaneously t o  c u l t u r e s  and incubated f o r  
48 h r ,  the c e l l s  contained approximately twice the  r a d i o a c t i v i t y  (dpm/mg c e l l  

Although other  

This may suggest t h a t  t he  s t imu la t ion  of phosphatidyl- 

The e f f e c t s  of TPA-induced d i f f e r e n t i a t i o n  on phospholipid metabolism 

A t o p i c  of ongoing i n v e s t i g a t i o n  has  t h e r e f o r e  been i n  the  

Whereas a marked 

A 
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p r o t e i n )  compared t o  c e l l s  labeled in the absence of TPA f o r  t he  same time 
period. Q u a l i t a t i v e  ana lyses  of the l i p i d s  i n  the  c o n t r o l  and TPA-treated 
c e l l s  shoved the l a t t e r  t o  contain a 4-fold inc rease  i n  the  amount of 
triacylglycerol-associated r a d i o a c t i v i t y .  

c e l l s  has only been touched on; we have confirmed t h a t  the phosphatidylcholine 
f r a c t i o n  i s o l a t e d  from TPA-differentiated c e l l s ,  l abe led  wi th  [ l -14C]stear ic  
a c i d ,  contains  more r a d i o a c t i v i t y  than ethanolamine-containing phospho- 
g lyce r ides  (approximately 2 t imes).  Our prel iminary data  on f a t t y  ac id  
metabolism coupled with our previous f indings on polar  head group u t i l i z a t i o n  
has yielded s i g n i f i c a n t  information t o  form a u a t u r a l  backdrop f o r  continued 
s tud ie s .  
c u l t u r e  system desc r ibed  by Brietman e t  a l .  (581, we now have HL-60 c e l l s  
(passage 45) growing i n  t h e  absence of serum. 
i s  a r i c h  source of f a t t y  ac ids .  It has always been an advantage for one 
i n t e r e s t e d  i n  l i p i d  s t u d i e s  t o  have a v e r s a t i l e  system wherein c e l l s  can be 
grown e i t h e r  i n  t h e  presence or  absence of serum. 
demonstrated t h a t  these c e l l s ,  grown i n  the absence of serum, can be induced t o  
d i f f e r e n t i a t e  i n t o  a h igh ly  enriched population of macrophage-like c e l l s  ( t h i s  
i s  the  f i r s t  r e p o r t  of t h i s  phenomenon, manuscript i n  p repa ra t ion ) .  This i s  a 
s i g n i f i c a n t  f i nd ing ,  i n  view of the f a c t  t h a t  serum-grown c e l l s  t r e a t e d  with 
TPA have been morphologically character ized a s  both macrophage-like and 
granulocyt ic ,  even though they possess high a c i d  phosphatase l e v e l s  ( 5 9 1 ,  an 
enzymatic marker f o r  macrophages. The acy l  group composition of phospholipids 
and t r i a c y l g l y c e r o l s  from c e l l 8  grovn with serum and i n  a serum-free medium i s  
shown i n  Table I (Appendix 11). 
serum-grown ce l l s ,  t h e  serum-free c e l l s  demonstrate a r e l a t i v e l y  s imple  acyl  
p r o f i l e ;  most notably i s  the  near absence of po lyunsa tu ra t e s  with 16:O + 16:l + 
18:l  comprising about 80% of the t o t a l  species ,  and a s  shown by t h e  DM4 
d e r i v a t i v e s ,  plasmalogen l e v e l s  a r e  5-fold lower. In view of the f a c t  t h a t  
HL-60 c e l l s  can be passaged i n  the absence of serum and d i f f e r e n t i a t e  i n  the 
presence of TPA, t h i s  system w i l l  be extremely use fu l  i n  s t u d i e s  aimed a t  acyl  
group metabolism of phosphatidylcholine and e t h e r  l i p i d  modulations i n  
d i  f f er e n t  i a t i on. 

l i p i d  enzymology. 
experience i n  the  f i e l d 8  of l i p i d  metabolism, membrane biochemistry (membrane- 
enzyme-substrate i n t e r a c t i o n s ,  membrane mod i f i ca t ion ) ,  and t i s s u e  cu l tu re .  As 
a r e s u l t  of my t r a i n i n g  and current  laboratory environment, I f e e l  well 
q u a l i f i e d  t o  pursue the s t u d i e s  on t he  e f f e c t s  of TPA on e t h e r  l i p i d  
metabolism. The f a c i l i t y  a t  the ORAU Medical and Health Sciences Division i s  
wel l  equipped f o r  ca r ry ing  out the spec ia l i zed  analyses t h a t  a r e  required t o  
explore a l l  f a c e t s  of l i p i d  biochemistry. 

The s t u d y  of a c y l  group metabolism i n  phospholipids of d i f f e r e n t i a t e d  

We a r e  most e x c i t e d  with our r e s u l t s  of l a t e :  by u t i l i z i n g  the  

The serum requ i r ed  t o  grow c e l l s  

Furthermore, w e  have j u s t  

Compared t o  t h e  f a t t y  a c i d  composition of 

I vas t r a i n e d  i n  the  area of l i p i d  biochemistry,  and more s p e c i f i c a l l y ,  
The p u r s u i t  of these d i s c i p l i n e s  has given m e  considerable 
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D. METHODS 

1. A l t e r a t i o n s  i n  c e l l u l a r  l i p i d  composition during TPA-induced 
d i f f e r e n t i a t i o n  

The modif icat ion of phosphat idylchol ine metabolism i s  the f i r s t  l i p i d -  
r e l a t e d  event e l i c i t e d  during TPA-induced d i f f e r e n t i a t i o n .  
noted i n  our preliminary s t u d i e s ,  t h e  t r i a c y l g l y c e r o l  and a lky ld iacy lg lyce ro l  
content  i nc reases  i n  leukemia c e l l s  exposed t o  TPA. 
w i l l  compare c e l l u l a r  l i p i d  composition of c o n t r o l  and TPA-exposed c e l l s ,  
varying t h e  concentrat ion and t i m e  of exposure t o  TPA, t o  a s ses s  the e f f e c t s  of 
induced d i f f e r e n t i a t i o n  on t he  l e v e l s  of phosphatidylcholine,  phosphatidyl- 
ethanolamine, i n o s i t o l -  and ser ine-containing phosphoglycerides, t r i a c y l -  
g l y c e r o l s ,  a lby ld i acy lg lyce ro l s ,  and c h o l e s t e r o l .  
t u r n  be c a r r i e d  out  with c e l l s  grovn i n  serum-free media. 
c e l l s  have been shown to con ta in  e l e v a t e d  amounts of ether-l inked l i p i d s .  
t h i s  r e s p e c t  no information i s  a v a i l a b l e  regarding the  e f f e c t s  of TPA on t he  
a l k y l  and alk-1-enyl composition i n  d i f f e r e n t i a t i n g  c e l l s .  
our analyses  t o  the phospholipids f o r  two reasons: 
the major s i t e  of TPA a c t i o n ;  2)  any d i s tu rbance  i n  phospholipid metabolism 
would appear t o  a f f e c t  the e t h e r  l i p i d  pathway. 
w i l l  a l s o  be ex tens ive ly  analyzed i n  i s o l a t e d  plasma membrane and nuc lea r  
f r a c t i o n s .  
induced d i f f e r e n t i a t i o n  w i l l  involve growing the  c e l l s  i n  media containing TPA 
(8 x 10-l' t o  1.6 x M) f o r  p e r i o d s  up t u  3 days. 
( c o n t r o l  and t r e a t e d  c e l l s )  w i l l  be analyzed by thin-layer chromatography and 
q u a n t i t a t e d  by pho todens i tme t ry .  

However, a s  w e  have 

In our i n i t i a l  s t u d i e s  w e  

These experiments w i l l  i n  
Addit ional ly ,  cancer 

In  

Bere, we w i l l  l i m i t  
11, membranes appear t o  be 

Ether phosphoglyceride l e v e l s  

The general  protocol  f o r  l i p i d  compositional analyses during 

The e x t r a c t e d  ' l i p i d s  

2. S t u d i e s  of phosphatidylcholine metabolism using radiolabeled p recu r so r s  

TPA has  been s h a m  t o  s i g n i f i c a n t l y  s t imu la t e  the incorporat ion of 32P 
and [14C]choline i n t o  phosphatidylcholine.  
i n v e s t i g a t e  the e f f e c t s  of TPA on a >  t h e  coulping of choline t r a n s p o r t  and 
phosphorylation, b) phosphatidylcholine a c y l  group metabolism, and c )  de novo 
s y n t h e s i s  of phosphatidylcholine from l abe led  glycerol  and g lyce ro l  precursors.  
Resu l t s  from these s t u d i e s  w i l l  provide prel iminary information on which par t s  
of t he  molecule a r e  e f f e c t e d  by TPA and g ive  supportive information f o r  f u r t h e r  
s t u d i e s  involving the  molecular mechanism by which TPA s t imu la t e s  phospha- 
t i d y l c h o l i n e  turnover. 

be added t o  the growth medium (p lus  serum, serum-free) i n  20 P1 of absolute  
e thano l  or sonicated i n  a small amount of medium and added t o  cu l tu re s .  In 
most i n s t a n c e s  labeled precursors vi11 be en te red  48 h r  a f t e r  TPA add i t ion .  
Water-soluble compounds, such as g l y c e r o l ,  glucose,  and chol ine,  w i l l  be added 
as s o l u t i o n s  made i n  c u l t u r e  medium. Incubat ion time i n  the presence of l a b e l  
w i l l  be varied according t o  t h e  f a c t o r s  being s tudied.  
l a b e l i n g  per iod,  c e l l s  w i l l  be e x t e n s i v e l y  washed i n  cold phosphate-buffered 
saline,  i s o l a t e d  by b r i e f  c e n t r i f u g a t i o n ,  and t h e  l i p i d s  ex t r ac t ed  and analyzed 
a s  d e t a i l e d .  Pu r i f i ed  p l a s m  membrane, microsomal, and nuclear f r a c t i o n s  w i l l  
addi  t i o n a  l l y  be examined. 

We w i l l  extend these s t u d i e s  t o  

Radiolabeled pa lmi t i c ,  s t e a r i c ,  o l e i c ,  and arachidonic ac id  w i l l  e i t h e r  

After the appropriate  
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I n v e s t i g a t i o n s  w i l l  be c a r r i e d  out u t i l i z i n g  c o n t r o l  and TPA-exposed 
BL-60 c e l l s  t o  determine i f  t h e r e  e x i s t  d i f f e rences  between the  r a t e  of uptake 
of [Me- Hlcholine i n  c o n t r o l  
Our i n i t i a l  experiments with '2P and [1,Z-14C]choline suggest t h a t  TPA 
modifying permeabi l i ty  i s  not a f a c t o r  con t r ibu t ing  t o  the  r ap id  s t imu la t ion  of 
phosphat idylchol ine l abe l ing .  Eowever, d e t a i l e d  i n v e s t i g a t i o n s  w i l l  be ca r r i ed  
o u t  va ry ing  time of exposure t o  TPA and the concentrat ion of TPA i n  the 
incuba t ion  medium t o  more thoroughly a s ses s  the e f f e c t s  of TPA on t r anspor t  and 
metabol ic  f a t e  of the l a b e l e d  precursors .  Because i t  i s  important t o  def ine 
whether t h e  s t imulated phosphatidylcholine turnover observed du r in  TPA 
i n d u c t i o n  i s  l inked t o  d i f f e r e n t i a t i o n ,  ve w i l l  c a r e f u l l y  examine j 2 P  and 

r e t i n o i c  ac id .  
disappearance of r a d i o a c t i v i t y  from the c e l l  media. Uptake w i l l  be f u r t h e r  
checked by washing the  c e l l s  ex tens ive ly  and son ica t ing  the  p e l l e t  in water f o r  

. d i r e c t  r a d i o a c t i v e  ana lys i s .  A f r a c t i o n  of the c e l l  sonicate  w i l l  be ex t r ac t ed  
f o r  l i p i d  a n a l y s i s  and t h e  t o t a l  l i p i d  e x t r a c t s  analyzed by thin-layer 
chromatography. In conjunct ion with these s t u d i e s  , pulse-chase experiments 
w i l l  be undertaken t o  determine the  h a l f - l i f e  and metabol ic  f a t e  of labeled 
cho l ine  products ( cho l ine ,  phosphocholine, CDP-choline, phosphatidylcholine).  
B r i e f l y ,  c o n t r o l  and TPA-exposed c e l l s  w i l l  be pulse-labeled with [&-3E]- 
cho l ine  f o r  1 h r .  a f t e r  whic'h the c e l l s  w i l l  be washed i n  f r e s h  medium and 
r e p l a t e d .  
ha rves t ed  and the water-soluble and organic-labeled compounds w i l l  be i s o l a t e d  
and analyzed by Dowex AG 1-X10 (OH form), Norit  A charcoal ,  and thin-layer 
chromatographic procedures according t o  the  methods of Vance e t  a l .  (53).  

A s  l i t t l e  i s  known on how TPA a f f e c t s  t he  a c y l  group metabolism of 
phosphol ipids ,  i w e s t i g a ' t i o n  of a c y l  group inco rpora t ion  and turnover will be 
done. I n i t i a l l y .  experiments w i l l  be designed t o  determine the  e f f e c t s  of TPA 
on t h e  inco rpora t ion  of l a b e l e d  f a t t y  ac ids  i n t o  c e l l u l a r  phosphatidylcholine,  
phosphatidylethanolamine, phospha t idy l inos i to l ,  and phosphatidylserine.  Acyl 
group turnover  w i l l  be a s ses sed  by l abe l ing  a s e r i e s  of con t ro l  and TPA-treated 
c u l t u r e s  f o r  1 hr. The c u l t u r e s  w i l l  then be r e p l a t e d  i n  f r e s h  media and 
s e l e c t e d  a t  var ious t i m e s  t o  determine the r a d i o s p e c i f i c  a c t i v i t y  i n  t he  
chol ine- ,  ethanolamine-, i n o s i t o l - ,  and serine-containing phospholipids. 

