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October 26, 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 
AND DIFFERENTIATORS OF 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 ran 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  ou t  under t h e  d i r e c t i o n  of D r .  Myles Cabot. 
D r a 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, and approva l  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  b e  approved by N I H ,  t h e  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  prev ious ly  e s t a b l i s h e d  between ORAU and DOE. 

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

S ince re ly ,  a 

W i l l i a m  E. F e l l i n g  0 
Acting Executive D i r e c t o r  

RYAN : b r  

Enclosures 
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Oak Ridge 
Associated 
Un i v e r si t i e s 

October 26, 1981 

Div i s ion  of Research Grants  
Na t iona l  I n s t i t u t e s  of Hea l th  
U. S. P u b l i c  Hea l th  S e r v i c e  
Bethesda, Maryland 20205 

Gentlemen: 

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 o 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  Membrane Lipids and Differentiators of Leukemia. 
supe rv i sed  by D r .  Myles Cabot. 

Th i s  p r o j e c t  w i l l  be  

Oak Ridge Assoc ia ted  U n i v e r s i t i e s ' i s  a n o n p r o f i t  c o r p o r a t i o n  sponsored  by 
51 Southern c o l l e g e s  and u n i v e r s i t i e s .  
are c a r r i e d  ou t  under  a long-term o p e r a t i n g  c o n t r a c t  w i t h  t h e  U. S. Department 
of Energy. C e r t a i n  c o n d i t i o n s  a r i s i n g  from t h i s  r e l a t i o n s h i p  between ORAU and 
t h e  DOE are set f o r t h  on pages 1 0  and 11 of t h i s  a p p l i c a t i o n .  

The major p o r t i o n  of i t s  a c t i v i t i e s  

I f  ques t ions  should ar ise  d u r i n g  t h e  review of t h i s  p r o p o s a l , . 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  area code 615, 576-3122. 

S i n c e r e l y ,  

b r  

Enclosures  

bcc: D r .  W i l l i a m  R. Bibb DOE OR0 (3) .e 
Execut ive O f f  i c e  (2) 
W. F. Count i ss  
M. Cabot 
B. P. Ryan 

t 0 1 9 5 3 8  
c 



DEPARTMENT OF HEALTH,  ED TION, AND WELFARE 
P U B L I C  H E A L T H  SERVICE 

REVIEW GROUP 

COUNCIL/BOARD (Month. year1 

GRANT APPLICATION FORMERLY 

D A T E  RECEIVED 
FOLLOW INSTRUCTIONS CAREFULLY 

1. T I T L E  OF APPLICATION (Do not a r c e d  56 fypewitor  r p o c ~ s )  

Medical and Health Sciences Division 
Oak Ridge Associated Universities 

Oak Ridge, Tennessee 37830 
P. 0. Box 117 

3f. TELEPHONE (Am0 =de, nunbor o l d  u ions ion)  

615-576-3122 
4. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA INVOLVED 

N O  n Y E s  (If “YES,” iom HEW 596 rmqvirrd) 

6. DATES OF ENTIRE PROPOSED PROJECT PERIOD 
(This applicution) 

LEAVE B L A N U  

Biochemist 

30. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 

Biological Chemistry 

39. MAJOR SUBDlVlSlON 

Medical and Health Sciences D i v m  
5. RECOMBINANT DNA RESEARCH SUBJECT TO N l H  GUIDELINES 

YES 

7. T O T A L  DIRECT COSTS RE- 
QUESTED FOR PROJECT 

8. DIRECT COSTS REQUESTED FOR 
FIRST 12MONTH BUDGET 

9. PERFORMANCE SITES 10rganirotions a d  oddnsros) 

Medical and Health Sciences Division . 

MEMBRANE LIPIDS AND DIFFERENTIATORS OF LEUKEMIA 
2. RESPONSE T O  SPECIFIC PROGRAM ANNOUNCEMENT N O  u YES (If ‘YES,” s t o h  R F A  nrmber m y o r  onnouncment title) 

I 

10. INVENTIONS (Conpeting continuution w l i c o t i o n  only)  

Woro ony invontions concmived or roducod to proctico during tho cwrsc  
of the oroiect? 

3. PRINCIPAL INVESTICATOR/PROCRAM DIRECTOR 
3a. NAME (Lost, firs% r n i d d d  13b. SOCIAL SECURITY NUMBER 

CABOT. MYLES C. 
3e. - W I L I N G  ADDRESS (5 

PERIOD (from pogo 5) PERIOD ffmm pogo 4) I s 71,000 
From: July,. 1, 1982 Through: June 30, 1987 $413,900 

I s  

* 
Oak Ridge Associated Universities 
P.O. Box 117 
Oak Ridge, Tennessee 37830 

. 
12. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR 

INSTITUTIONAL GRANT [See instructions) 

Cod. Descript ion: 

(Medical and Health Sciences Division) 
15. O F F I C I A L  I N  BUSINESS OFFICE TO BE NOTIFIED IF AN 

AWARD IS MADE ()June, titlo, address srd dophone number.) 

William F. Countiss 
Head, Office of Fiscal Services 
O a k  Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, TN 37830 (515 576-3056) 

17. PRINCIPAL INVESTIGATOR;PROGRAM DIRECTOR ASSURANCE: I ogre# 

0 
d 

to occepi responsibility lor the scientif ic conduct of the project and to pro- 
vide the required progress reports i f  a gront i s  awarded OS o result of t h i s  
opplicotion. 

9 + 
18. CERTIFICATION AND ACCEPTANCE: I conify h o t  the stotamcnts herein 

ore twe ond complete to the best  of m y  knowledge, w d  occept tho obligo- 
tion to comply wirh Public H d h  Service terms ond conditions i f  o gront 
i s  oworded os the resul t  of this opplicotlon. A w,llfully folsc certilicotion 
i s  a c r m i n a l  olfenre. U S .  Code, Title 18, Section 1001.) 

PnS-39R 

. . .  

YES - Previously roporcod 

YES - Not previously roportod 

11. A t P L I C A N T  ORGANIZATION (Nan., oddrmss, and congrrssiond 
district) 

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

Third Congressional District 

3. ENTITY IDENTIFICATION NUMBER 

16204768lAl 
4. TY PE O F  ORGANIZATION (See instmctionsl 

Private Nonprofi t  

Publ ic t5pocify Fedeml, Stat- Loco/): 
6 .  O F F I C I A L  SIGNING FOR A P P L I C A N T  ORGANIZATION (Nome, title. 

address a d  teIephonc number) 

William E. Felling 
Acting Executive Director 
Oak Ridge Associated Universities 
P. 0. Box 117 
Oak Ridge, TN 37830 (615, 576-3300) 

S1GNATUR.E OF PERSON NAMED I N  30 (In ink. 
”Per” s i g n o t u n  not occaptobld 

DATE 

. ie-.rz. 

1 O A T E  
SIGNA i U R E  OF PERSON NAMED IN 16 [ i n  ink. 



LEAVE BLANK 

PROJECT NUMBER 

D L P A R T Y E N T  O f  YEALTH, EDUCATION, AND UELfARE 
PI C 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 (Sone as Itm 11, pa  e 1) 
Oak Ridge  Associated U n i v e r s i t i e s ,  P. 0. Box 117 
Oak Ridge ,  Tennessee 37830 

41EXBRAlVE LIPIDS AND DIFFERENTIATORS OF LEUKEMIA 
T I T L E  OF A P P L I C A T I O N  (Same as Item I, p a p  IJ 

Name, Tit le and Deportment of all professional personnel engaged on proiect, beginning with Principal Inrestigatar/Progrom Diroctor 

Myles C. Cabot, Ph.D., Biochemist ,  B i o l o g i c a l  Chemistry,  Medical and Heal th  Sc iences  Divisior.  

ABSTRACT OF RESEARCH PLAN:  Concisely describe tho application's spocific aims, mothodology and long-term abioctives, moking roforence to 
the scientific disciplines involved and the health-relotedness of the proiect. The abstract should be self-contained so that i t  can serve as a succinct 
and accurate description of the application when seporatod from it. DO NOT EXCEED THE SPACE PROVIDED.  

The t m o r  promoter, 12-~-tetradecanoylphorbol-l3-acetate, and compounds such as  
dimethyl  su l fox ide  and r e t i n o i c  a c i d ,  induce d i f f e r e n t i a t i o n  of c u l t u r e d  human 
leukemia c e l l s .  Because t h e s e  chemicals  could f u n c t i o n  a s  p o t e n t i a l  chemo- 
t h e r a p e u t i c  agents, knowledge of t h e  mechanisms by which they  a c t  i s  of 
c r i t i c a l  importance. Profound a l t e r a t i o n s  of l i p i d  metabolism have been 
demonstrated i n  induced c e l l s ,  most notably t h e  s t i m u l a t i o n  of phosphol ipid 
metabolism before  t h e  markers  of d i f f e r e n t i a t i o n  a r e  expressed .  
a r e  l i p o p h i l i c  i n  n a t u r e  and c e l l  membranes a r e  s t r o n g  t a r g e t s  of ac t ion .  
p a r a l l e l  between membrane a c t i o n  and l i p i d  modulat ion s t r o n g l y  sugges t s  t h a t  
l i p i d s  p lay  a r o l e  i n  t h e  c e l l u l a r  d i f f e r e n t i a t i o n  process .  Because phorbol 
e s t e r s  and o the r  i n d u c e r s  d i s p l a y  such a v a r i e d  spectrum of l i p id -mod i fy ing  
a c t i v i t i e s ,  t he  n e c e s s i t y  of a sys t ema t i c  s tudy  of l i p i d  metabolism i n  induced 
c e l l s  i s  appa ren t ,  w i th  p o t e n t i a l  t o  produce i n s i g h t  i n t o  t h e  r o l e  of membrane 
l i p i d s  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 .  The exper imenta l  approach i n  t h i s  proposal  
e n t a i l s  use  of agen t s  t h a t  p o t e n t i a t e  leukemic c e l l  d i f f e r e n t i a t i o n  i n  order  t o  
formula te  a c o r r o l a r y  between t h e  induc t ion  p rocess  and biomembrane l i p i d  
mod i f i ca t ions .  A b a s i c  q u e s t i o n  being:  a r e  similar changes i n  l i p i d  metabolism 
comnon t o  d i f f e r e n t i a t i o n  wi thou t  regard  t o  t h e  agen t  of i nduc t ion?  Secondly,  
by u s i n g  human leukemia cel ls  t h a t  do not undergo d i f f e r e n t i a t i o n .  when exposed- 
t o '  phorbol  esters, w e  can  determine the  e f f e c t s  o f -  inducer -  on l i p i d  metabolism, 
per  se.. The proposed i n v e s t i g a t i o n s  w i l l  be done w i t h  c u l t u r e d  human leukemia. 
ce l l s  t r e a t e d  wi th  ei ther 12-~-tetradecanoylphorbol-l3acetate, dimethyl. 
s u l f o x i d e ,  r e t i n o i c  a c i d ,  actinomycin-D, hexamethylene-&-acetamide; o r  
hypoxanth ine . .  The l i p i d  composi t ions a s  w e l l  as  i n  v i t r o  enzymatic a c t i v i t i e s  
of key l i p i d  me tabo l i c  enzymes w i l l  be examined i n  c o n t r o l ,  inducer  r e s i s t a n t ,  
and d i f f e r e n t i a t e d  c e l l  popula t ions .  
requiements  ( e s s e n t i a l  f a t t y  a c i d s ,  p ros t ag land ins )  of 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  be c r i t i c a l l y  a s ses sed .  

The inducers  
The 

S u b c e l l u l a r  f r a c t i o n  t a r g e t s  and l i p i d  

LABORATORY ANIMALS INVOLVED.  Idontify by common names. I f  none, state "none" 

None 

PHS-398 
Rev. lOn9 

PAGE 2 
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MYles c .  Cabot, Ph.D. 
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P RI  N CI PAL IN V ES TI  G A T 0  R/P ROG R AM DI RECTOR: 

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

Number pages consecut ive ly  a t  the bottom throughout the appl icat ion.  Do not  use suf f i xes  such as 
50, 5b. ,Type the name o f  the P r i n c i p a l  lnvest igator /Program Di rec tor  a t  the top o f  each p r in ted  page 
and each cont inuat ion page. 

SECTION 1. PAGE NUMBERS 

Face Page, Abstract, Table of Contents .............................................. 
Detailed Budget for F i r s t  12 Month Budget Period ..................................... 
Budget Estimates for A l l  Years of Support.. .......................................... 
Other Biographical Sketches (Not to exceed two pages for each) ......................... 
Other Support ..................................................................... 9 
Resources and Environment ........................................................ 10 

1-3 
4 
5 

Biographical Sketch-Principal Investigator/Program Director (Not to exceed two pages). . , . , L 
-. 

SECTION 2. 

Introduction (Excess pages; revised and supplemental applications) . 9 

Research Plan 
A. Specific Aims (Not to exceed one page) ....................................... 
8. Significance (Not to exceed three pages) ....................................... 
C. Progress Report/Prel iminary Studies (Nos to exceed eight pages) ................. 
D. Methods ................................................................... 
E. Human Subjects, Derived Materials or Data.. ................................... 
F. Laboratory Animals ......................................................... 
G. Consultants...... .......................................................... 
H. Consortium Arrangements or Formalized Collaborative Agreements ................ 
1. Literature Cited ............................................................ 