( g l y c e r o l ,  glucose) w i l l  be evaluated i n  con t ro l  and TPA-differentiating c e l l s  
t o  determine i f  TPA exposure a l t e r s  t he  u t i l i z a t i o n  of these molecules f o r  the 
s y n t h e s i s  of phosphatidylcholine.  Double-labeled experiments vi11 be conducted 
by incubat ing c e l l s  with [2-3111glycerol and [2-14C]glycerol; d i f f e rences  in the 

3 r a t i o s  of H t o  I 4 C  w i l l  be i n d i c a t i v e  of a s h i f t  from e i t h e r  the glycerol  
phosphate pathway or  t he  dihydroxyacetone-P pathway of phosphatidylcholine 
syn thes i s .  An isotope e f f e c t  has been shown t o  in f luence  the measurement of 
t h e  involvement of these pathways i n  the synthesis  of phosphatidylcholine (60 , 
6 1 ) ;  however, s ince the  experiments w i l l  be c a r r i e d  out on a comparative basis 
( c o n t r o l  versus  TPA-exposed systems),  information gained w i l l  be useful  i n  
i n t e r p r e t i n g  the  e f f e c t s  of TPA on t he  u t i l i z a t i o n  of glycerol  metabol i tes  f o r  
phosphatidylcholine synthesis .  The net  synthesis  of phosphatidylcholine from 
l a b e l e d  glucose w i l l  a l s o  be examined. The confinement of l a b e l  t o  the 
g l y c e r o l  backbone w i l l  be determined by Vi t r ide  r educ t ion  of t he  phospha- 

3 n e o p l a s t i c )  and d i f f e r e n t i a t i n g  c e l l  systems. 

14 Clchol ine uptake and u t i l i z a t i o n  i n  c e l l s  induced with dimethylsulfoxide and 
Transport  of l abe led  choline w i l l  be measured by the 

At var ious  times fol lowing the pulse l a b e l i n g ,  the c e l l s  w i l l  be 

De novo syn thes i s  of phosphatidylcholine from labeled precursors  
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t i d y l c h o l i n e  f r a c t i o n  t o  remove l a b i l e  e s t e r s  followed by i s o l a t i o n  of l abe led  
g lyce ro l  ( 6 2 ) .  
g lyce ro l s  t h a t  w i l l  be cleaved by hydrogen iod ide  treatment t o  y i e l d  a mixture 
of hydrocarbons and g lyce ro l .  The r a d i o a c t i v i t y  in these products can then be 
q u a n t i t a t e d  by d i f f e r e n t i a l  solvent ex t r ac t ion .  

V i t r i d e  reduct ion of a l k y l  phospholipids produces alkyl-  

3 .  In v i t r o  a s says  of t he  major phosphatidylcholine b iosyn the t i c  enzymes 

O p t i m a l  a s say  cond i t ions  for  choline kinase (ATP:choline phospho- 
t r a n s f e r a s e  , EC 2.7 ,1.32), phosphocholine c y t i d y l y l t r a n s f e r a s e  (CTP:choline 
phosphate c y t i d y l y l t r a n s f e r a s e .  EC 2.7.7.15) , and chol ine phosphotransferase 
(CDP-choline:1,2-diacylglycerol phosphocholinetransferase, EC 2.7.8.2) w i l l  be 
e s t a b l i s h e d  us ing  c e l l  homogenates and s u b c e l l u l a r  f r a c t i o n s  from un t r ea t ed  
HL-60 c e l l s .  Once these  condi t ions a r e  e s t a b l i s h e d ,  the a c t i v i t i e s  of t h e  
enzymes w i l l  be compared i n  con t ro l  and TPA-exposed c e l l s .  

a. 
Elvehjem homogenizer i n  media containing 0.25 M sucrose,  1.0 mM EDTA, and 2.0 
mM d i t h i o t h r e i t o l .  
the  supernatant  w i l l  s e rve  as the enzyme source. Choline kinase w i l l  be 
assayed a s  descr ibed by Weinhold and Rethy ( 6 3 ) .  

b. Phosphocholine c y t i d y l y l t r a n s f e r a s e .  The microsomal and so lub le  
f r a c t i o n s  w i l l  be i s o l a t e d  from HL-60 c e l l s  and used a s  enzyme source. 
Phosphocholine c y t i d y l y l t r a n s f e r a s e  w i l l  be assayed by the method of Ansell and 
Chojnacki (64) a s  modified by Weinhold e t  a l .  ( 6 5 ) .  

C. Phosphocholinetransferase. The phosphocholinetransferase a c t i i v i t y  
w i l l  be assayed by inco rpora t ion  of p h o s p h ~ r y l - [ & - ~ ~ C ]  choline into phoapha- 
t i d y l c h o l i n e  from CDP-[&-14C]choline. The procedure described by Weiss e t  a l .  
(66 )  and modified by Vance and Burke (67) w i l l  be used i n  the assay of t h i s  
enzyme. The microsomal f r a c t i o n  vi11 serve as t h e  source of enzyme. The 
product,  phosphat idylchol ine,  can be i s o l a t e d  from the r e a c t i o n  mixture by 
solvent  e x t r a c t i o n  ( 6 7 ) ;  however, thin-layer chromatography ( S i l i c a  G e l  HR) 
w i l l  be used t o  confirm product i d e n t i f i c a t i o n .  1 ,2 -Diacy l -~ -g lyce ro l ,  a 
s u b s t r a t e  i n  the  r e a c t i o n ,  w i l l  e i t h e r  be obtained commercially o r  prepared by 
phospholipase C t reatment  (68 )  of choline phosphoglycerides i s o l a t e d  from egg 
or  from rat l i v e r .  
chromatography as descr ibed by Cabot and Gatt ( 6 9 ) .  

Choline kinase,  ELL-60 c e l l s  w i l l  be homogenized with a Po t t e r -  

The homogenate i s  cen t r i fuged  a t  100,OOOg f o r  60 min and 

The isomeric p u r i t y  w i l l  be v e r i f i e d  by thin-layer 

4. Measurement of i n t r a c e l l u l a r  co fac to r s  of phosphatidylcholine biosynthesis  

As.TPA may in f luence  the  l e v e l s  of required co fac to r s  of the phospha- 
t i dy lcho l ine  b i o s y n t h e t i c  pathway, i t  i s  important t o  regard t h i s  e f f e c t  a s  
playing a poss ib l e  r o l e  i n  the  TPA s t imula t ion  of phosphatidylcholine 
metabolism. I f  TPA causes  a decrease i n  the  endogenous amount of one of the 
choline-containing p recu r so r s ,  t h i s  would then r e s u l t  i n  increased radio- 
s p e c i f i c  a c t i v i t y  and cause s t imulated inco rpora t ion  of labeled chol ine i n t o  
phosphatidylcholine.  The measurement of CTP, phosphocholine, CDP-choline, 
chol ine,  and d i a c y l g l y c e r o l  w i l l  be determined (53)  i n  control  and TPA-exposed 
c e l l s .  
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5 .  TPA e f f e c t  on phospholipid metabolism i n  myeloid b l a s t  c e l l s  

An important co r ro l a ry  t o  t h e  proposed experiments w i l l  be e s t a b l i s h e d  by 
us ing  human leukemia c e l l s  t h a t  a r e  r e s i s t a n t  t o  TPA-induced d i f f e r e n t i a t i o n .  
C e l l s  of t h e  l i n e  K562 do not express  macrophage-like c h a r a c t e r i s t i c s  
(morphology. adhesion, spreading, phagocytosis, NBT reduct ion,  lysozyme 
s e c r e t i o n )  vhen exposed t o  TPA (70). 
experiments,  cen te r ing  on 32P and 114C]choline u t i l i z a t i o n ,  following protocol 
a s  d e t a i l e d  i n  D. Part 2 (S tud ie s  of phosphatidylcholine metabolism using 
r ad io l abe led  precursors) .  
c l a r i f y  the extent t o  which TPA can modify phospholipid metabolism per se 
ver sus  a l t e r a t i o n s  i n  l i p i d  metabolism t h a t  accompany the d i f f e r e n t i a t i o n  
process,  

We w i l l  use these c e l l s  i n  a s e r i e s  of  

These experiments w i l l  provide information t h a t  w i l l  

6 .  Spec i f i c s  of procedure 

a )  Cell cu l tu re ,  d i f f e r e n t i a t i o n ,  and subce l lu l a r  f r a c t i o n a t i o n  

The HL-60 c e l l s  w i l l  be grown i n  b a c t e r i a l  p l a s t i c  P e t r i  d i shes  (No. 
1007, Falcon) i n  RPMI-1640 medium p l u s  20% f e t a l  calf  serum supplemented with 
p e n i c i l l i n  (100 uni ts /ml)  and streptomycin (100 U g / m l ) .  K562 human leukemia 
c e l l s  a r e  present ly  cu l tu red  i n  our  l abora to ry ;  D r .  B. Lozzio (Universi ty  of 
Tennessee Memorial Research Center ,  Knoxville) has agreed t o  donate h i s  K562 
line f o r  f u t u r e  experiments. Cell numbers w i l l  be determined from c e l l  counts 
a f te r  excluding c e l l s  s t a i n e d  with t rypan blue.. Cells w i l l  be t r e a t e d  with TPA 
24 h r  a f t e r  subculture. The concen t r a t ion  of TPA i n  the c u l t u r e  medium w i l l  be 
8 x 10-l’ M. 
d i f f e r e n t i a t i o n ;  however, experiments w i l l  be conducted using a range of 
concentrat ions,  lo” t o  1.6 x lo’* , t h e  highest  being the  amount employed by 
most i nves t iga to r s .  
supplementation, and e v a l u a t i o n  of c e l l  d i f f e r e n t i a t i o n  have been c i t e d  
elsewhere (4, 27). TPA w i l l  be added t o  cu l tu re  media i n  DBSO so t h a t  i t s  
f i n a l  concentrat ion does not exceed 0.01%. This amount of DMSO has  no e f f e c t  
on c e l l  growth or d i f f e r e n t i a t i o n .  Terminal d i f f e r e n t i a t i o n  induced by other 
agen t s  (33)  w i l l  be c a r r i e d  out  by incubating c e l l s  f o r  6 days i n  1.25% DMSO, 
in a l i k e  manner f o r  c e l l s  g r w n  i n  serum-free media (581, o r  i n  media 
containing r e t i n o i c  a c i d  (1 x We 
have shown i n  our previous study t h a t  the s t imulat ion of phosphatidylcholine 
metabolism preceeds t h e  induct ion of d i f f e r e n t i a t i o n  (27).  In view of t h i s ,  i t  
i s  important to  stress t h a t  when s e t t i n g  up the individual  experiments, c a r e f u l  
cons ide ra t ion  must be given t o  parameters such a s  time of exposure, c e l l  
number. inducer concentrat ion,  and degree of c e l l u l a r  d i f f e r e n t i a t i o n .  
Therefore,  these v a r i a b l e s  w i l l  be inves t iga t ed  exhaustively f o r  t he  purpose of 
comparing and con t r a s t ing  the  degree of d i f f e r e n t i a t i o n  with the modif icat ions 
observed in phosphatidylcholine metabolism. 
(morphological) w i l l  be a s ses sed  p e r i o d i c a l l y  by performing d i f f e r e n t i a l  counts 
on Wright-stained c e l l  p repa ra t ions  and based on the percentage of myelocytes, 

This concentrat ion,  i n  our hands, has been s u f f i c i e n t  t o  induce 

E x p l i c i t  d e t a i l s  of c e l l  cu l tu re  procedure, TPA 

M) a s  described by Breitman e t  a l .  ( 3 6 ) .  

Cellular  d i f f e r e n t i a t i o n  

metamyelocytes, and banded and segmented 
c o n t r o l  population c o n s i s t s  p r imar i ly  of 
i nc lude  c e l l  attachment and c e s s a t i o n  of 

neutrophi ls  and macrophages. The 
promyelocytes (90%). Other c r i t e r i a  
growth. Macrophage populations w i l l  
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be a s ses sed .  
(35. 7 1 1 ,  phagocytosis of Candida a lb i cans  ( 3 3 1 ,  lysozyme r e l e a s e  (291, and 
s p e c i f i c a l l y  i n  the case of TPA, ac id  phosphatase a c t i v i t y  for  the macrophage- 
l i k e  d i f f e r e n t i a t i o n  produced (59) .  

Plasma membranes w i l l  be i s o l a t e d  fol lowing a published protocol s p e c i f i c  
f o r  HL-60 c e l l s  (72) .  
descr ibed f o r  guinea pig polymorphonuclear leukocyres ( 7 3 ) .  This procedure 
employs the  homogenization of c e l l s  i n  a medium t h a t  i s  s l i g h t l y  hypotonic 
f o l l a v e d  by immediate r e s t o r a t i o n  of i s o t o n i c i t y .  
i n t e g r i t y  of s u b c e l l u l a r  organel les  i s  maintained. The pu r i ty  of the 
s u b c e l l u l a r  f r a c t i o n  w i l l  be e s t ab l i shed  by a s say  of c l a s s i c a l  marker enzymes. 
We w i l l  a d d i t i o n a l l y  u t i l i z e  the methods of D e  P i e r r e  and Karnovsky (73) and 
Michell  e t  a l .  (741, which provide invaluable  techniques f o r  the i s o l a t i o n  and 
c h a r a c t e r i z a t i o n  of subce l lu l a r  f r a c t i o n s .  