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

Number of publications: 1 
Other items ( l ist):  

One curriculum vitae 

Number of  manuscripts: 1 

Application Receipt Record, form PHS 3830 
Form HEW 596 i f  Item 4, page 1, i s  checked “YES” 

PHS-398 PAGE 3 
R8V. i o n 9  



DETAILED BUDGET F O h  FIRST 12 MONTH BUDGET PERIOD 
DIRECT COSTS ONLY 

PERSONNEL (Applicant orgonixation o d y )  (So. instructions) I TIME/EFFORT 

FROM THROUGH 

07 /01/82 06/30/83 
DOLLAR AMOUNT REQUESTED (Omit c r r t s )  

I 1 

NAME 

1 I I I I I 
I I I I I I 

TOTALS Hours por BENEFITS T ITLE OF POSr lON 

WP 1 t T -  
To b- 

L 

Recenrrh - < a t e  50 20 8.570 1.930 10,500 
Technician 100 40 16.200 3.800 20.000 

I SUPPLIES f l rrmixo by cot.goy) 

P 9  r,- Princi pa I 1nv.s t ip0  tor 

To b e  named , S e c r e t a r i a l  Aide  
I 

Tissue c u l t u r e  ware $4,000 Lipid enzymes? c o f a c t o r s ,  etc. $2,000 
Culture media 3,000 Laboratory glassware 2,500 
Chemicals 1,500 
Radiolabeled compounds 2,000 

~ ~~ 

5n 7n 1 5  .nnn 3 non 

50 20 5,200 , 1,300 6,500 
I 

15,000 

SUBTOTALS .!!d 44,970 Il0,030 
CONSULTANT COSTS (5- ins t rud lonr )  

EQUIPMENT Utmmiz.) 

55 ,000 

IN  PA T I  E N 1  

OUTPATIENT 
PATIENT CARE COSTS 

ALTERATIONS AND RENOVATIONS (/tomizo by cdcpoy)  

DOMESTIC 
FOREIGN TRAVEL 

I 

1.000 

CONTRACTUAL 
OR (So. 

THIRD PARTY inrtrvch’ood 
COSTS 

OTHER EXPENSES ( I r m i z o  by cafcpoy) 

f 

+)571,000 TOTAL DIRECT COSTS f A b  ontor on pogo 1 ,  i t m  8) 

PHS-356 P A C E  4 
Re,. . 5  75 



P R I N C I P A L  I N ~ E S T I G A T O R  PROGRAM D I R E C T O R  Myles C. Cabot 

BUDGET E MATES FOR ALL YEARS OF SUPP T REQUESTED 
DIRECT COSTS ONLY 

1 s t  BUDGET 
PERIOD 

(ftvm pope 4 )  I B U D G E T  C A T E G O R Y  
T O T A L S  

D E R S C ~ ~ ~ ~  (Sotory ond 
(rin9e benefits.) 
f b p l i c o n t  orgoniration only) ' 55 , 000 

CONSULT ANT COSTS 

EQUl PMENT 

~~ 

A D D I T I O N A L  YEARS SUPPORT REQUESTED 

2nd 3rd I r h  5th 

58 ,850  62,950 67,400 72 100 

15,000 I 16,200 I 17,500 SUP PLI  ES 18,900 20,400 

FOR El GN 

INPATIENT PATIENT 
CARE 

OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

DOMES TI C 1,000 1,100 1,200 1,350 1,450 

TOTAL DIRECT COSTS 1 71,000 I 76,650: I 82,650 88,650 I 94,950 
500 OTHER EXPENSES 

TOTAL FOR ENTIP€ PROPOSED PROJECT PERIOD (Also rrter on pa98 1, it? 7: ,-e s 413,900 I 

1.000 1 L 000 1 .mn 

J U S T l F l a T [ O N  (Use continuotion p o p s  If necess-): Briefly describe tho specific functions of the porsonnol ond consultants. For all Y*Or*#  

iust;b 
porty 
,urtlfy 

for which the rimed moy not be obvious, such os oquiprnont, foreign travel, olromiions ond renovations, and controc*uol or third 

rlgnlf,conc ,nCreol=s Over current l e v e l  of support. I f  o recurring onnuol i n ~ r o a s o  in personnel costs i s  oncictpoted, pave percenta9.. 
For future yeors, l u ~ t i f y  ony ampniftcant ~ncroases tn ony ca lo~ory .  In odditton, for COMPETING CONTINUATION OPPltCa' l~ ' .  

Recurring merit increases are computed at 7%. 
charges. 
Justifications: 

Technician: The person to be recruited for the position of "technician" will, initially, 
supplement the work load of Clement Welsh (research associate) and will later be trained 
to carry out the majority of work associated with cell culturing, testing morphological 
and biochemical markers of cellular differentiation, and analytical determinations, i.e., 
lipid compositional studies, thin-layer chromatography, radiolabeled tracer quantitation. 
This person should be self sufficient after a 6-month period. 
under my direction for 2 years; together we have coauthored papers dealing with lipid metabolisr 
in TPA-treated HL-60 cells. His major job responsibility will be that of carrying out designed 
biochemical experiments and training and directing the laboratory technician. 
also maintain laboratory working order and direct cell culture work. 
Secretarial aide: 
are currently in the hands of our full-time, sole secretary. 
in the preparation of manuscripts, grant proposals, and other office procedures is ever 
apparent. 
work closely with our secretary on matters regarding this proposal. 

Costs under other expenses are for publication 

Clement Welsh has been working 

Mr. Welsh will 

The majority of the secretarial duties (Department of Biological Chemistry) 
The need for an aide to help 

We therefore request the funds to pay the salary of a secretarial aide, who would 

PHS-395 PAGE S 
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Myles C .  Cabot 

T r a v e l :  
my area of r e sea rch  (membranes, c e l l s  and phorbol  es ters ,  mechanisms of tumor promotion) .  
t o  a l a c k  of funds I w a s  unable  t o  a t t e n d  t h e s e  meet ings,  i n  p a r t i c u l a r  the Heidelberg 
Conference on tumor 
t ravel  funds t o  a t t e n d  seminars  and conferences  wherein I may p r e s e n t  and d i s c u s s  r e s u l t s  with 
o t h e r  s c i e n t i s t s  i n  t h e  f i e l d  of b iochemis t ry  and c e l l  biology. 

During the  p a s t  few years s e v e r a l  meet ings  were he ld  w i t h  agendas c l o s e l y  related t o  
Due 

promotion f o r  which I w a s  extended an  i n v i t a t i o n .  The re fo re ,  I reques t  

6 



P D I N C i ? A L  I N V E S T I G A T O R  P R O G R A M  D I R E C T O R ,  "yles c*  
BIOGRAPHICAL SKETC 

NAME 

bfyles C. Cabot 

Give the following information for key profession01 personnel listed on poge 2, beginning with the 
Principal Invest;ga?or/Progrom Director. Photocopy this page for each person. 

T I T L E  

Biochemist  
I 1 

EDUCATION ( B a a i n  w i t h  boccalourcotc t r a i n i n g  and i n c l u d e  p o s t d o c t o r o l l  

INSTITUTION AND LOCATION 1 FIELD OF STUDY 

I I 

I I I 
I I I 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with prosont position, t i s t  in  chronologicol ordor provious omploymont, erpori- 

.ne., ond honors. Includo prosont membership on any Fodorol Govommont Public Advisory Committoo. List ,  in chronoloQicol ordor, tho t i t los  ond 

comploto reloroncos 90 r*c*nt represonto~ive publicotionr, ospociolly thoso most portinont to this application. Do not *xcood 2 pagos. 