Biochemical markers f o r  d i f f e r e n t i a t i o n  include NBT dye reduct ion 

Nuclei w i l l  be i s o l a t e d  according t o  a procedure 

By t h i s  method, the 

b) Lipid i s o l a t i o n  and analyses  

Lipids  w i l l  be e x t r a c t e d  from con t ro l  and TPA-exposed c e l l s  by a modified 
method of Bligh and Dyer ( 7 5 )  i n  vhich t h e  methanol contains  2% g l a c i a l  a c e t i c  
ac id .  
chromatography i n  a v a r i e t y  of solvent systems (76, see Appendix I). Neutral  
l i p i d s  w i l l  be separated on l a y e r s  on S i l i c a  G e l  G and phospholipids resolved 
by thin- layer  chromatography on S i l i c a  G e l  HE. 
cmmerc ia l  s tandards w i l l  be used f o r  the i d e n t i f i c a t i o n  of individual  l i p i d  
classes. The more r e f ined  sepa ra t ions  include t r i a c y l g l y c e r o l s  and alkyldiayl-  
g l y c e r o l s ,  hexane/diethyl  e t h e r / a c e t i c  a c i d  (80:20: 1); cho les t e ro l  e s t e r s r a x  
esters-alkyldiacylglycerols, benzene (100%); and alkylglycerol-alk-1-enyl 
g l y c e r o l s ,  d i e t h y l  e t h e r / a c e t i c  acid/water (100:0.5:0.51. 
analysis  f o r  the thin-layer-resolved l i p i d s  i s  accomplished by H SO 
of the  chromatoplates a t  2OO0C followed by pho todens i tme t ry  according t o  
P r i v e t t  e t  a l .  (77). 
c u l t u r e  sys tems,  t h e i r  d i s t r i b u t i o n  i n  the l i p i d  e x t r a c t  w i l l  be determined by 
zonal p r o f i l e  scanning of t he  chromatogram (78).  The a lky l  group content of 
e ther-containing phospholipids w i l l  be assessed by V i t r i d e  reduction t o  cleave 
l a b i l e  e s t e r s  followed by r e so lu t ion  of the products , alkylglycerols  and 
alk-1-enylglycerols, on thin-layer p l a t e s  i n  a so lven t  system containing 
d i e t h y l  e t h e r / a c e t i c  ac id fwa te r  (100:0.5:0.5). 

An a l t e r n a t i v e  system f o r  plasmalogen i d e n t i f i c a t i o n  w i l l  be employed t o  
d i f f e r e n t i a t e  between choline and ethanolamine plasmalogens (79). 
l i p i d  phosphorus determinations,  the l i p i d s  w i l l  be separated on thin-layer 
p l a t e s  ( S i l i c a  G e l  HE) i n  a system containing chloroform/ methanolfacetic 
acid/water  (50:25:8:4, v/v) and v i sua l i zed  by E2S04 charring. The spots a r e  
then  scraped i n t o  tes t  tubes f o r  d i r e c t  a n a l y s i s  of phosphorus (80). 

a l t e r e d  physical  p rope r t i e s  of t h e  membranes i n  c o n t r o l  versus TPA-exposed 
c e l l s .  To i n v e s t i g a t e  the e f f e c t s  of TPA on a c y l  group composition, the phos- 
pha t idy lcho l ine  f r a c t i o n  from con t ro l  and t r e a t e d  ce l l s  w i l l  be i s o l a t e d  by 
p r e p a r a t i v e  thin-layer chromatography i n  a solvent  sys tem containing 
chlorofoxm/methanol/acetic acid/water (50:25:8:4). 
prepared by r e f lux ing  the phosphatidylcholine i n  methanol containing 2% H2S04 

Both n e u t r a l  and polar  l i p i d  c l a s s e s  can be resolved by thin-layer 

A comparison of Bf values  with 

Quant i ta t ive 
charr ing 

When radiolabeled l i p i d  p recu r so r s  a r e  u t i l i z e d  i n  c e l l  

2 4  

For phospho- 

Changes i n  the  a c y l  group composition of phosphatidylcholine may i n d i c a t e  

Methyl e s t e r s  w i l l  be 

22 



Privi ledged Commur' - a t i o n  

a t  100°C (81) and analyzed by gas- l iquid chromatography according t o  the  
methods described by Blank and Snyder (82)  and Blank e t  a l .  ( 8 3 ) .  Addi- 
t i o n a l l y .  d i f f e r e n c e s  i n  the p o s i t i o n a l  s p e c i f i c i t y  of the f a t t y  ac ids  w i l l  be 
determined by gas-liquid chromatography a f t e r  treatment of phosphatidylcholine 
with phospholipase A2 ( 8 4 ) .  

7. P r i o r i t i e s  

The p r i o r i t i e s  of our proposed work w i l l  be e s s e n t i a l l y  according t o  the 
order  o u t l i n e d  (pp. 18-21). 
l i p i d  compositional s t u d i e s  of c e l l s  a f t e r  s p e c i f i c  t r ea tmen t s ,  and these 
r e s u l t s  w i l l  d i r e c t  f u t u r e  p r o j e c t  dec i s ions  so t h a t  major compositional 
changes can be inves t iga t ed  from the point of view of e s t a b l i s h i n g  the 
underlying mechanism f o r  the change. 

However, preliminary data  w i l l  be obtained through 

Timetable: 

F i r s t  Year: We w i l l  concentrate  our e f f o r t s  on determining the  c e l l u l a r  
l i p i d  compositional changes t h a t  occur in response t o  TPA-induced differen-  
t i a t i o n .  Close s c r u t i n y  w i l l  be given t o  the in f luence  of concen t r a t ion  and 
time of exposure t o  TPA and how t h i s  e f f e c t s  t he  t r i a c y l g l y c e r o l ,  a lkyldiacyl-  
g l y c e r o l ,  phosphatidylcholine,  phosphatidylethanolamine, and a l k y l  group 
content of experimental c e l l s .  S tud ie s  w i l l  be i n i t i a t e d  us ing  l abe led  
compounds t o  a s s e s s  t h e  e f f e c t s  of TPA on the coupling of chol ine t r anspor t  and 
phosphorylation, phosphatidylcholine acy l  group metabolism, and de novo 
syn thes i s  of phosphatidylcholine.  

Second Y e a r :  S tud ie s  w i l l  begin u t i l i z i n g  a l t e r n a t e  agen t s  of induct ion 
(DMSO, r e t i n o i c  a c i d )  and morphological and biochemical markers f o r  differen-  
t i a t i o n  assessed. Phosphatidylcholine metabolism (32P, [ 14C]choline) w i l l  be - 
i n v e s t i g a t e d  i n  con t ro l  and induced c e l l s  (EL-601, and i n  TPA-resistant K562 
leukemia c e l l s .  
chol ine c y t i d y l y l t r a n s f e r a s e ,  and phosphocholinetransferase vi11 be e s t ab l i shed  
and experiments i n i t i a t e d  t o  determine the e f f e c t s  of TPA-induced 
d i f f e r e n t i a t i o n  on the  a c t i v i t y  of t h e  anabol ic  enzymes. 

The optimal condi t ions f o r  assaying chol iue k inase ,  phospho- 

Third year: S tud ie s  on the  a c t i v i t i e s  of the phosphatidylcholine 
b iosyn the t i c  enzymes w i l l  continue. 
conducted t o  measure t h e  e f f e c t s  TPA e x e r t s  on the c e l l u l a r  c o f a c t o r s  and 
s u b s t r a t e s  required f o r  phosphatidylcholine synthesis .  Throughout the 3-year 
period we w i l l  be examining plasma membrane, nuclear ,  and microsomal c e l l  
f r a c t i o n s  in conjunction with our o the r  experiments so t h a t  i nduc t ive  l o c a l e s  
( t a r g e t  s i t e s )  can be con t inua l ly  assessed. 

Simultaneously, experiments w i l l  be 
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E. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA 

The b io log ica l  ma te r i a l s  used i n  t h i s  study cons i s t  of cu l tu red  c e l l  
l i n e s  of human o r i g i n  t h a t  were e s t a b l i s h e d  i n  1977. 
i s  s a t i s f a c t o r i l y  equipped t o  handle  and dispose of t h i s  ma te r i a l  i n  a s a f e  
fashion.  

Our c e l l  c u l t u r e  f a c i l i t y  

F. LABORATORY ANIMALS 

None. 

G. CONSULTANT 

D r .  Fred Snyder of our Div is ion  has  agreed t o  serve as a consul tan t  in 
t h i s  research  pro jec t .  Also, w i th in  our Divis ion w e  have an exce l l en t  cyto- 
gene t i c s  department headed by D r .  Gayle L i t t l e f i e l d .  She and h e r  co-workers 
have agreed t o  a i d  i n  the  cy to logic  a spec t s  of morphological assessment of 
d i f f e r e n t i a t i o n .  Curriculum v i t a  f o r  D r .  Snyder and D r .  L i t t l e f i e l d  a r e  i n  
Appendix 111. 

group: c e l l  b i o l o g i s t s  and t o x i c o l o g i s t s  ( D r .  E l i eze r  Euberman's group, Argonne 
Nat iona l  Laboratory) ,  organic  chemists  ( D r .  Claude Piantadosi ' s  group a t  t he  
Univers i ty  of North Carol ina.  Chapel E i l l ) ,  and mass spec t roscop i s t s  a t  t he  Oak 
Ridge Nat ional  Laboratory ( D r .  W i l l i a m  Rainey). These s c i e n t i s t s  w i l l  be 
h e l p f u l  i n  so lv ing  some of t h e  s p e c i a l i z e d  problems t h a t  might a r i s e  ( ce l l  
d i f f e r e n t i a t i o n ,  cha rac t e r i za t ion ,  syn thes i s ,  and i d e n t i f i c a t i o n  of compounds). 

We have working arrangements wi th  a number of s c i e n t i s t s  ou t s ide  our 

H. CONSORTIUM ARRANGEMENTS OR FORMALIZED COLLABORATIVE AGREEMENTS 

None. 
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Executive 
Office 
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We are submi t t i ng  f o r  your c o n s i d e r a t i o n  seven  c 9 p i e s  of a g r a n t  
a p p l i c a t i o n  e n t i t l e d  Lipid Metabolism in TPA-Differentiating Leukemia. 
This p r o j e c t  w i l l  be  supe rv i sed  by D r .  Myles Cabot. 
s u b m i t t e d  i n  p l a c e  of an  earlier submission by t h e  same t i t l e  and a s s igned  
N I H  No. 1 RO1 CA 29153-01. 
withdrawn from c o n s i d e r a t i o n .  
based  on  c r i t i c a l  rev iew'of  t h e  ear l ier  v e r s i o n .  
D r .  Cabot r e q u e s t  t h i s  s u b s t i t u t i o n .  
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The enc losed  p r o p o s a l  has  been re-written 
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Oak Ridge, TN 37830 

S u b j e c t :  DRAFT APPLICATION TO N I H  FOR A PROJECT ENTITLED "LIPID METABOLISM 
I N  TPA-DIFFERENTIATING LEUKEMIA" 

Dear D r .  Bibb: 

Enclosed are t h r e e  cop ie s  of a d r a f t  a p p l i c a t i o n  t o  N I H  f o r  a p r o j e c t  
e n t i t l e d  "Lipid Metabolism i n  TPA-Differentiating Leukemia" t o  be c a r r i e d  
o u t  under t h e  d i r e c t i o n  of D r .  Myles C.  Cabot. I f  approved, t h i s  work w i l l  
be c a r r i e d  o u t  under procedures and p o l i c i e s  a l r e a d y  e s t a b l i s h e d  between ORAU 
and t h e  DOE f o r  work i n  f a c i l i t i e s  owned by DOE. Should any q u e s t i o n s  a r i s e  
d u r i n g  your review of t h i s  proposal  p l e a s e  do n o t  h e s i t a t e  t o  c a l l  D r .  Cabot 
a t  6-3122. 

Formal c o p i e s  of t h i s  g r a n t  a p p l i c a t i o n  should be forwarded t o  NTH no 
la ter  than  October 26, 1981. 

S i n c e r e l y ,  

P h i l i p  'L . J A s o n  
Execut ive D i r e c t o r  

RYAN : b r  

Enclosures  



I, 

DEPARTMENT OF HEALTH UCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

. I . .  

L E A V E  B L A N K  
TYPE AC I I VITY NUMBER 

1 

REVIEW GROUP 

COUNCIL/BOARD (Monfh. y e o r )  

GRANT APPLICATION FORME RLY 

D A T E  RECEIVED 
F O L ~ O W  INSTRUCTIONS CAREFULLY 

1. TITLE OF APPLICATION (h not exceed% typewriter s p a e e l )  

3f. TELEPHONE (Areo -de, number md extension) 

615 15 7 6-3 122 
4. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA INVOLVED 

YES (If "YES," form HEW 596 required) 

6. DATES O F  ENTIRE PROPOSED PROJECT PERIOD 
(This opplicotion) 

From: July 1, 1982 Through: June 30, 1985 

9. PERFORMANCE SITES (Orgonizotions ond oddresses) 

39. MAJOR SUBDIVISION 
Medical and Health Sciences Division 

5. RECOMBINANT DNA RESEARCH SUBJECT TO NlH GUIDELINES n NO YES 

7. TOTAL DIRECT COSTS RE- 
QUESTED FOR PROJECT 
PERIOD (from pope 5) 

8. DIRECT COSTS REQUESTED FOR 
FIRST I2-MONTH BUDGET 
PERIOD (from page 4) 

f 220,000 $69,400 
10. INVENTIONS (Competing continuation *p l icat ion only) 

LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA 
2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT u NO u YES (If 'YES," stote RF A number a n d o r  onnouncement t i t le)  

3. P R I N C I P A L  INVESTIGATOR/PROGRAM D I R E C T O R  
30. NAME (Lost, first, middle )  

3c. MAILING ADDRESS (Street, city, state, z ip  CodJ 
CABOT, Myles C. 

I 3d .  POSITION T I T L E  

Medical and Health Sciences Division 
Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, Tennessee 37830 

Biochemist 

3s. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 

Biological Chemistry 

Medical and Health Sciences Division 
Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, Tennessee 37830 

Were any inventions conceived or roduced to practico during the course 
of  the project? 

YES + Previously roported 

YES - Not previously reported 

12. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR 
INSTITUTIONAL GRANT (See instruct ions) 

Code Descript ion: 

(Medical and Health Sciences Division) 
IS. OFFICIAL I N  BUSINESS OFFICE TO B E  NOTIFIED IF  AN 

AWARD I S  MADE (Nome, title, oddress 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) 

17. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSURANCE: I agree 
to accept responsibility for the scientific conduct of the prolect ond to pro- 
vide the required progress reports i f  a gront i s  awarded as o result of this 
application. 