1970-1972: Graduate  Ass i s t an t sh ip ;  1969-1972, Labora tory  Assistant--Westem Caro l ina  

1975-1976: I n s t r u c t o r ;  1974-1976: A s s i s t a n t s h i p ;  1972-1974, Fellowship--The Hebrew 

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

Univ., Cullowhee, NC. 

Univ. Jerusalem, Israel. 

and H e a l t h  Sc iences  Divis ion,  Oak Ridge Assoc ia ted  U n i v e r s i t i e s ,  Oak Ridge, 
Tennessee. 

S c i e n t i s t  I, Medical and Heal th  Sc iences  Div i s ion ,  Oak Ridge 
Assoc ia t ed  U n i v e r s i t i e s ,  Oak Ridge, Tennessee (Biochemist ,  A p r i l  1979) 

November 1978-Present: 

PUBLICATIONS 

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. S c i .  11, 1194, 1975 
( a b s t r a c t )  

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

Hydrolysis of neutral gZycerides by lipases of ra t  brain 

Cabot, M. C. and G a t t ,  S. 
brain. Isr. J .  Med. Sc i .  1 2 ,  1368, 1976 ( a b s t r a c t )  

Substrate s p e c i f i c i t y  of the microsomal acZd lipase Of rat 

Cabot, M. C. and G a t t ,  S. Hy&olySis of endogenous diacyZgZycero2 and monoccylZgZyceroi blr 
Zipcses i n  r a t  brain microsomes. Biochemis t ry  16 ,  2330-2334,  1977. 

Cabot,  M. C. and Gatt, S. R a t  brain microsomal l ipase ac5ivity.  Adv. Exp. Med. Biol .  
101, 101-111, 1978. 

Cabot, k. 6. and Snyder,  F. 
monolayers supplemented with chaulrnoogric acid. 

The m i p u t a t w n  of f a t t y  a c i d  composition i n  L-M cel2 
Arch. Biochem. Biophys. 190,  838-846 ,  

1978. 

Cabot,  If. C. and Snyder, F. 
l i p i d s  of neoplastic Cells. 
Argen t ina ,  A b s t r a c t s ,  Workshops, Vol. l., 1978,  p. 177 (Abs t rac t  18). 
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RESOURCES AND ENVIRON,, ..(T 

F A C I L I T I E S :  
o x t o n t  of o v o i l a b i l i t y  to tho proioct .  Us. "othor"  lo d o s c r i b o  f a c i l i t i e s  at orhor  por fo rmo* ico  s i t o s  l i s t e d  in Itom 9, pogo 1, and a1 

s ~ t o s  for f i o l d  studios. U s i n g  c o n t i n u a t i o n  p o g c s  i f  n o c e r s o r y ,  i n c l u d o  o d e s c r i p t i o n  of tho  n o t u r o  o f  ony co l loboro t ion  w i t h  other 
o r g o n i x o t i o n s  ond p r o v i d o  furthor i n f o r m a t i o n  in the  R E S E A R C H  P L A N .  

Mark  tho  f o c i l i t i o s  to bo  u s e d  ond b r i o f l y  i n d i c o t o  tho i r  c o p o c i t i o s ,  p o r t i n o n t  copob i l i t i os ,  r o l o t i v o  p r o x i m i r y  and 

Labora tory :  My laboratory is approximately 17 x 25 ft . ; it is well equipped for carrying 
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. 

0 C l i n i c a l :  

0 Animol :  

We have immediate access to computer ware. W Computer: 

My office is located adjacent to my laboratory. I3 Offie.: 

Tissue culture We have two cuhture facilities, one located directly 1: across the hall from my laboratory. The human cell culture O t h e r  ( 

lab is located upstairs (approx. 45 seconds away). 

MAJOR E Q U I P M E N T :  
e o p o b i l i t i c s  of eoch. 

L i s t  tho m o s t  impor ton t  equ ipment  i t e m s  o l roody  o v o i l o b l o  for t h i s  project, n o t i n g  tho loco t ion ,  ond per t inent  

Liquid nitrogen refrigerator; thin-layer chromatographic equipment, 
including zonal scraper and spark chamber for radioassay of chromatograms; photo- 
densitometer; preparative and analytical centrifuges; Model E ultracentrifuge, liquid 
scintillation spectrometer, gas-liquid chromatographs; Beckman model 324M high pressure 
liquid chromatography system; Beckman DU and Acta C - I 1 1  spectrometer; Cahn electrobalance; 
protein isolation equipment. All the equipment is in excellent working order and located 
in the labs adjacent to my laboratory. Service contracts are maintained on all major 
equipment items. 

ADDIfiONAL I N F O R M A T I O N :  
such as  c o n s u l t o n t r ,  secretor io l ,  mochine shop, ond c l e c t r o c i c s  shop, ond the extent to wh ich  they w i l l  be ovr t i lob le  to the prolect .  

P r o v i d e  ony  o t h e r  i n f o r m o t i o n  d e s c r i b i n g  t h e  env i rcnmont  for  the  proiect. I den t i f y  support  services 

We have an on-board secretary, machine and electronics shop, glassware washing, access to 
electron microscopy, mass spectrometry; consultants in the areas of cell biology, 
cytogenetics, organic chemistry. These support services are readily available. 

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS' 

This research grant application includes a sepent of activity that would be 
pcrforned in facilities of the U. S. Department of Energy and governed by an 
existing contract between Oak Ridge Associated Universities (OT?N.J) and the DOE. 
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Myles C. Cabot 

The COE bas rev iewed t h i s  proposal and has  c o n c c r r e d  i n  OFAU 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  b i o n d i c a l  r e s e z r c h ,  
s u j j e c t  t o  paynent  t o  t h e  DOE by O?LU f ror ,  HIH funds of  t h s  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 c h a r g e  f o r  t h e  u s e  of COE 
f a c i l i t i e s )  a s  de t e rmined  by t h e  p r o v i s i o n s  of  t h e  DOE'S c o n t r a c t  w i t h  O E A U .  

X t  is 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  r e q u i r e m e n t s  of t h e  DOE c o n t r a c t  
p a r a l l e l  c o n d i t i o n s  t h a t  EIH 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  event  of 
d i f f e r e n c e s  between NXH g r a n t  terms and t h e  DOE c o n t r a c t  terms, O I U U  i s  agree-  
a b l e  t o  n e e t i n g  b o t h  t o  t h e  e x t e n t  t h a t  t h e y , a r e  no t  in c o n f l i c t ,  and t o  
app ly ing  t h o s e  most f z v o r a b l e  to  t h e  United S t a t e s  Government where tnis i s  
involved .  
s u g g e s t ,  O W 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. 