18. CERTIFICATION AND ACCEPTANCE: I certify that the statements hemin 
are true and complete to the best of my knowledge, ond occept the obliga- 
tion to cmp ly  with Public Heolth Service terms ond conditions i f  a gront 
i s  owordd OS the result of h i s  application. A willfully false certilicotion 
i s  o criminol offense. (U.S. Code, Tit le 18, Section 1001.) 

mi 5-398 

dis t r ic t )  

Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, Tennessee 37830 

Third Congressional District 

1620476816Al 
13. ENTITY IDENTIFICATION NUMBER 

14. TYPE OF ORGANIZATION (See instruct ions) 

Publ ic  (Specify Fcdeml, Stote, Local): 

16. OFFICIAL SIGNING FOR APPLICANT ORGANIZATION (Name, title, 
address and telephone number) 

Philip L. Johnson 
Executive Director 
Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, TN 37830 (615/576-3300) 

SIGNATURE OF PERSON NAMED IN 30 (In ink. 
"Rr" signature not acceptable) 

SIGNA i U R E  OF PERSON NAMED I N  16 (In ink. 
" P d '  signoture mt occeptobfe) 

DATE 

Rev. Ion9 1 0 1 9 b 3 1  



D E P A R T M E N T  nc H E A L T H .  EDUCATION,  AND W E L F A R E  
LIC H E A L T H  SERVICE 

ABSTRACT OF RESEARCH PLAN 

NAME AND ADDRESS OF A P P L I C A N T  ORGANIZATION (Sane os I t o n  11, pope 1 )  

Oak Ridge Associated Universities, P. 0. Box 117 
Oak Ridge, Tennessee 37830 
T I T L E  OF A P P L I C A T I O N  ( s o m e  os ttcm 1. Pow 1) 

L E A V E  BLANK 
P R O J E C T  NUMBER 

LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA 
Nome, T i t l e  and Deportm8nf o f  0 1 1  professional personnel enpoged on proiect, beginning with Principal lnvestigotor/Progrorn Director 

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

A B S T R A C T  OF RESEARCH P L A N :  
the scientific discipl iner  involved and the health-relotednerr of the project. T h e  obrtroct should be self-contoined so that i t  con serve os o succinct 
and occurote description of the opplicotion when reporoted from i t .  DO N O T  E X C E E D  THE SPACE PROVIDED.  

Concisely describe the opplicotion’r specific oims, methodology ond long-term obiectiver, moking rehrence  to 

~~ 

’he potent tumor promoter, 12-0-tetradecanoylphorbol-13-acetate (TPA) has been shown to 
timulate phospholipid metabolism in mouse epidermis and in a variety of cells maintainec 
n culture. 
uman leukemic cells (HL-60). 
idylcholine metabolism in leukemia cells and that this stimulation preceeds the ex- 
lession ofthe various differentiation markers. However, the mechanism by which TPA 
lters phospholipid metabolism and the role of phosphatidylcholine in the cell differ- 
ntiation process remains obscure. Essentially no information is available at the 
olecular level regarding the effect of TPA on the enzymes and cofactors responsible for 
hosphatidylcholine synthesis. By utilizing tumor promoters, such as TPA, we will be 
ble to correlate the dynamics of phospholipid metabolism with cellular differentiation. 
otal lipids isolated from control and TPA-exposed cells will be rigorously analyzed, 
nd the activities of the key enzymes of phosphatidylcholine synthesis (choline kinase, 
TP-phosphocholine cytidylyltransferase, CDP-choline:1,2-diacylglycerol phosphocholine- 
ransferase) will be characterized in vitro. Additionally, TPA may modify phosphatidy- 
holine 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. 
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. 
responsible f o r  the TPA-induced stimulation of phosphatidycholine turnover in differ- 
entiating cells. 

When used as very low concentrations, TPA also induces differentiation in 
We have shown that TPA elicits stimulation of phospha- 

The assimilation of radiolabeled fatty 

The ultimate objective is to understand what factors are 

L A B O R A T O R Y  ANIMALS I N V O L V E D .  Identify by common nomes. I f  none, stole “none” 



P R I N C I P A L  INVESTIGATOR/PROGRAM P '3ECTOR:  CMOT, Myles c. 

T A B L E  O F  C O N T E N T S  

Number poges c o n s e c u t i v e l y  a t  the bottom throughout the opp/ ico t ion .  P o  not  u s e  su f f i xes  such  as 
50, 5b. ,Type the nome o f  the P r i n c i p a l  Inves t igo tor /Progrom D i rec to r  a t  the top o f  eoch p r i n t e d  poge 
and eoch con t inuo t ion  page. 

SECTION 1. PAGENUMBERS 

Face Page, Abstract, Table of Contents... ........................................... 1-3 
4 
5 

Detai led Budget for F i r s t  12 Month Budget Period ..................................... 
Budget Estimates for All Years of Support ............................................ 
Biographical Sketch-Principal Investigator/Program Director (Not to exceed two poges). .... .- 

Other Biographical Sketches (Not to exceed two poges for each).. ....................... - 
Other Support ..................................................................... __ 
Resources and Environment ........................................................ - 

SECTION 2. 

Introduction (Excess pages; revised ond supplemental opplicotions) ..................... 
Research P lan  

A. Specific A ims (Not to exceed one pogej  ....................................... 
B. Significance (Not to exceed three pogesl. ...................................... 
C. Progress RepordPre l  iminary Studies (Not to exceed eight poges} ................. 
D. Methods ................................................................... 
E. Human Subjects, Derived Materials or Data.. .......................... .; ..... .-. 
F. Laboratory Animals ......................................................... 
G. Consultants ................................................................ 
H. Consortium Arrangements or Formalized Collaborative Agreements ................ 
1. Li terature C i ted  ............................................................ 

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

Number of pub1 ications: 
Other items ( l is t ) :  

Number of manuscripts: 

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



PRINCIPAL INVESTICATOR/PPOGRAM DIRECTOR. CmOT. Myles c. 
I E D n U  1 THROUGH 

PERSONNEL (Applicant oryonirotion o n l y )  ( S C C  instructions) 

NAME T I T L E  O F  POSITION 

TIM E / E F  FORT 

TOTAL5 
FRINGE 

Houim per S A L A R Y  B E N E F I T S  
Week 

I 

Cabot, Myles C . .  Ph.D. Princtpal Investigator 50 
Welsh, Clement J. Research Assoc ia t e  50 
TO BE NAMED P o s t d o c t o r a l  o r  

Research Techniciah 100 

I I I 

20 15,000 1 3.000 18.0C: 
1 1 . 3 5 2  20 9.430 I 2 , 120  

40 18.000 3,600 

SUBTOTALS b, 47.430 8: 720 
CONSULTANT COSTS (See ins tnrc t ions)  

21.6G3 

5 1  159 

EQUIPMENT ( I tcmizd  

C o u l t e r  Counter $4,650 

SUPPLIES (Itemixe by category) 

T i s s u e  C u l t u r e  Ware $2,300 
C e l l  C u l t u r e  Media & Serum 4,000 
Chemicals 1,700 
Radiolabeled Compounds 4,600 

DOMESTIC 
FOREIGN 

INPATIENT 

OUTPATIENT 

T R A V E L  

PATIENT CARE COSTS 

ALTERATIONS AND RENOVATIONS ( I temize  by category) 

CONTRACTUAL 

4,650 

1 7  6Cf l  
1.000 

OTHER EXPENSES ( I tanire b y  category) 

t TOTAL D I R E C T  COSTS (Also mttl M page I ,  i t m  8)  169,400 



BUDGET C A T E G O R Y  
T O T A L S  

PERSONNEL (Solory ond 

( b p / , c o n t  o r v n i z @ l o n  o n l y )  

CONSULTANT COSTS 

fringe bcncfrts.) 

EQUIPMENT 

SUP P L I  ES 

DOMESTIC 

TRAVEL 
FORE1 GN 

INPATIENT 
P A T I E N T  

CARE 
OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

TOTAL DIRECT COSTS 

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD a t c r o n p o g c  I ,  itam 7; ______t s 220,000 

DIRECT COSTS ONLY 

A D D I T I O N A L  YEARS SUPPORT R E Q U E S T E D  1 s t  B U D G E T  
P E R I O D  

(from page 4 )  2.c 3rd 4th 5th 

51,150 56,300 61,900 

4,650 0 0 

12,600 13,900 15,300 

1,000 1,000 1,000 

0 5 00 500 

$69,400 $71,700 $78,900 

I 

JUST1 FICATION (Use wntlnuat ion pages i f  necessary): Brief ly  describe the specific functions of the personnel ond consultonts. For 011 yeon,  
justify ony costs for which the need moy not be obvious, such os equipment, foreign trovel, altarotions ond renovations, ond contractual or third 
party ~ ~ s t s .  For future years, justify ony significant incrcoses i n  ony colcgory. I n  oddition, for COMPETING CONTINUATION opplicationr, 
justify ony sipnif icont  increases over current level of support. I f  o recurring onnuol increose in personnel costs i s  onticipotcd, give perc*+we.  

Recur r ing  I n c r e s e a s  i n  Personnel  Costs  computed a t  10%. 

Equipment J u s t i f i c a t i o n :  

1st Year - Coul t e r  coun te r  model ZF S e r i a l  6600338 - Our p r e s e n t  Coul ter  coun te r  
(model B) is  an o l d ,  t ube  model w i t h  a n  e x c e s s i v e  amount of down-time. 
r e p r o d u c i b l e  and r a p i d  c e l l  number assessment  is  an  e s s e n t i a l  g u i d e l i n e  f o r  t h e  c u r r e n t  
p r o j e c t ,  as e l l  number d a t a  w i l l  be  used f o r  d i f f e r e n t i a t i o n  cri teria.  The model ZF 
is t h e  most economical coun te r  of t h e  series and o f f e r s  a l l  t h e  f e a t u r e s  w e  r equ i r e .  

Accurate,  

P e r s o n n e l  J u s t i f i c a t i o n :  

Clement Welsh (Research Assoc ia t e ) .  
w i t h  m e  on t h e  HL-60 p r o j e c t .  
are t i m e  consuming and r e q u i r e  s k i l l ) .  
a i d  i n c l u d e  c e l l  c u l t u r i n g ,  i n d u c t i o n  of d i f f e r e n t i a t i o n  p r o t o c o l  i n  vitr .0 enzyme as say  
and l a b o r a t o r y  management. 

M r .  Welsh w a s  t r a i n e d  by m e  and works c l o s e l y  
H e  w i l l  b e  c a r r y i n g  out  l i p i d  composition ana lyses  (These 

I n  a d d i t i o n ,  t hose  d u t i e s  which M r .  Welsh will 

PHS-398 PACE 5 



I, . , , /I .I ,.IIlYd , /  1 # . / I  
b / /  I 

CABOT, Myles C. 

Postdoctoral 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. 
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. 

The major duties of this position will be assessment of cell 

Page 6 
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pPtNCIp*L I N V E S T I C A  TOR PROCRAM D I R E C T O R  My1es c *  
BIOCRAPHICA L SKETC 

N A M E  

bfyles C. Cabot 
B I R T H D A T E  (Mo. ,Doy,Yr , ,  1 I T L E  

Biochemist 

I I 1 
I I I 
I I I 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concludinp with present position, l i s t  i n  chronologicol order previous employment, erwri-  

ence, and honors. Include present membership on ony Federal Government Public Advisory Committern. L is t ,  in chronological order, the titles o d  
complete references to recent reprerentaiive publications, especiolly those m o s t  pertinent to this application. Do not exceed 2 pager. 

1970-1972: 

1975-1976: I n s t r u c t o r ;  1974-1976: Ass i s t an t sh ip ;  1972-1974, Fellowship--The Hebrew 

1976-1978: Damon Runyon-Walter Winchel l  Postdoc. Fellow i n  Cancer Research,  Medical 

Graduate A s s i s t a n t s h i p ;  1969-1972, Laboratory Assistant--Western Caro l ina  
Univ., Cullowhee, NC. 

Univ, Jerusalem, Israel ,  

and Heal th  Sc iences  Div i s ion ,  Oak Ridge Associated U n i v e r s i t i e s ,  Oak Ridge, 
Tennessee. 

Associated Universities, Oak Ridge, Tennessee (Biochemist ,  A p r i l  1979) 
November 1978-Present: S c i e n t i s t  I ,  Medical and Heal th  Sc iences  Div i s ion ,  Oak Ridge 

PUB L I  CAT1 ONS 

Cabot,  M. C. and G a t t ,  S. Lipase a c t i v i t y  i n  r a t  brain. Isr. J. Med. Sc i .  11, 1194, 1975 
( a b s t r a c t )  

Cabot, M. C. and Gatt ,  S. 
microsomes. 

Hydrolysis o f  neutraZ gZycerides by l ipases of ra t  brain 
Biochim. Biophys. Acta 931, 105-115, 1976. 

Cabot, M. C. and Gatt, S. 
bmin .  

Substrate spec i f i c i t y  of the microsomal acid Zipcse of rct 
Isr. J. Med. S c i .  1 2 ,  1368, 1976 ( a b s t r a c t )  

Cabot, M. C. and G a t t ,  5. H_udro2:isis of endosenous diacylgZ2ceroZ and r n o n o n q l g l y c ~ x ~  59 
lipcses i n  ra t  brain microsonas. Biochemis t ry  16 ,  2330-2334, 1977. 

Cabot,  M. C. and G a t t ,  S. Rat braiiz microsomd lipcse activZt2. Adv.  EX^. ,Sled. Biol .  
101, 101-111, 1978. 

Cabot,  i. C. and Snyder, F. 
monolayers supplemented w i t h  chuuZrnoogric acid. 
1978. 

The manipulation of f a t t y  acid composition in G M  c e l l  
Arch. Biochem. Biophys. 190, 838-846, 

Cabot, M. C. and Snyder,  F. 
l ipids of neophs t i c  cezzs. 
Argen t ina ,  Abs t r ac t s ,  Workshops, V o l .  l., 1978, p.  177 (Abs t r ac t  18). 

A s s h i l a t i o n  of unnaturaz aZiphatic moieties into conplez 
In :  XI1 I n t e r n a t i o n a l  Cancer Congress, Buenos Aires , 

Cabot,  M. C. and Gatt ,  S. The hydrolysis of triacyZgZyceroZ and diac~lg2yceroZ by a 
‘ r a t  brain microsomal l ipase w i t h  an acidic pH optimwn. Biochim. Biophys. Acta 530, 

508-512, 1978. 

Cabot,  M. C. and Snyder, F. 
Fatty alcohol versus aZkyZgZyceroZ supplements. 
1980. 

Pkmipulation of aZkylgZyceroZipid l eve l s  in cuttured e e l 3  
Biochim. Biophys. Acta 617, 410-418, 

PH 5.398 
Rev. lOn9 
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M O T ,  Myles C. 