If NIH i s  aware of problems t h z t  s u c h  an approach  would produce o r  

By way of g e n e r a l  i n f o r m a t i o n ,  OPAU's c o n t r a c t  w i t h  t h e  DOE is a cos t - type  
c o n t r a c t  f i n z n c e d  under  a Goverwent-fund,  accoun t .  The s p e c i f i c  c o n t r a c t  work 
i s  f o r z x l a t e d  i n  c o o p e r a t i o n  w i t h  t h e  DOE and a u t h o r i z e d  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 .  C o n t r a c 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  
GovernEent ownersh ip  and  c o n t r o l  of  i nven t  i ons  , data, and o t h e r  r e s e a r c h  
Froducts .  
funds is v e s t e d  i n  t h e  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  c o n t a i n s  a l l  t h e  t e r z s  g e n e r a l l y  conunon t o  Govermen t  c o n t r a c t s  
of t h e  t y p e  under  which OPAU conducts  r e s e a r c h  o p e r a t i o n s  i n  Government-owned 
f s c i l i t i e s .  

Ownership of  a l l  equipment and f a c i l i t i e s  a c q u i r e d  by ORXU w i t h  DOE 
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P r i v i l e d g e d  Communi c a t i o n  

RESEARCH PLAN 

A. S p e c i f i c  A i m s  

12-Q-Tetradecanoylphorbol-13-acetate (TPA) a p p l i c a t i o n s  t o  mouse s k i n  
r e s u l t  i n  t h e  product ion  of both benign  and malignant tumors i f  TPA t rea tment  
i s  preceded by a p p l i c a t i o n  of an i n i t i a t i n g  agent  (1-3). However, phorbol 
e s t e r s ,  when used i n  t h e  absence of tumor 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 c e l l s  (HL-60) (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 ) .  A wide v a r i e t y  of 
compounds, i n  a d d i t i o n  t o  TPA, have been shown t o  induce d i f f e r e n t i a t i o n  of 
BL-60 c e l l s  and s i g n i f i c a n t l y  a l t e r  l i p i d  metabolism and membrane f l u i d i t y .  
The r e s u l t s  gained from t h i s  s tudy  are expected t o  answer the  fo l lowing  major 
ques t ions .  Are similar l i p i d  a l t e r a t i o n s  common t o  t h e  BL-60 c e l l u l a r  
d i f f e r e n t i a t i o n  process  wi thout  r e g a r d  t o  the  agent  of i nduc t ion?  
s i n c e  DMSO and r e t i n o i c  a c i d  e l i c i t  t h e  same type of HL-60 d i f f e r e n t i a t i o n  
(myeloid-granulocyt ic)  w i l l  l i p i d  m o d i f i c a t i o n s  accompanying t h e  c e l l  
t r a n s i t i o n  be similar? Secondly,  are t h e  changes i n  l i p i d  metabolism e l i c i t e d  
by TPA l i n k e d  t o  the  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 ?  

As phosphol ipids  a r e  i n t e g r a l  components of plasma membranes and 
i n t r a c e l l u l a r  o r g a n e l l e s ,  and membrane f l u i d i t y  has  been shown t o  govern 
membrane-bound enzyme a c t i v i t i e s ,  a l t e r a t i o n s  i n  l i p i d  metabolism occurr ing  
between c o n t r o l  and induced c e l l s  w i l l  se rve  t o  e l u c i d a t e  t h e  r o l e  of l i p i d s  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  and i n  p a r t  a i d  t o  relate f u n c t i o n a l  a s p e c t s  of 
induced d i f f e r e n t i a t i o n  t o  l i p i d  composi t iona l  changes. 

a l t e r a t i o n s  in c e l l u l a r  l i p i d  composi t ion occur between u n d i f f e r e n t i a t e d  c e l l s  
and ce l l s  t r e a t e d  wi th  t h e  v a r i o u s  induce r s  of d i f f e r e n t i a t i o n ,  paying 
p a r t i c u l a r  regard  t o  t h e  l e v e l s  of phosphol ip ids ,  s t e r o l s  and t r i a c y l g l y c e r o l s ,  
and t h e  a c y l  group composi t ion of t h e  po la r  l i p i d s ,  and n e u t r a l  l i p i d s  from 
whole cel ls  o r  i s o l a t e d  plasma membranes, nuc lear  f r a c t i o n s ,  and mi tochondr ia l  
and microsomal p r e p a r a t i o n s ;  2) a s s e s s  uptake and u t i l i z a t i o n  of l a b e l e d  l i p i d  
p r e c u r s o r s  ( a c e t a t e ,  mevalonic a c i d ,  32P, cho l ine ,  ethanolamine, f a t t y  a c i d s ,  
g lucose )  i n  con t ro l  and induced ce l l s  as a p r e r e q u i s i t e  t o  guide i n  v i t r o  
enzymatic  s tud ie s .  S p e c i a l  emphasis w i l l  be placed on a s s i m i l a t i o n  and 
u t i l i z a t i o n  of l a b e l e d  a r a c h i d o n i c  a c i d ,  a precursor  seques te red  by phospho- 
l i p i d s  f o r  t he  subsequent s y n t h e s i s  of pros tag landins .  3 )  Evalua te  t h e  
e f f e c t s  of serum l i p i d s  (and t h e i r  c o n t r i b u t i o n  t o  c e l l u l a r  l i p i d  composition) 
on 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  by u t i l i z i n g  c e l l s  grown i n  serum-free 
media. Explore t h e  e f f e c t  of t h e  va r ious  inducers  on enzymes of l i p i d  
metabolism. 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  inc lude  stearol-CoA desa t -  
u ra se .  d i a c y l g l y c e r o l  a c y l t r a n s f e r a s e ,  enzymes of f a t t y  a c i d  s y n t h e s i s  (de novo 
and c h a i n  e longa t ion ) ,  CDP-choline : 1,2-d iacylg lycero l  phosphochol inetransf  e r a se  
and phospha t id i c  a c i d  phosphohydrolase.  
t h e  maintenance of membrane f l u i d i t y  and o v e r a l l  r e g u l a t i o n  of t h e  l e v e l s  of 
p o l a r  l i p i d  membrane c o n s t i t u e n t s  v e r s u s  n e u t r a l  l i p i d  c y t o s o l i c  components. 
5 )  
e i t h e r  susceptab le  or r e s i s t a n t  t o  the a c t i o n  of TPA i n  order  t o  exp lo re  the  
c o n t r i b u t o r y  e f f e c t s  of TPA as  a sole f a c t o r  i n  modulating l i p i d  metabolism. 

For example, 

S p e c i f i c  goa l s  of t h e  proposed r e s e a r c h  a r e  t o :  1) e s t a b l i s h  what 

4) 

These enzymes play a c r u c i a l  r o l e  i n  

Evalua te  a spec t s  of phosphol ip id  metabolism i n  leukemic c e l l  l i n e s  t h a t  are 
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B. S i g n i f i c a n c e  

TPA, t he  most abundant and most a c t i v e  tumor-promoting agent of c ro ton  o i l ,  
h a s  been used widely i n  the  two-stage mouse s k i n  ca rc inogenes i s  system (6) t o  
s tudy  t h e  mechanism of tumor promotion. Recent s t u d i e 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  d i f f e r e n t i a t i o n  i n  murine 
e ry thro leukemia  c e l l s  (7 -91 ,  mouse neuroblastoma c e l l s  ( l o ) ,  3T3 f i b r o b l a s t s  
( l l ) ,  a v i a n  myoblasts  (121,  hamster epidermal  c e l l s  (131,  and av ian  melanocytes 
(14). 
melanoma cel ls  ( 5 )  have r evea led  a dramat ic  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  t han  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 .  

A v a r i e t y  of chemical ly  u n r e l a t e d  compounds have been shown t o  induce 
morphologica l  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 e ry thro leukemia  (F r i end)  c e l l s ;  t he  
morphologica l ,  b iochemical ,  and immunological changes induced have been w e l l  
c h a r a c t e r i z e d  (16-18). 
r e c e n t l y  been demonstrated i n  human c e l l s  ( 5 ,  19-21) and r e t i n o i c  a c i d  h a s  
l i k e w i s e  been shown t o  induce d i f f e r e n t i a t i o n  i n  HL-60 c e l l s  (22).  Other 
compounds under s tudy  t h a t  a l s o  p o t e n t i a t e  HL-60 c e l l  d i f f e r e n t i a t i o n  inc lude  
t h e  a n t i b i o t i c ,  tunicamycin (231, t h e  chemotherapeut ic  drug,  actinomycin-D and 
compounds such as hypoxanthine and hexamethylene-u-acetamide (21).  Although 
t h e s e  a g e n t s  have not  been e x t e n s i v e l y  i n v e s t i g a t e d ,  c r i t e r i a  f o r  morphological  
and f u n c t i o n a l  d i f f e r e n t i a t i o n  have been a s s e s s e d  i n  HL-60 c e l l s  fo l lowing  
treatment. These s t u d i e s  suggest  t h a t  HL-60 ce l l s  s h a r e  common t a r g e t  s i tes  
f o r  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  by t h e s e  compounds. 

Whereas a number of i n v e s t i g a t o r s  have demonstrated t h a t  TPA a d d i t i o n  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 n  l i p i d  metabolism, the  e f f e c t s  of 
DMSO, r e t i n o i c  a c i d ,  and o the r  i nduce r s  on l i p i d  metabolism have not been char- 
a c t e r i z e d .  The complexity of t h i s  a r e a  can be w e l l  app rec i a t ed ,  f o r  not only 
do tumor promoters induce d i f f e r e n t i a t i o n  i n  some ce l l  l i n e s  and i n h i b i t  t h e  
d i f f e r e n t i a t i o n  process  i n  o t h e r s ,  p re l imina ry  s t u d i e s  have shown t h a t  inducer  
a c t i o n  on l i p i d  metabolism i s  e q u a l l y  complex. Dexamethasone-induced d i f f e r -  
e n t i a t i o n  of mouse leukemia c e l l s  produces s i g n i f i c a n t  changes i n  c e l l u l a r  
phosphol ip id  composition (24).  
w i th  DMSO, hexamethylene-&-acetamide, or sodium b u t y r a t e  l ikewise  d i s p l a y  
v a r i o u s  l i p i d  composi t ional  mod i f i ca t ions  ( 5 ) .  Lip id  metabol ic  s t u d i e s  u t i -  
l i z i n g  a one-cel l  type -- mult i - inducer  system have not been c a r r i e d  out .  A 
s tudy  i n  t h i s  v e i n  would f i r s t l y  r e v e a l  i f  t h e  v a r i o u s  inducers  share  conrmon 
a c t i o n s  on l i p i d  metabolism and secondly s e r v e  t o  e l u c i d a t e  t h e  r o l e  of l i p i d s  
i n  t h e  c e l l u l a r  d i f f e r e n t i a t i o n  process.  

s t i m u l a t e d  t h e  e a r l y  s y n t h e s i s  of phosphol ip ids  (26 ,  27) .  
c y t e s  TPA causes  an enhanced i n c o r p o r a t i o n  of [Mp-3H] chol ine  i n t o  the  chol ine-  
c o n t a i n i n g  phosphol ip ids  (28) .  HeLa c e l l s  i ncuba ted  wi th  low concent ra t ions  of 
TPA also show a r a p i d  inc rease  of cho l ine  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  phospha- 
t i d y l c h o l i n e  ( 2 9 ) .  St imula t ion  of phosphol ipid metabolism, before  the  markers 
of d i f f e r e n t i a t i o n  a r e  expressed,  and enhanced t r i a c y l g l y c e r o l  syn thes i s  occur  
i n  HL-60 cel ls  t r e a t e d  wi th  TPA ( 3 0 ) .  A r e c e n t  s tudy  has  shown t h a t  phospha- 
t i d y l c h o l i n e  s y n t h e s i s  i n  HL-60 c e l l s ,  v i a  m e t h y l a t i o n  of phosphatidyl- 
e thanolamine ,  i s  however i n h i b i t e d  w i t h i n  90 min of exposure t o  TPA (31) .  

Conversely,  s t u d i e s  wi th  human myeloid leukemia c e l l s  (4, 15)  and human 

The d i f f e r e n t i a t i o n - i n d u c i n g  e f f e c t  of DMSO h a s  

Fr iend  leukemia c e l l s  induced t o  d i f f e r e n t i a t e  

I n i t i a l  s t u d i e s  on l i p i d  metabolism and phorbol  esters revealed t h a t  TPA 
I n  bovine lympho- 

TPA 
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a l s o  evokes o t h e r  l i p i d - a s s o c i a t e d  a l t e r a t i o n s  i n  a v a r i e t y  of systems: t hese  
i n c l u d e  mod i f i ca t ions  of l i p i d  mic rov i scos i ty  i n  lymphoblastoid c e l l s  (32), 
i n h i b i t i o n  of ad ipose  convers ion  in 3T3 f i b r o b l a s t s  (111,  s t i m u l a t i o n  of 
s u r f a c t a n t  s e c r e t i o n  i n  a l v e o l a r  type 11 c e l l s  ( 3 3 1 ,  enhancement of phospho- 
l i p a s e  a c t i v i t y  and p r o s t a g l a n d i n  product ion (34,  351, and a l t e r a t i o n s  i n  
g a n g l i o s i d e  metabolism i n  human melanoma c e l l s  ( 5 ) .  

re late  t o  the  d i f f e r e n t i a t i o n  process? 
importance i n  t h e  p re sen t  proposal  and al though t h e  query may be d i f f i c u l t  t o  
answer c a t a g o r i c a l l y ,  t h i s  s tudy w i l l  y i e l d  b a s i c  background in fo rma t ion  t o  
c l a r i f y  our  unders tanding  of t he  r o l e  of l i p i d s  i n  c e l l  d i f f e r e n t i a t i o n .  
l i k e l y  t h a t  phosphol ipids  play a r o l e  i n  the  d i f f e r e n t i a t i o n  process  f o r  these  
membrane c o n s t i t u e n t s  undergo metabol ic  mod i f i ca t ions  before  t h e  markers f o r  
HL-60 c e l l  d i f f e r e n t i a t i o n  a r e  expressed. 
KG-1, and ML-3, e x h i b i t  macrophage-like c h a r a c t e r i s t i c s  a f t e r  exposure t o  TPA, 
whereas t h e  b l a s t  l ines,  KG-la  and K562, a r e  r e s i s t e n t  t o  TPA-induced 
d i f f e r e n t i a t i o n  (36). 
t h e s e  leukemic lines w i l l  r evea l  whether a l i n k  e x i t s  between l i p i d  
m o d i f i c a t i o n  and t h e  c e l l  d i f f e r e n t i a t i o n  process .  