Cabot, M. C. ,  Welsh, C. J . ,  Callaham, M. F., and Huberman, E. 
xetabolisrn irduced b y  12-0-tetradecanoy Z-phorboZ-13-acetate i n  di f ferent iat ing human 
myeloid leukemia cells. 
Cancer Res. 4 0 ,  3674-3679, 1950. 

Alterations in l i p i d  

41 
Cancer Res, 4 0 ,  3674-3679, 1980. 

Cabot, M. C. and Goucher, R.R. 
Zipids of mycobacteria. L i p i d s  16, 146-148. 1981. 

Choulmoogric acid: Assh i la t ion  i n t o  the conrplez 

Cabot,  M. C. and Lumb, R. H. 
of Sarcovhaga bullata (Diptera: Sarcophagidae). Comp. Biochem. PhysioL. 68B, 

The a c t i v i t y  of a Zow temperature lipase i n  the Zamaz 

325-328, 1981. 

Cabot, M. D. and Welsh, C. J. 
3-methyZchoZanthrene transformed c2one. Arch. Biochem. Biophys. ( i n  p r e s s ) .  

Ether Zipid studies i n  mouse C3fl/lDT1/2 ceZZs and a 

Cabot, M. C. and Welsh, C. J. 
t ing human leukemia ce l l s .  Cancer Res. ( i n  p r e s s )  
Cabot, M. C.,  Welsh, C. J. ,  and Snyder F. 
l i p i d s  i n  L M  c e l l s  a l t e r s  growth and choline u t i t i za t ion .  
(Submitted) . 

Fatty acid metaboZism in phorboZ ester-dif ferentia- 

Modifying the levels  of ether-linked 
Expt l .  C e l l  Res. 



PRINCIPAL INVESTlGATOR/PROGRAM DIREC 

OTHER SUPPORT 
(USE CONTINUATION PAGES I F  NECESSARY) 

For each of the professionals named on page 2, l i s t ,  i n  three separate groups: (1) act ive support; (2) applications 
pending review and/or funding; (3) applicotions planned or being prepared for submission. Include 4 Federal, non- 
Federal, and inst i tut ional  grant and contract support. I f  none, state "NONE.': For each i tem give the source of  support, 
identi fying number, project  title, name of principal investigator/program director, t ime or percent of  effort on the project 
by professional named, annual direct costs, and entire period of  support. ( I f  port of a larger project, provide the t i t les of  
both the parent grant and the subproject and give the annual direct costs for eoch.) Br ie f l y  describe the contents of each 
item listed. I f  any o f  these overlap, duplicate, or are being replaced or supplemented by the present application, just i fy 
and delineate the nature and extent of the scient i f ic  and budgetary overlaps or boundaries. 

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

I n v e s t i g a t o r  c u r r e n t l y  has  no i n d i v i d u a l  r e s e a r c h  s u p p o r t .  H e  i s  supported under 
o t h e r  l a r g e r  p r o j e c t s :  

A. American Cancer S o c i e t y ,  Grant No. BC-70L; "Metabolism, Regu la t ion  and Function 
of Ether-Linked G l y c e r o l i p i d s  and T h e i r  P r e c u r s o r s  i n  Cancer Cells"; D r .  Fred 
Snyder: S e n i o r  I n v e s t i g a t o r ;  20% E f f o r t :  $58,150 annua l  d i r e c t  c o s t s  and 
e n t i r e  p e r i o d  s u p p o r t ;  Purpose i s  t o  s t u d y  t h e  metabolism and r e g u l a t i o n  of 
e t h e r -  and e s t e r - t y p e  g l y c e r o l i p i d s  i n  s e l e c t e d  cance r  c e l l s .  

B. NIH; Grant No. 5 RO1 CA 11949-12; "Ether  L i p i d s  i n  Cancer - Enzyme Mechanisms"; 
D r .  Fred Snyder:  Sen io r  I n v e s t i g a t o r ;  25% e f f o r t ;  $57,404 annua l  d i r e c t  
c o s t s ;  $305,031 TDC e n t i r e  p e r i o d  of s u p p o r t ;  Purpose i s  t o  p u r i f y  key enzymes 
invo lved  i n  t h e  metabolism of e t h e r  l i n k e d  l i p i d s ,  so  t h e i r  k i n e t i c  p r o p e r t i e s  
and r e a c t i o n  mechanisms c a n  be e s t a b l i s h e d .  

C. DOE; C o n t r a c t  No. DE-AC05-760R00033; "Lung S u r f a c t a n t ,  Membrane, L ip ids  and 
Energy Biohazards";  D r .  Fred Snyder: Sen io r  I n v e s t i g a t o r ;  55% e f f o r t ;  $223,549 
annua l  d i r e c t  c o s t s  and entire suppor t  p e r i o d ;  Purpose of r e s e a r c h  focuses  on 
h e a l t h  problems c r e a t e d  by newer energy t e c h n o l o g i e s ;  s t u d y  t h e  e f f e c t  of chemical 
t o x i c a n t s ,  ca rc inogens  and r a d i a t i o n  on systems b e i n g  i n v e s t i g a t e d .  

(2) NONE. 

(3) NIH; Grant  App l i ca t ion ;  "Lipid Metabolism and D i f f e r e n t i a t o r s  of Leukenia: ';  
D r .  Myles Cabot; Sen io r  I n v e s t i g a t o r ;  50% e f f o r t ;  $64,500 1st yea r  annual d i r e c t  
c o s t s ;  $376,500 TDC t o t a l  s u p p o r t  p e r i o d ;  The pu rpose  t o  e s t a b l i s h  a l t e r a t i o n s  
i n  c e l l u l a r  l i p i d  composi t ion between u n d i f f e r e n t i a t e d  ce l l s  and cells  t r e a t e d  
w i t h  v a r i o u s  i n d u c e r s  of d i f f e r e n t i a t i o n .  
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PRINCIPAL INVESTICATOR/PROCRAM D l R E t  - A :  

-- RESOURCES AND ENVIRONMENT 

FACILITIES:  Mark the f a c i l i t i e s  to b e  u s e d  and b r i e f l y  i n d i  te their  copoci t ies,  per t inent  capab i l i t ies ,  r e l a t i v e  p rox imi ty  and 
ex ten t  of a v o i l o b i l i t y  to the project. U s e  "other" to d e s c r i b .  f o c i l i t i e s  ot other performoi lco s i t es  l i s t e d  i n  I tem 9, page 1, and a t  

s i tes  for f i e l d  studies. U s i n g  c o n t i n u a t i o n  pages i f  n e c e s  ary, i nc lude o d e s c r i p t i o n  ol the nature of  any co l labora t ion  w i t h  other 

o rgon izo t ions  and prov ide  further i n f o r m a t i o n  in the RESEARCH PLAN.  

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. 

Laboratory:  

0 C l i n i c a l :  

0 Animal:  

We have immediate access to computer ware. I 3  Computer: 

@ O f f i c e :  My office is located adjacent to my laboratory. 

Tissue culture We have two culture facilities, on e'located directly 1: across the hall from my laboratory. The human cell culture 
lab is located upstains (approx. 45 seconds away). 

Other  ( 

MAJOR EQUIPMENT:  L i s t  the most  impor tan t  equipment i tems already available for t h i s  project, n o t i n g  the  locat lan,  ond pert inent 
c o p o b i l i t i e s  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 - I 1 1  spectrometer; Cahn electrobalance; 
protein isolation equipment. 
located in the labs adjacent to. my laboratory. 

All the equipment is in excellent working order and 
Seivice contracts are active. 

ADDITIONAL INFORMATION:  
such O S  consul tants,  secretoriol, mach ine  shop, and e lec t ron ics  shop, and the ex ten t  to which they rill be avoilabla to the project. 

P r o v i d e  any  o ther  informot ion descr ib ing the  environment for the project. I den t i f y  support serv ices  

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. 



PRINCIPAL INVEST1 CATOR/PROCRAM DI REC .: 

D E T A C H  A N D  C L I P  T O  THE S I G N E D  FACE P A G E  O F  THE A P P L I C A T I O N  

P E R f C N A L  DATA ON 

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR 

The Public Health Service has a continuing commitment to monitoring the operation of i t s  review and 
award processes to detect-and deal appropriately with-any instances of  real or apparent inequit ies 
w i th  respect to age, sex, race, or ethnicity of  the proposed principal investigator/program director. 

To provide the PHS with the information i t  needs for th is important task, the principal investigator/ 
program director i s  requested to complete the form below and attach a single copy to the signed face 
poge of the application. 

Upon receipt and assignment o f  the application by the PHS, this form w i l l  be detached from the applica- 
tion. It w i l l  NOT be duplicated and w i l l  NOT be a part o f  the review process. Data w i l l  be confidential, 
and w i l l  be maintained in Pr ivacy A c t  record system 09-25-0036, ”Grants: IMPAC (Grant Contract ln- 
formation).” Al l  anolyses conducted on the data w i l l  report aggregate statistical f indings only and w i l l  
not  identi fy i ndi vi duo I S. 

I f  you decline to provide th is  information, it w i l l  in no  way affect consideration o f  your application. 

Your cooperation w i l l  be appreciated. 

Date of  Birth: 
(Month/Day/Year) 

Sex: Female fl Male 

Race and/or Ethnic Origin: 

Check one: 

American Indian or Alaskan Native 

Asian or Pac i f i c  Islander 

0 Black, no t  o f  Hispanic origin 

0 Hispanic 

White, not  of Hispanic origin 

NOTE: The category that most closely ref lects the individual’s recognition in the communit; should be 
used for purposes of reporting mixed rac ia l  and/or ethnic origins. Definit ions are on the back of 
form. 
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Priviledged Communi--tion 

A .  SPECIFIC  r'LIIiS 

i 2 - p T e  t ra decsncy lphortol-13-a ce t a  t e C TP?. 1 a p p l  i c;! t ions t c :;:ous s s bin 
resklt in t a x  ;Jrocuction of bcth ceni,n and xaLi,nznt tunors if tiie 'ZL, treat- 
Gent is preceded by a sinLle, subcarcinG;eniC aFplication of a n  initistiug 
cgent, such as 7,12-dicethylbenz[a]aztnracene (3aird Grid Boutuell, 1971; 
:Ietker, 1971; Vnii ihureii, 1969). !1owever, it is significant to note t k t  
phorbol esters, Wnen used ia the absence o f  tui.ior initiators induce rather 
than inhibit differentiation in human leukemia cells (Huberman and Callaham, 
1979) and stimulate differentiated functions in human melanoma c e l l s  
(Hubennan et al., 1979). 
in lipid 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. 

Ne have recently initiated studies of  the alterations 

As phospholipids are an integral component of plasma membranes and 
intracellular organelles, their possible role in cellular differentiation warrants 
closer investigation. 
alterations in the levels of alkyldiacylglycerols. 
lipids, and their polar counterparts, l-O-alkyl-2-acylglycerophosphatides, occur 
at characteristically high levels in cancer cells (Snyder and Wood, 1965, 1969). 

Furthermore, we have observed that TPA treatment causes 
Tliis class of ether-linked 

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 
- @alkyl and O-alk-l-enyl glycerophosphatides. 
investigations at the cellular and molecular levels regarding the effect of TPA 
on the enzymes, substrates, and cofactors of phosphatidylcholine metabolism will 
be carried out. 
rates of incorporation of acyl groups versus polar head groups and glycerol and 
glucose via de novo synthesis. 
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:1,2-diacyl- 
glycerol phosphocholinetransferase. 
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. 
3 2 P  and 1 4 C  choline utilization in cells induced to differentiate by treatment 
with dimethyl sulfoxide and retinoic acid. 
location of the induction by TPA leading t o  the lipid alterations by examining 
the assimiliation of labeled precursors in isolated subcellular fractions. 

i3. SJGAXFICANCE 

Once these changes are established, 

These studies will be initiated using cell cultures t o  determine 

The experiments will be designed to determine 

Additional emphasis will be placed on deter- 

This query can in part be answered by comparing 

Finally we wish to define the 

- 
c3. 
,f 

..a 
Q- Serenblur,] (1941 1 aiscovcrec t h t  a s i n E l e  cpplication of  beczpyreuc to 

zo1;se skin follower? by nultiple applic3tions of croton oil had tkc remr!tsble 
co a b i l i t y  t o  elicit tui::or Lroirth. The carciriodenic principles of  croton o i l  are 

the 12,13-diesters o f  tne polyfunctional, tetracyclic aiterpene parent alcohol 
Tkorbol (liecker, 19b6). 12-G-Tetrsdecanoylphcrjol-13-acetate,  the cost 
abunuant Sild cost accive tmor prwoting agent of croton oil, has been used 
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P r i v i l e g e d  Communication 

\:idel:; in t!;e ti.;o-stzde : . ;oLs~ skin carci11o;;enesis syste; . ;  (!;outwell, 137s )  t G  

s t udy  t h e  r::ec;i3iiisrAi of  tui:ior proi;.otion. T h e  use  of  t i s s u e  c u l t u r e  s y s c e r . , ~  iizs 
a ided  g r e a t l y  i n  e l u c i d c t i n ;  t h e  Z i o l o d i c a l  consequences of TYA exposure .  
vork u i t h  C u i t u i e L  !IeLa-cells ;.,as denons t r a t ed  t h e  e f f e c t i v e n e s s  of  TP:, a s  8 

tityn:idine b luckiq ;  a g e n t  , 2 sti!LrulatoT of c l iol ine i n c o r g o r a t i o n ,  and 3n  inLucer 
o f  c e l l  brcwti ;  ( S u s s  e t  a l . ,  1 9 7 2 ) .  Zecent s t u d i e s  have shown t h a t  wl;cn tu;lor 
pro:;ioters a r e  u s e c  s i n g l y  tkey i n h i b i t  spontaneous and induced d i f f e r e n t i a t i o n  
i n  rrrurine eryti:role’uke;,‘ia c e l l s  (Ysc,asdki e t  a l .  , 1977; Fibach e t  sl. , 1979; 
Eovera e t  ;1. ,1977),  iiouse neuroblastorza c e l l s  ( I s h u  e t  a l . ,  13721, 3T3 f i b r o -  
b l a s t s  (2iat:ocd e t  ~ l . ,  1977) ,  and a v i a n  icyoblasts (Coher, e t  a l . ,  1976) .  
Conversely,  s t u G i e s  w i t h  kilnan Lyeloid l ecken ia  c e l l s  (!iubernsn and Czlla’i..ar,t, 
1979; Xovera 2 t  a i . ,  1979)  arid hucan nelanoca c e l l s  (iiuberusn e t  a l . ,  1979) 
have r e v e a l e d  a r a t h e r  d ra i aa t i c  a c t i o n  of phorbol e s t e r s :  one of i n d u c t i o n  
r a t h e r  than i n h i b i t i o n  of c e l l u l a r  d i f f e r e n t i a t i o n .  