acc rued  demonstrat ing t h e  a c t i o n  of TPA as a modulator of c e l l  p rocesses  t h a t  
e f f e c t  l i p i d  metabolism; however, only r ecen t  evidence i n d i c a t e s  t h a t  o the r  
i n d u c e r s  of HL-60 c e l l u l a r  d i f f e r e n t i a t i o n  a l t e r  l i p i d  metabol ic  processes .  
work by Cooper et a l .  (371, i nduce r s  of myeloid d i f f e r e n t i a t i o n  were shown t o  
i n h i b i t  s t e r o l  and phosphol ipid s y n t h e s i s ,  a l though t h i s  in format ion  was based 
s o l e l y  on t he  i n c o r p o r a t i o n  of r ad io l abe led  a c e t a t e  i n t o  c e l l u l a r  l i p i d s .  
Ace ta t e  can serve  as a precursor  of g l y c e r o l ,  and be , incorpora ted  i n t o  f a t t y  
a c i d s  v i a  de novo s y n t h e s i s  o r  by cha in  e longa t ion  (38 ) .  Acyl group turnover  
i n  t r i a c y l g l y c e r o l s  and t h e  d i f f e r e n t  c l a s s e s  of phosphol ipids  should a l s o  be 
cons ide red  when i n v e s t i g a t i n g  l i p i d  metabolism v i a  l a b e l i n g  techniques.  
are two p r i n c i p a l  mechanisms by which f a t t y  a c i d s  a r e  inco rpora t ed  i n t o  
membrane phosphol ipids:  de novo s y n t h e s i s  r e s u l t i n g  i n  a ne t  i n c r e a s e  of 
phosphol ip id  (391,  and exchange r e a c t i o n s  i n  which t h e r e  i s  no i n c r e a s e  i n  t h e  
amount of phosphol ipid (40, 41). 
a c y l  t r a n s f e r a s e  u t i l i z i n g  acyl-CoA and membrane lysophosphoglycer ides  as 
s u b s t r a t e s  (40, 42).  
membrane phosphoglyceride f a t t y  a c i d  composition w h i l e s t  t h e  l e v e l  of phospho- 
l i p i d  remains cons t an t .  
cel ls  i n  c u l t u r e  r e t a i n  phosphol ipid a c y l  groups; by c o n t r a s t  phosphol ipid 
phosphorus and g l y c e r o l  t u r n  over  a t  a much g r e a t e r  r a t e .  

When comparing l i p i d  metabolism i n  u n d i f f e r e n t i a t e d  and induced c e l l s ,  i t  
should  be taken i n t o  account t h a t  t h e  serum r e q u i r e d  t o  grow c u l t u r e d  c e l l s  i s  
a r i c h  source of f a t t y  a c i d s  which may enable  t h e  c e l l s  t o  s u s t a i n  t h e i r  
r e q u i r e d  a c y l  group composition. 
serum-free c u l t u r e  system as r e c e n t l y  descr ibed  by Breitman e t  a l .  (44); DMSO 
can induce d i f f e r e n t i a t i o n  in t hese  c e l l s .  This  system can g r e a t l y  s impl i fy  
s t u d i e s  aimed a t  demonstrat ing l i p i d  composi t ional  modi f ica t ions  i n h e r e n t  t o  
the 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  and c h a r a c t e r i z e  c e l l u l a r  l i p i d  requirements  
t h a t  could p o t e n t i a t e  t h e  d i f f e r e n t i a t i o n  process .  Approaches used t o  i n v e s t i -  
g a t e  t h e  func t ions  of s p e c i f i c  l i p i d s  i n  c e l l u l a r  biwembranes have centered  on 

Does TPA d i r e c t l y  in f luence  l i p i d  metabolism and do l i p i d  mod i f i ca t ions  
This  is a q u e s t i o n  of paramount 

It i s  

The promyelocyt ic  l i n e s ,  XL-60. 

Examining t h e  e f f e c t s  of TPA on l i p i d  metabolism i n  

As can be ga thered  from the  above examples, a cons ide rab le  body of work has  
, 

I n  

There 

One type of exchange r e a c t i o n  i s  ca t a lyzed  by 

By t h i s  l a t t e r  exchange mechanism t h e  c e l l  can a l t e r  

Work by Lynch e t  a l .  ( 4 3 )  has  shown t h a t  mammalian 

For t h a t  reason  we p lan  t o  use the  HL-60 
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manipula t ing  t h e  f a t t y  a c i d  (45-481, f a t t y  alcohol (491, o r  phosphol ip id  po la r  
head group composi t ion ( S O ,  5 1 )  of membrane phospho l ip ids .  A l t e r a t i o n s  
accompanying the  l i p i d  mod i f i ca t ion  of c e l l u l a r  membranes have been observed i n  
l i p i d  metabolism ( 5 1 ,  52) membrane-bound enzyme a c t i v i t i e s  (53-561, c e l l  growth 
(56 ,  57) , and membrane f l u i d i t y  ( 5 8 ,  59) .  These f i n d i n g s  a r e  suppor t ive  of t he  
important  f u n c t i o n a l  r o l e  of s p e c i f i c  l i p i d  components i n  b i o l o g i c a l  membranes 
of i n t a c t  c e l l s ,  and mark t h e  s i g n i f i c a n c e  of employing serum-free growth media 
and l i p i d  supplementat ion t o  e s t a b l i s h  what l i p i d  c r i t e r i a  a r e  e s s e n t i a l  f o r  
t he  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 .  

of c e l l u l a r  phosphol ip ids  and s t i m u l a t e  p r o s t a g l a n d i n  product ion  (35) imp l i e s  
t h a t  e s s e n t i a l  f a t t y  a c i d s  and p ros t ag land ins  p l a y  a 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 .  In a recen t  s tudy by Bonser e t  a l .  (601,  DMSO t rea tment  of 
HL-60 c e l l s  i n c r e a s e d  phospholipase and cyclooxygenase a c t i v i t i e s .  Pros ta -  
g l a n d i n  s y n t h e s i s  i n  a preadipocyte  c l o n a l  l i n e  was shown t o  be maximal dur ing  
c e l l  p r o l i f e r a t i o n  and decrease  d r a m a t i c a l l y  a t  ad ipose  conversion (61) .  Ziboh 
e t  a l .  (62 )  have shown a marked i n c r e a s e  i n  t h e  b i o s y n t h e s i s  of PGFB i n  
r a p i d l y  p r o l i f e r a t i n g  chloroleukemia c e l l s ,  whereas no s i g n i f i c a n t  i n c r e a s e  i n  
PGFzc, occur red  i n  qu ie scen t  h y p e r p l a s t i c  marrow c e l l s .  
showed t h a t  d i f f e r e n t i a t e d  mouse myeloid leukemia c e l l s ,  when l a b e l e d  wi th  
[ 14 Cla rach idon ic  a c i d ,  synthes ized  and r e l e a s e d  p r o s t a g l a n d i n s ,  whereas 