Ea r ly  

I n  a d d i t i o n  t o  the p r e v i o u s l y  d i scussed  dichotomy of  e v e n t s  e l i c i t e d  by 
TPA on c e l l u l a r  d i f f e r e n t i a t i o n ,  tumor-promoting phorbol  esters s i g n i f i c a n t l y  
a l ter  l i p i d  metabolism. Rohrschneider and Boutwell  (1973) and Balmain and 
(1574) e x m i n e d  t h e  r e l a t i o n s h i p  between TPk-induced tunor  f o r m t i o n  i n  mouse 
epiderrcis acd phosphol i3 id  netabol is ia  and found t h a t  TPA s t i i . iu la ted t h e  e e r l y  
syn tbes  is of  phosphzt  idy 1 e thanolanine  and phosp ha t idy I c k o l  i n e  . 
lyaphocytes  TPh c a ~ s e s  a n  echanced labelin;;  ~ i t h  [ r~et l iyl-3: i ]c l~ol inc of 
3 hos p ka t i d’j 1 c ki  o 1 i ne , 1 y s o p im s p ha t i d  y 1 c lio 1 i ne , a n d s p Ii i II; o r q  e 1 i n  (!:e r t z and 
I!ueller,  1978).  Likewise,  Heia c e l l s  incubated w i t n  low c c n c e n t r a t i o n s  of T?A 

p b o s p h a t i d y l c t o l i n e  (Kinze l  e t  a l . ,  1979).  The p o s s i b i l i t y  t h a t  TPZ changes 
a n l y  t h e  pe r i ceab i l i t y  of tne plasna uenLrane f o r  t he  r a a i o r c c i v e  p recu r so r  Y Z S  

excluded,  s i n c e  the e f f e c t  of TPA on l i p i d  n e t a b o l i s n  vas a l s o  observed .c;‘nen 
t t e  c e l l s  were p r e i n c u t a t e d  w i t k  l a b e l e d  cno l ine .  I n  at5dition t o  t h e  g e n e r a l  
e f f e c t  of Ti’!.. or, 2hospkolLpia n e t a b o l i s n ,  TPA has  a l s o  been shovn t o  evoke 
o t h e r  l i p i d - a s s o c i a e d  a l t e r a t i o n s  i n  a v a r i e t y  o f  syster:.s: t h e s e  inc lude  
c lod i f i ca t ions  of  li?ic! m i c r o v i s c c s i t y  i n  1ynpi:oblastoid c e l l s  (Castagna e t  al. , 

19771, s t i n u l a t i o n  of s e c r e t i o n  Gf a i s a t u r s t e d  phos;haidylckoline f r o =  a l v e o l a r  
t ype  11 c e l l s  (Dobbs ar?d l-:zsori, 19731, enb..znce:.lent of phosphol ipase a c t i v i t y  
a n l  p rc s t ag ln i id in  p r o c u c t i o n  (Levine and % a s s i d ,  1977; Levine azd Ohuc:;i, 
1378) ,  and a l t e r a t i o n s  i n  t z n g l i o s i d e  ne t abo l i s r ;  i n  h u m n  ne1anoz.a c e l l s  
(Hubennan e t  a l . ,  1979). W e  have r e c e n t l y  shown (Cabot e t  al . ,  1980) tha t  
TPA-induced d i f f e r e n t i a t i o n  of  human myeloid leukemia ce l l s  (HL-60) i s  
accompanied by a s t i m u l a t i o n  of phospholipid metabolism (be fo re  t h e  markers 
of d i f f e r e n t i a t i o n  are e x p r e s s e d ) ,  enhanced i n c o r p o r a t i o n  of acetate i n t o  f r e e  
f a t t y  a c i d s  and n e u t r a l  l i p i d s ,  an  increase i n  t h e  amount of c e l l u l a r  tri- 
a c y l g l y c e r o l s ,  and a selective inco rpora t ion  of f a t t y  a l c o h o l  i n t o  t r i a c y l -  
g l y c e r o l s  and t h e i r  e ther -conta in ing  analog, a l k y l d i a c y l g l y c e r o l s .  

I n  bovine 

t o  1.1) siloc; E r a p i c  i n c r e a s e  of c h o l i n e  i n c o r p o r a t i o n  i n t o  c e l l u l a r  

._ . ~ 19791, i n h i b i t i o n  of a d i p o s e  conversion i n  3T3 f i b r o b l a s t s  (Eianond e t  a l . ,  

\.Jhereas, a nunber of i n v e s t i g a t o r s  have shown t h a t  TPA supp lenen ta t  i on  
t o  c e l l  c u l t u r e s  causes  myriad a l t e r a t i o n s  i i 7  l i p i d  metabolism, t h e  C ivc r sc  
e f f e c t s  of pkorbol  e s t e r s  on c e l l u l a r  d i f f e r e n t i a t i o n  provides  a n o r p n o l o g i s l  
m r k e r  f o r  c o r r c l a t i n L  w i t h  TPb-induced mod i f i ca t ions  of l i g i d  metabolism. I n  
t k i s  r e z z r d ,  a c e l l  s y s t e o  i n  wiiich markers f o r  d i f f e r e n t i a t i o n  c2n lie followed 
w o u ~ d  p rov ide  2 unique model f o r  s tudy in; l i p i d - r e l a t e d  b iochen ica l  even t s  
du r ing  t h e  d i f  f e r e c t  i a t  ioii  Trocess.  Huiimn r y e l o i d  leukewia c e l l s  (XL-60) a r e  
e x t r e n e l y  u s e f u l  f o r  such  s tuc i ies ,  s i n c e  a larGe popu la t ion  of ttle c e l l s  (ctore 
t h z n  9C%) can be izciuced t o  c i f f e r e c t i z t e  by phorboi d i e s t e r s  ( l i u b e r ~ a n  and 
Callaham, 1979).  TPA-Induced d i f f e r e n t i a t i o n  i n  t h e s e  c e l l s  has been 
c l i a r ac t e r i zed  Sy o o r ~ h o l o g i c t l  chanses,  decreased c e l l  d i v i s i o n ,  an  i n c r e a s e  i n  
t h e  pc rcen ta se  of pkagocyt iz in ,  c e l l s ,  a t t a c h c e n t  o f  t h e  c e l l s  t o  t h e  

- 

a- 
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Privileged Communication 

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. 
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 lpM, 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 
conunon target sites for the induction of differentiation by these compounds. 

DMSO induces erythroid differentiation in mouse erythro- 

Lipids are inportant conpor.en:s of cellular menlranes aid cenbraces are 
iriportant tarbets for pnorbol esters ('Jenner et a l . ,  1374;  Lee 2nd Veinstein, 
1373; Sivak et a l . ,  1 9 7 2 ) .  Uilder conditions of in vitro ex?osure, TFA has teen 
snown to eff zctively increase the specific activiiies of tke p l a s m  nerhrane 
enzymes Na -K -ATPase and 5'-nucleotidase; the microsomal enzymes, NADH diaphorase 
and glucose-6-phosphatase, were not affected (Sivak e t  al., 1972) .  However, no 
information is available that defines the effects of in vitro TPA exposure on 
enzymes of phosphatidylcholine biosynthesis. 

t t  

As has been shown by numerous investigators, phosphatidylcholine is the 
crucial lipid affected by TPA. 
gross effects of TPA on lipid metabolism. 
at the molecular level regarding the effect of TPA and induced cellular differ- 
entiation on the enzymes and cofactors responsible for phosphatidylcholine 
synthesis. 
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 DIG0 enhances the incor- 
poration of [3H] choline into HeLa cells. 
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 ale, 1978). 

The majority of these studies have dealt with the 
Essentially no information is available 

Additionally, a shortcoming of previous studies has been the failure 

DMSO was not as effective as TPA, 

Phosphatidylcholine, a structural component of animal cells, has been 

Phospholipid metabolism has also been linked to events leading to the stimu- 

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 

0 implicated in the modulation of certain enzyme activities (Finean, 1973). 
J 

~2 lation of growth (Aizawa and Mueller, 1961; Cunningham, 1972; Fex, 1970; 

cf. 
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RNA and protein synthesis. 
indicate that TPA activation of phospholipid metabolism does not require a 

Additionally, these investigators have evizence to 

I ..I L a /  I 

CABOT, Myles C. 

model system wherein modifications of p'-ospholipid metabolism can be correlated 
with the appearance of differentiation markers. 
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 experimental system described 

The major pathway for phosphatidylcholine biosynthesis was elucidated by 
A second mode of synthesis involving the methyl- Kennedy and coworkers (1962). 

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 1 
involved in phosphatidylcholine biosynthesis, it now appears that the regulated ; 
step is catalyzed by the soluble enzyme, CTP-phosphocholine cytidylyltransferase I 
(Sundler et al. , 1972; Vance and Paddon, 1978; Vance et al. , 1980). The first 1 
step in phosphatidylcholine biosynthesis, the conversion of choline to phospho- 
choline, is catalyzed by choline kinase; the last step in ?hosphatidylcholine 
biosynthesis is under the control of CDP-choline::l,Z-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 lipid 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). 

base exchange reaction (Van Golde and Van den Betgh, 1977). Of the enzymes I 

t 
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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, 
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. 

3 2  p and [“C] choline, by control and 

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 I). 
As the data and description of these experiments are outlined 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 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’”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 p and choline into phosphatidylcholine has been shown to 
occur in TPA-differentiated cells, acylgroup metabolism in phospholipids is 
affected to a much lesser degree. 
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 
[l-’4C]stearic acid to [1-14C] oleic 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. 

32 

Thus the turnover of the polar portion of 

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. 
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. 

When [l-14C]pal- 
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Qualitative analyses of the lipids in the control and TPA-treated cells showed 
the latter to contain a &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-dif f erent iated cells, labeled with [ 1-’ 4C] stearic 
acid, contains more radioactivity than the ethanolamine-containing phospho- 
glycerides (Approx. 2times). 
coupled with our previous findings on polar head group utilization has yielded 
significant information to form a natural backdrop for continued studies. 
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 rnacrophage-like and granulocytic, even though they possess high acid 
phosphatase levels (Vorbrodt et al., 1979), an enzymatic marker for macrophages. 
The acyl group composition OfOhosFlDlipids and triacylglycerols from cells 
grown with serum and in a serum-free medium is shown in Table I (Appendix 11). 
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:O + 16:l + 18:l 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 modulations in differentiation. 

Our preliminary data on fatty acid metabolism 

We 

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. A s  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, 
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a l k y l d i a c y l g l y c e r o ~ s ,  and c h o l e s t e r o l .  These experiments  w i l l  i n  t u r n  be c a r r i e d  
o u t  w i t h  ce l l s  grown i n  serum-free media. Add i t iona l ,  cancer  c e l l s  have been 
shown t o  c o n t a i n  e l e v a t e d  amounts of e the r - l i nked  l i p i d s .  I n  t h i s  r e spec t  no 
i n f o r m a t i o n  is  a v a i l a b l e  r ega rd ing  t h e  e f f e c t s  of TPA on t h e  a l k y l  and alk-1-enyl 
composi t ion i n  d i f f e r e n t i a t i n g  cel ls .  Here, w e  w i l l  l i m i t  our  ana lyses  t o  t h e  
phospho l ip ids  f o r  two r easons :  1) membranes appear t o  be t h e  major s i t e  of TPA 
a c t i o n ;  2) any d i s t u r b a n c e  i n  phospho l ip id  metabolism would appear t o  a f f e c t  
t h e  e t h e r  l i p i d  pathway. 
ana lyzed  i n  i s o l a t e d  p lasma membrane and n u c l e a r  f r a c t i o n s .  
p r o t o c o l  f o r  l i p i d  composi t ional  a n a l y s e s  du r ing  induced d i f f e r e n t i a t i o n  w i l l  
i n v o l v e  growing t h e  c e l l s  i n  media c o n t a i n i n g  TPA ( 8 x lo-’’ - 1.6 x 10-’M) 
f o r  p e r i o d s  up t o  3 days. 
w i l l  b e  analyzed by th in - l aye r  chromatography and q u a n t i t a t e d  by photodensitometry.  

Ether  phosphoglyceride l e v e l s  w i l l  a l s o  be e x t e n s i v e l y  
The gene ra l  

The e x t r a c t e d  l i p i d s  ( c o n t r o l  and t r e a t e d  c e l l s )  

2. S t u d i e s  of phospha t idy lcho l ine  metabolism us ing  r a d i o l a b e l e d  p recu r so r s  

TPA has  been shown t o  s i g n i f i c a n t l y  s t i m u l a t e  t h e  incorporatwon of 3 2 P  
and [ ’  4C]chol ine i n t o  phospha t idy lcho l ine .  
i n v e s t i g a t e  the  e f f e c t s  of TPA on a )  t h e  coupl ing o f - c h o l i n e  t r a n s p o r t  and 
phosphory la t ion ,  b )  phospha t idy lcho l ine  a c y l  group metabolism, and c )  d e  novo 
s y n t h e s i s  of phospha t idy lcho l ine  from l a b e l e d  g l y c e r o l  and g l y c e r o l  precursor .  
R e s u l t s  from t h e s e  s t u d i e s  w i l l  p rov ide  p re l imina ry  in fo rma t ion  on which p a r t s  
of t h e  molecule  are e f f e c t e d  by TPA and g i v e  s u p p o r t i v e  in fo rma t ion  f o r  f u r t h e r  
s t u d i e s  i n v o l v i n g  the  molecular  mechanism by which TPA s t i m u l a t e s  phosphatidyl- 
c h o l i n e  tu rnove r .  

W e  w i l l  extend t h e s e  s t u d i e s  t o  

Radiolabeled p a l m i t i c ,  s ter ic ,  o l e i c ,  and a r a c h i d o n i c  ac id  w i l l  be e i t h e r  
added t o  t h e  growth medium ( p l u s  serum, serum-free) i n  20 p 1  of a b s o l u t e  e thano l  
o r  s o n i c a t e d  i n  a small amount of medium and added t o  c u l t u r e s .  In most i n s t a n c e s  
l a b e l e d  p r e c u r s o r s  w i l l  b e  e n t e r e d  48 h r  a f t e r  TPA a d d i t i o n .  Water so lub le  
compounds, such as g l y c e r o l ,  g lucose ,  and cho l ine ,  w i l l  b e  added as s o l u t i o n s  
made i n  c u l t u r e  medium. Incuba t ion  t i m e  i n  t h e  presence of l a b e l  w i l l  be va r i ed  
a c c o r d i n g  t o  t h e  f a c t o r s  being s t u d i e d .  A f t e r  t h e  a p p r o p r i a t e  l a b e l i n g  pe r iod ,  
cells w i l l  be  e x t e n s i v e l y  washed i n  co ld  s a l i n e ,  i s o l a t e d  by b r i e f  c e n t r i f u g a t i o n ,  
and t h e  l i p i d s  e x t r a c t e d  and analyzed as d e t a i l e d .  
microsomal,  and n u c l e a r  f r a c t i o n s  w i l l  a d d i t i o n a l l y  be examined. 

P u r i f i e d  plasma membrane, 

I n v e s t i g a t i o n s  w i l l  b e  c a r r i e d  out  u t i l i z i n g  c o n t r o l  and TPA-exposed 
HL-60 cells t o  determine i f  t h e r e  ex is t  d i f f e r e n c e s  between t h e  ra te  of uptake 
of [Me-jHIcholine i n  c o n t r o l  ( n e o p l a s t i c )  and d i f f e r e n t i a t i n g  ce l l  sys tems.  
i n t t i a l  experiments  w i th  32P and [1,2-’4C]choline sugges t  t h a t  TPA modifying 
p e r m e a b i l i t y  i s  n o t  a f a c t o r  c o n t r i b u t i n g  t o  t h e  r a p i d  s t i m u l a t i o n  of phosphatidyl- 
c h o l i n e  l a b e l i n g .  However, d e t a i l e d  i n v e s t i g a t i o n s  w i l l  b e  c a r r i e d  out varying 
t i m e  of exposure t o  TPA and t h e  c o n c e n t r a t i o n  of TPA i n  t h e  incuba t ion  medium t o  
more thoroughly assess t h e  e f f e c t s  of TPA on t r a n s p o r t  and metabol ic  f a t e  of t h e  
l a b e l e d  p r e c u r s o r .  Because i t  i s  important  t o  d e f i n e  whether t h e  s t imu la t ed  
p h o s p h a t i d y l c h o l i n e  tu rnove r  observed d u r i n  TPA i n d u c t i o n  i s  l inked t o  
d i f f e r e n t i a t i o n ,  w e  w i l l  c a r e f u l l y  examine “P and [14C]cho l ine  uptake and u t i l i -  
z a t i o n  i n  cel ls  induced w i t h  d ime thy l su l fox ide  and r e t i n o i c  a c i d .  Transport  of 
l a b e l e d  c h o l i n e  w i l l  be measured by t h e  d i sappea rance  of r a d i o a c t i v i t y  from t h e  
c e l l  media. The rate of d i sappea rance  of r a d i o a c t i v i t y  from t h e  c e l l  medium 
(up take )  w i l l  b e  f u r t h e r  checked by washing t h e  c e l l s  e x t e n s i v e l y  and s o n i c a t i n g  
t h e  p e l l e t  i n  water f o r  d i r e c t  r a d i o a c t i v e  a n a l y s i s .  A f r a c t i o n  of t h e  ce l l  
s o n i c a t e  w i l l  be  e x t r a c t e d  f o r  l i p i d  a n a l y s i s  and t h e  t o t a l  l i p i d  e x t r a c t s  
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analyzed by thin-layer chromatography. 
pulse-chase experiments will be undertaken to determine the half-life and 
metabolic fate of labeled choline products (choline, phosphocholine, CDP-choline, 
phosphatidylcholine). 
labeled with [me-3H]choline for 1 hr, after which time the cells will be washed 
in fresh medium and replated. 
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). 

In conjunction with these studies, 

Briefly, control and TPA-exposed cells will be pulse- 

At various time intervals following the pulse, 

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 f o r  the synthesis of phosphatidylcholine. Double- 
label experiments will be conducted by incubating cells with [ 2, 3H] glycerol and 
[2-'4C]glycerol; differences in the ratios of 3H to "C will be indicative of a 
shift from either the glycerol phosphate pathway or the dihydroxyacetone-P 
pathway of phosphatidylcholine synthesis. 
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. 
also be examined. 
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 treatment-to yield a mixture of hydrocarbons and 
glycerol. 
differential solvent extraction. 

An isotope effect has been shown to 

The net synthesis of phosphatidylcholine from labeled glucose will 
The confinement of label to the glycerol backbone will be 

The radioactivity in these products can then be quantitated by 

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

Optimal assay conditions for choline kinase (ATP:choline phosphotransferase, 
EC 2.7.1.321, phosphocholine cytidylyltransferase (CTP:choline phosphate cytidylyl- 
transferase, EC 2.7.7.15), and choline phosphotransferase (CDP-choline:l,2-diacyl- 
glycerol phosphocholinetransferase, EC 2.7.8.2) will be established using cell 
homogenates and subcellular fractions from control HL-60 cells. 
conditions are established, the activities of the enzymes will be compared in 
control and TPA-exposed cells. 

Once these 

a. 
homogenizer in media containing 0.25 M sucrose, 1.0 mM EDTA, and 2.0 mM dithio- 
threitol. 
will serve as the enzyme source. 
Weinhold and Rethy (1974). 

Choline kinase. 

The homogenate is centrifuged at 100,OOOg for 60 min and the supernatant 

HL-60 cells will be homogenized with a Potter-Elvehjem 

Choline kinase will be assayed as described by 
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b.  Phosphocholine c y t i d p l y l t r a n s f e r a s e .  The microsomal and s o l u b l e  
f r a c t i o n s  w i l l  be  i s o l a t e d  from HL-60 c e l l s  and used a s  enzyme source .  Phospho- 
c h o l i n e  c y t i d y l y l t r a n s f e r a s e  w i l l  b e  assayed by t h e  method of  Ansell and Chojnacki 
(1969) as modified by Weinhold e t  a l . ,  (1973). 

c. Cholinephosphotransferase. The cholinephosphotransferase w i l l  b e  
a s sayed  by i n c o r p o r a t i o n  of phosphoryl- Be -' C] cho l ine  i n t o  phospha t idy lcho l ine  
from CDP- pie -' C ]  cho l ine .  
modif ied by Vance and Burke (1974) w i l l  be  used i n  t h e  a s say  of t h i s  enzyme. 
me microsomal f r a c t i o n  w i l l  s e r v e  as  t h e  source of enzyme. The p roduc t ,  
p h o s p h a t i d y l c h o l i n e ,  can b e  i s o l a t e d  from t h e  r e a c t i o n  mixture  by s o l v e n t  
e x t r a c t i o n  (Vance and Burke, 1974);  however, t h in - l aye r  chromatography ( S i l i c a  
G e l  HR) w i l l  be used t o  confirm p roduc t  i d e n t i f i c a t i o n .  1 , 2 - D i a c y l - ~ - g l y c e r o l ,  
a s u b s t r a t e  i n  t h e  r e a c t i o n ,  w i l l  e i t h e r  be obtained commercially o r  prepared by 
phospho l ipase  C t r ea tmen t  (Renkonen, 1966) of cho l ine  phosphoglycer ides  i s o l a t e d  
from egg  o r  from r a t  l i v e r .  The i s o m e r i c  p u r i t y  w i l l  be v e r i f i e d  by t h i n - l a y e r  
chromatography as  d e s c r i b e d  by Cabot and Gat t  (1978). 

The p rocedure  descr ibed by !.leiss e t  a l .  (1958) and 

4. Measurement of i n t r a c e l l u l a r  c o f a c t o r s  of phospha t idy lcho l ine  b i o s y n t h e s i s  

As TPA may i n f l u e n c e  t h e  levels  of r equ i r ed  c o f a c t o r s  of t h e  phosphatidyl- 
c h o l i n e  b i o s y n t h e t i c  pathway, i t  i s  impor t an t  t o  regard t h i s  e f f e c t  as p l a y i n g  a 
p o s s i b l e  r o l e  i n  t h e  TPA s t i m u l a t i o n  of phosphat idylchol ine metabolism. I f  TPA 
c a u s e s  a d e c r e a s e  i n  t h e  endogenous amount of one of t h e  cho l ine -con ta in ing  
p r e c u r s o r s ,  t h i s  would then  r e s u l t  i n  i nc reased  r a d i o s p e c i f i c  a c t i v i t y  and cause 
s t i m u l a t e d  i n c o r p o r a t i o n  of l a b e l e d  c h o l i n e  i n t o  phosphat idylchol ine.  
ment of CTP, phosphocholine,  CDP-choline, cho l ine ,  and d i a c y l g l y c e r o l  w i l l  b e  
de t e rmined  (Vance e t  a l . ,  1980) i n  c o n t r o l  and TPA-exposed c e l l s .  

The measure- 

5. S p e c i f i c s  of procedure 

a) C e l l  c u l t u r e ,  d i f f e r e n t i a t i o n ,  and s u b c e l l u l a r  f r a c t i o n a t i o n  

The human promyelocyt ic  HL-60 leukemia cel ls  w i l l  b e  grown i n  b a c t e r i a l  
p l a s t i c  p e t r i  d i s h e s  (No. 1007, Falcon) i n  RF'PlI-1640 medium p l u s  20% f e t a l  c a l f  

, serum supplemented wi th  p e n n i c i l l i n  (100 un i t s /ml )  and s t reptomycin (100 pg/ml). 
C e l l  numbers w i l l  be  determined from c e l l  counts a f t e r  excluding ce l l s  s t r a i n e d  
w i t h  t r y p a n  blue.  Cells w i l l  be  t r e a t e d  wi th  TPA 24 h r  a f t e r  s u b c u l t u r e .  The 
c o n c e n t r a t i o n  of TPA i n  t h e  c u l t u r e  medium w i l l  be 8 x 10"oM. T h i s  concentra- 
t i o n  i n  o u r  hands h a s  been s u f f i c i e n t  t o  induce d i f f e r e n t i a t i o n ,  however experi-  
ments  w i l l  be conducted u s i n g  a r ange  of concen t r a t ions ,  lo-' - 1.6 x lo-', t h e  
h i g h e s t  b e i n g  t h e  amount employed by most i n v e s t i g a t o r s .  E x p l i c i t  d e t a i l s  of c e l l  
c u l t u r e  procedure,  TPA supplementat ion and eva lua t ion  of c e l l  d i f f e r e n t i a t i o n  have 
been c i t e d  elsewhere (Huberman and Callaham, 1979; Cabot e t  a l . ,  1980). TPA w i l l  
b e  added t o  c u l t u r e  media i n  DMSO so t h a t  i ts  f i n a l  concen t r a t ion  does n o t  exceed 
0.01%. 
Terminal d i f f e r e n t i a t i o n  induced by o t h e r  agents  (Co l l in s  e t  a l . ,  1978) w i l l  be  
c a r r i e d  o u t  by incuba t ing  cel ls  f o r  6 days i n  1.25% DMSO, i n  a l i k e  manner f o r  
cells grown i n  serum-free media (Breitman et a l . ,  1980), o r  i n  media con ta in ing  
r e t i n o i c  a c i d  (1 x 10'6M) as d e s c r i b e d  by Breitman e t  a l . ,  (1980b). 
W e  have shown i n  ou r  p rev ious  s tudy  t h a t  t h e  s t imu la t ion  of phospha t idy lcho l ine  
metabol i sm preceeds t h e  i n d u c t i o n  of d i f f e r e n t i a t i o n  markers (Cabot e t  a l . ,  1980). 
In  view of t h i s ,  i t  is  important  t o  stress t h a t  when s e t t i n g  up t h e  i n d i v i d u a l  

T h i s  amount of DMSO h a s  no e f f e c t  on c e l l  growth o r  d i f f e r e n t i a t i o n .  
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experiments ,  c a r e f u l  cons ide ra t ion  must be given t o  parameters such a s  t i m e  of 
exposure,  c e l l  number, inducer  c o n c e n t r a t i o n ,  and degree of c e l l u l a r  d i f f e r e n -  
t i a t i o n .  The re fo re ,  t h e s e  v a r i a b l e s  w i l l  be i n v e s t i g a t e d  exhaus t ive ly  f o r  t h e  
purpose of comparing and c o n t r a s t i n g  t h e  degree of d i f f e r e n t i a t i o n  with t h e  
m o d i f i c a t i o n s  observed i n  phosphat idylchol ine metabolism, C e l l u l a r  d i f f e r e n -  
t i a t i o n  (morphological)  w i l l  b e  a s ses sed  p e r i o d i c a l l y  by performing d i f f e r e n -  
t i a l  coun t s  on Wright-stained c e l l  p r e p a r a t i o n s  and based on t h e  percentage of 
myelocytes ,  metamyelocytes and banded and segmented n e u t r o p h i l s .  The c o n t r o l  
popu la t ion  c o n s i s t s  p r i m a r i l y  of promyelocytes ( 9 0 % ) .  Other c r i t e r i a  i nc lude  
ce l l  a t tachment  and c e a s a t i o n  of growth. Macrophage popu la t ions  w i l l  a l s o  be 
a s ses sed .  Biochemical markers f o r  d i f f e r e n t i a t i o n  i n c l u d e  NBT dye r educ t ion  
(Segel ,  1974; C o l l i n s  e t  a l . ,  1980), phagocytosis  of Candida a l b i c a n s  
( C o l l i n s  e t  al . ,  19781, lysozyme release (Biggar,  1978) ,  and s p e c i f i c a l l y  
i n  t h e  case of  TPA, a c i d  phosphatase a c t i v i t y  f o r  t h e  monocytic macrophage 
d i f f e r e n t i a t i o n  produced (Vorbrodt e t  a l . ,  1979). 

Plasma membranes w i l l  be  i s o l a t e d  fol lowing a publ ished p r o t o c o l  
Nuc le i  w i l l  be i s o l a t e d  s p e c i f i c  for HL-60 cells ( Ip  and Cooper, 1980). 

according t o  a procedure desc r ibed  f o r  guinea p i g  polymorphonuclear leukocytes  
(Dep ie r r e  and Karnovsky, 1973). 
c e l l s  i n  a medium t h a t  is  s l i g h t l y  hypotonic  followed by immediate r e s t o r a t i o n  
of i s o t o n i c i t y .  
maintained. 
a s s a y  of c lass ical  marker enzymes. 
of D e  P i e r r e  and Karnovsky (1973) and Michell  e t  a l . ,  (1970) which provide invalu- 
a b l e  techniques f o r  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of s u b c e l l u l a r  f r a c t i o n s .  

This  procedure employs t h e  homogenization of 

By t h i s  method t h e  i n t e g r i t y  of s u b c e l l u l a r  o r g a n e l l e s  i s  
The p u r i t y  of t h e  s u b c e l l u l a r  f r a c t i o n s  w i l l  be  e s t a b l i s h e d  by 

We w i l l  a d d i t i o n a l l y  u t i l i z e  t h e  methods 

b )  L i p i d  i s o l a t i o n  and ana lyses  

L i p i d s  w i l l  be  e x t r a c t e d  from c o n t r o l  and TPA exposed c e l l s  by a modif ied 
method of Bl igh and Dyer (1959) i n  which t h e  methanol c o n t a i n s  2% g l a c i a l  acet ic  
a c i d .  Both n e u t r a l  and p o l a r  l i p i d  classes can be r e s o l v e d  by th in - l aye r  
chromatography i n  a var ie ty  of s o l v e n t  systems (Cabot and Snyder, 1980, see 
Appendix I). 
phospho l ip ids  r e so lved  by th in - l aye r  chromatography on S i l i c a  Gel HR. 
comparison of Rf v a l u e s  w i t h  a u t h e n t i c  s t anda rds  w i l l  b e  used f o r  t h e  i d e n t i -  
f i c a t i o n  of i n d i v i d u a l  l i p i d  c l a s s e s .  The more r e f i n e d  s e p a r a t i o n s  i n c l u d e  
t r i a c y l g l y c e r o l s  and a l k y l d i a c y l g l y c e r o l s ,  hexane ld ie thy1  e t h e r / a c e t i c  a c i d  
(80:ZO:l); c h o l e s t e r o l  esters-wax esters-alkyldiacylglycerols, benzene (100%); 
and alkylglycerol-alk-l-enyl g l y c e r o l s ,  d i e t h y l  e t h e r l a c e t i c  ac id /wa te r  
(100:0.5:0.5). 
accomplished by H z S 0 4  c h a r r i n g  of t h e  chromatoplates  a t  200°C followed by 
photodensi tometry acco rd ing  t o  P r i v e t t  e t  a l .  (1965). When r a d i o l a b e l e d  l i p i d  
p r e c u r s o r s  are u t i l i z e d  i n  cel l  c u l t u r e  systems, t h e i r  d i s t r i b u t i o n  i n  t h e  
l i p i d  e x t r a c t  w i l l  b e  determined by zonal  p r o f i l e  scanning of t h e  chromatogram 
(Snyder and Kimble, 1965).  The a l k y l  group c o n t e n t  of e the r -con ta in ing  
phospho l ip ids  w i l l  be  a s ses sed  by V i t r i d e  r e d u c t i o n  t o  c l eave  l a b i l e  esters 
fol lowed by r e s o l u t i o n  of t h e  p roduc t s ,  a l k y l g l y c e r o l s  and a lk - l - eny lg lyce ro l s ,  
on t h i n - l a y e r  p l a t e s  i n  a s o l v e n t  s y s  t e m  con ta in ing  d i e t h y l  e t h e r / a c e t i c  a c i d /  
water (100:0.5:0.5). 

N e u t r a l  l i p i d s  w i l l  b e  sepa ra t ed  on l a y e r s  on S i l i c a  G e l  G and 
A 

Q u a n t i t a t i v e  a n a l y s i s  of t h e  th in - l aye r - r e so lved  l i p i d s  i s  

- An a l t e r n a t i v e  s y s t e m  f o r  plasmalogen i d e n t i f i c a t i o n  w i l l  be employed t o  
d i f f e r e n t i a t e  between c h o l i n e  and ethanolamine plasmalogens (Blank e t  a l . ,  1973).  
For phosphol ipid phosphorus de t e rmina t ions ,  t h e  l i p i d s  w i l l  be separated on 
t h i n - l a y e r  Plates ( S i l i c a  G e l  HR) i n  a s y s t e m  c o n t a i n i n g  chloroform/methanol/ 
a c e t i c  ac id /wa te r  (50:25:8:4, v/v)  and v i s u a l i z e d  by H z S 0 4  cha r r ing .  
are t h e n  scraped i n t o  test tubes f o r  d i r e c t  a n a l y s i s  of phosphorus (Rouser e t  a i . ,  
1966). 

-0 
a- 
u7 The s p o t s  
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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 ( 5 0 : 2 5 : 8 : 4 ) .  Methyl esters will be prepared by refluxing the 
phosphatidylcholine in methanol containing 2% H2S04 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). Additionally differences in 
the positional specificity of the fatty acids will be determined by gas-liquid 
chromatography after treatment of phosphatidylcholine with phospholipase A2 
(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 scientlsts outside our group: 
cell biologists and toxicologists (Dr. Eliezer Hubeman's group, Argollne 
National Laboratory), organic chemists (Dr. Claude Piantadosi's group at the 
University of !<ortt Carolina, Chspel H i l l ) ,  znc  L,ZSS spectrosccpists at c:;?e ~ a k  
T.idg,e i :at ior,al  La-boratory (Cr. IJilliai.4 2 a i r i e y ) .  These scient i s c s  cculd be 
; ; c ipfu l  in solvin,  s o , x  of t h e  sFecialised problem tr,at iaisht arise (cciL 
differentiation characterization, synthesis, and identification of compounds). 
lJithin our Division we have an excellent cytogenetics department headed by 
Dr. Gayle Littlefield. 
cytologic aspects of morphological assessment of differentiation. 

She and her co-workers have agreed to aid in the 

Consultant : 

Dr. Fred Snyder of our Division has agreed to serve as a consultant in this 
research project. A copy of his curriculum viate follows (Appendix 111). 

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 - 

Q phosphatidylcholine. 

a Second year: Studies will begin utilizing alternate induction agents (DMSO, 
rn retinoic acid) and morphological and biochemical markers for differentiation 
u1 assessed. Phosphatidylcholine metabolism ( 32P, [ I4C] choline) will be investi- 
tm gated in control and induced cells. 

2 

The optimal conditions for assaying choline 
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k i n a s e ,  phosphocholine c y c i d y l y l t r a n s f e r a s e  and cholinephosphotransferase will 
be e s t a b l i s h e d  and experiments  i n i t i a t e d  t o  determine t h e  e f f e c t s  of TPA-induced 
d i f f e r e n t i a t i o n  on t h e  a c t i v i t y  of t h e s e  a n a b o l i c  enzymes. 

Third Year: S t u d i e s  on t h e  a c t i v i t i e s  of t h e  phospha t idy lcho l ine  b i o s y n t h e t i c  
enzymes w i l l  con t inue ,  Simultaneously,  experiments  w i l l  be conaucted t o  measure 
t h e  e f f e c t s  TPA e x e r t s  on t h e  c e l l u l a r  c o f a c t o r s  and s u b s t r a t e s  r equ i r ed  f o r  
phospha t idy lcho l ine  s y n t h e s i s .  Throughout t h e  3-year pe r iod  w e  w i l l  be examining 
plasma membrane, n u c l e a r ,  and microsomal cell f r a c t i o n s  i n  con junc t ion  wi th  our 
o t h e r  experiments s o  t h a t  i n d u c t i v e  l o c a l s  ( t a r g e t  s i t e s )  can be c o n t i n u a l l y  
asses sed. 

Page 18 
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E. FACILITIES A V A I M L E  

Our l a b o r a t o r i e s  are w e l l  equipped t o  conduct t h e  experiments o u t l i n e d  
i n  t h i s  proposa l .  We have r e c e n t l y  added a new t i s s u e  c u l t u r e  f a c i l i t y  con- 
t a i n i n g  bo th  fo rced  d r a f t  and water - jacke ted  incuba to r s  equipped wi th  au tomat ic  
con c o n t r o l ,  l aminar  f low hoods,  a se l f - con ta ined  biohazard hood, and l i q u i d  
n i t r o g e n  r e f r i g e r a t o r .  
s p e c i a l l y  designed f o r  human c e l l  c u l t u r e .  
complete  l i n e  of t h in - l aye r  chromatographic  equipment, inc luding  a th in - l aye r  
z o n a l  s c r a p e r ,  a s p a r k  chamber f o r  chromatographic  d e t e c t i o n  of 'H and I 4 C ,  and 
a photodens i tometer  des igned  f o r  q u a n t i t a t i v e  a n a l y s i s ,  
f o l l o w i n g  equipment: p r e p a r a t i v e  and a n a l y t i c a l  c e n t r i f u g e s  w i t h  convent iona l  
r o t o r s ,  an a n a l y t i c a l  Model E u l t r a c e n t r i f u g e ,  l i q u i d  s c i n t i l l a t i o n  spec t ro -  
meters, gas - l iqu id  chromatographs w i t h  a v a r i e t y  of column packings,  an  auto-  
matic f r e e z e  d r y e r ,  Beckman DU and Acta C - I 1 1  spec t rometer ,  equipment f o r  
i s o l a t i n g  p r o t e i n s  ( e l e c t r o p h o r e s i s  a p p a r a t u s ,  f r a c t i o n  c o l l e c t o r s ,  columns),  
a Cahn e l e c t r o b a l a n c e  (Model 2 5 ) ,  and h i g h  p r e s s u r e  l i q u i d  chromatographs. We 
a l s o  have  access  t o  e l e c t r o n  microscopy. 

W e  have a l s o  r e c e n t l y  e s t a b l i s h e d  a l abora to ry  
For  l i p i d  ana lyses  w e  have a 

We a l s o  have t h e  

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS' 

T h i s  r e s e a r c h  g r a n t  a p p l i c a t i o n  i n c l u d e s  a segnent  of a c t i v i t y  t h a t  wocld be  
per formed in f a c i l i t i e s  of  t h e  U .  S. Department of Energy and governed by an 
e x i s t i n g  c o n t r a c t  between Oak Ridge Assoc ia t ed  U n i v e r s i t i e s  (0Rk.U) and t h e  DOE. 
The GOE has reviewed t h i s  p roposa l  and has  concurred i n  OF-4U conduct ing t h e  
d e s c r i b e d  work i n  t h e  DOE f a c i l i t i e s  made a v a i l a b l e  f o r  biomedical  r e s e a r c h ,  
s u b j e c t  t o  payment t o  t h e  DOE by 0W.U from HIH funds of t h e  a p p l i c a b l e  d i r e c t  
and i n d i r e c t  c o s t  of t h e  work ( n o t  i n c l u d i n g  any charge f o r  t h e  u s e  of COE 
f a c i l i t i e s )  as determined by t h e  p r o v i s i o n s  of t he  DOE'S c o n t r a c t  w i t h  O U U .  

It i s  b e l i v c d  t h a t  i n  l a r g e  n e a s u r e  t h e  requi rements  of  t h e  DOE c o n t r a c t  
p a r a l l e l  cond i t ions  t h a t  K I H  o r d i n a r i l y  a p p l i e s  t o  i t s  g r a n t s .  I n  t h e  even t  o f  
d i f f e r e n c e s  between N I H  g r a n t  terms and t h e  DOE c o n t r a c t  terns,  ORAU i s  agree-  
a b l e  t o  meet ing bo th  t o  t h e  e x t e n t  t h a t  they a re  not i n  c o n f l i c t ,  and t o  
a p p l y i n g  those  most f a v o r a b l e  t o  t h e  Uni ted  S t a t e s  Goverment where t h i s  is 
i nvo lved .  If WIH i s  aware of p r o b l e m  t h a t  such  an approEch xrould produce o r  
s u g g e s t ,  O U U  upon r e c e i p t  of such  a d v i c e  would r e f e r  t h e  c a t t e r  t o  t h e  COE f o r  
d i r e c t  r e s o l u t i o n  w i t h  NIH. 

By way of g e n e r a l  i n f o r n a t i o n ,  OPAU's c o n t r a c t  w i t h  t h e  DOE i s  a cos t - type  
c o n t r a c t  f inznced under a Government-fund account .  The s p e c i f i c  c o n t r a c t  work 
i s  f o r E u l a t e d  i n  coope ra t ion  w i t h  t h e  DOE and au tho r i zed  w i t h i n  g e n e r a l  gu ide-  
l i n e s  i n  t h e  c o n t r a c t .  Con t rac t  terns i n c l u d e  DOE r e s p o n s i b i l i t y  f o r  
CovernEent ownership and c o n t r o l  of  invent  i o n s ,  d a t a ,  and o the r  r e s e a r c h  
p r o d u c t s .  
funds  is ves t ed  i n  the  U .  S. Governnent a t  t h e  t i n e  of q u i s i t i o n .  The 
c o n t r a c t  a l s o  con ta ins  a l l  t h e  terms g e n e r a l l y  coclmon t o  Goverment  c o n t r a c t s  
of  t h e  type  under which OPAU conducts  r e s e a r c h  ope ra t ions  i n  ~ o v e r m e n t - o v n c d  
f a c i l i t i e s .  

Ownership of a l l  equipnent  and f a c i l i t i e s  acqui red  by ORAU w i t h  DOE 

F. C o l l a b o r a t i v e  Arrangements: None 
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G. P r i n c i p a l  I n v e s t i g a t o r  Assurance 

me undersigned agrees to accept  r e s p o n s i b i l i t y  f o r  t h e  s c i e n t i f i c  and t e c h n i c a l  
conduct of  the p r o j e c t  and f o r  p r o v i s i o n  of r e q u i r e d  p rogres s  r e p o r t s  i f  a g r a n t  
is awarded as t h e  r e s u l t  of t h i s  a p p l i c a t i o n .  

P r i n c i p a l  I n v e s t i g a t o r  