u n t r e a t e d  c e l l s  d id  not .  These r e s u l t s  s t r o n g l y  sugges t  t h a t  p ros t ag land ins  
p l ay  a role  i n  t h e  macrophage-granulocytic d i f f e r e n t i a t i o n  process  of myeloid 
leukemia c e l l s .  The l e v e l s  of po lyunsa tu ra t ed  f a t t y  a c i d s  can be c o n t r o l l e d  by 
growing c e l l s  i n  serum-free media thus  l i m i t i n g  t h e  a v a i l a b i l i t y  of p recu r so r s  
f o r  p r o s t a g l a n d i n  product ion.  The l i p i d s  r e q u i r e d  ( i . e . ,  e s s e n t i a l  f a t t y  a c i d s  
and p r o s t a g l a n d i n s )  i n  the  d i f f e r e n t i a t i o n  p rocess  have h i t h e r t o  not been 
ca t agor i zed .  I n  serum-free systems, ce l l s  t h a t  are " e s s e n t i a l  f a t t y  acid-poor" 
can be t r e a t e d  wi th  low l e v e l s  of a r ach idon ic  a c i d  t o  t es t  the  e f f e c t s  of 
membrane m o d i f i c a t i o n  on the  p o t e n t i a 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 .  

Numerous i n v e s t i g a t i o n s  have shown t h a t  chemical  supplements can e l i c i t  
human leukemia c e l l  d i f f e r e n t i a t i o n .  The e f f e c t  of t hese  induce r s  provides  
morphological  and biochemical markers f o r  c o r r e l a t i n g  c e l l  d i f f e r e n t i a t i o n  wi th  
m o d i f i c a t i o n s  of l i p i d  metabolism. In t h i s  r e g a r d ,  a c e l l  system i n  which 
markers  f o r  d i f f e r e n t i a t i o n  can be fol lowed p rov ides  a model f o r  s tudying  
l i p i d - r e l a t e d  biochemical even t s  du r ing  t h e  d i f f e r e n t i a t i o n  process .  
myeloid leukemia c e l l s  a r e  extremely u s e f u l  f o r  such s t u d i e s ;  t h e  c e l l s  can be 
induced t o  d i f f e r e n t i a t e  by a s e l e c t  number of compounds. 
components of c e l l u l a r  membranes t h a t  p lay  a r o l e  i n  f l u i d i t y ,  r e g u l a t i o n  of 
enzyme a c t i v i t y ,  t r a n s p o r t ,  and s t r u c t u r e ;  membranes are prime t a r g e t s  f o r  TPA 
(64-66).  The f a c t  t h a t  TPA, DMSO, and r e t i n o i c  a c i d  induce l i k e  morphological 
and biochemical  a l t e r a t i o n s  i n  HL-60 c e l l s ,  s u g g e s t s  t h a t  these  c e l l s  share  
common t a r g e t  s i t es  f o r  t he  induc t ion  process .  Although s e v e r a l  i n v e s t i g a t i o n s  
have sugges ted  that  t h e  c e l l  s u r f a c e  p l ays  an impor tan t  r o l e  i n  mechanisms 
a s s o c i a t e d  wi th  d i f f e r e n t i a t i o n  (67 ,  681, t h e r e  are few r e p o r t s  on changes of 
membrane components du r ing  c e l l u l a r  d i f f e r e n t i a t i o n .  The r e l a t i o n s h i p  of 
l i p i d s ,  t h e i r  composi t ional  and metabol ic  a s p e c t s ,  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  
h a s  r e c e i v e d  l i t t l e  a t t e n t i o n ,  mainly because of t h e  l a c k  of an  appropr i a t e  
system where in  mod i f i ca t ions  of l i p i d  metabolism can be c o r r e l a t e d  and t h e i r  
re levancy  e s t a b l i s h e d  i n  tandum wi th  the  appearance of d i f f e r e n t i a t i o n  markers. 

The evidence t h a t  r e t i n o i d s  a s  w e l l  as tumor promoters  enhance d e a c y l a t i o n  

€Ionma e t  a l .  (63)  

Human 

Lip ids  a r e  important  
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Our i n i t i a l  r e s u l t s  t h a t  document dramat ic  a l t e r a t i o n s  in l i p i d  metabolism 
o c c u r r i n g  i n  TPA-different ia ted human myeloid leukemia c e l l s  have been 
publ i shed  (30). 
t h e  a t t a c h e d  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 i m u l a t i o n  of phosphol ipid 
metabol ism before  the  markers  ( a t t achmen t ,  morphological  t r a n s f o r m a t i o n ,  lyso- 
zyme l e v e l s )  of d i f f e r e n t i a t i o n  a r e  expressed ,  enhanced i n c o r p o r a t i o n  of 
a c e 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  i n c r e a s e  i n  t h e  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  i n c o r p o r a t i o n  of [ l-14C]hexadecanol 
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 the r -con ta in ing  ana log ,  a l k y l d i a c y l g l y c e r o l s .  
Our more r e c e n t  s t u d i e s  (Cabot and Welsh, Cancer Res,, i n  p r e s s ,  Appendix I )  
have r e v e a l e d  t h a t  TPA t r ea tmen t  of HL-60 c e l l s  h a s  a profound e f f e c t  on f a t t y  
a c i d  metabolism. Most no tab ly  we found t h a t  c e l l s  t r e a t e d  wi th  TPA f o r  48 h r  
show a marked decrease  i n  stearoyl-CoA d e s a t u r a s e  a c t i v i t y .  Also,  a c y l  group 
a n a l y s e s  of l i p i d s  from u n t r e a t e d  and TPA-treated c e l l s  showed t h a t  t h e r e  were 
no d i f f e r e n c e s  i n  t h e  f a t t y  a c i d  p r o f i l e s  of phosphol ip ids ,  a l though  marked 
d i f f e r e n c e s  occurred i n  t h e  a c y l  group composition of t r i a c y l g l y c e r o l s  between 
c o n t r o l  and d i f f e r e n t i a t e d  c e l l s .  Thus i t  appea r s  t h a t  HL-60 c e l l s ,  d i f f e ren -  
t i a t e d  by TPA, can m a i n t a i n  membrane f l u i d i t y  parameters  t h a t  are c r u c i a l  t o  
c e l l u l a r  func t ion .  Our s t u d i e s  on f a t t y  a c i d  metabolism show t h a t  TPA causes 
a n  enhancement of f a t t y  a c i d  l a b e l i n g  from [14C]acetate;  t h e  mechanism of 
acetate i n c o r p o r a t i o n  i n t o  HL-60 u n d i f f e r e n t i a t e d  and TPA-di f fe ren t ia ted  c e l l s  
was no t  a s c e r t a i n e d .  The e x t e n t  of de novo s y n t h e s i s  vs cha in-e longat ion  of 
p r e e x i s t i n g  f a t t y  a c i d s  i n  induced and c o n t r o l  c e l l s  i s  a p o i n t  of i n v e s t i -  
g a t i o n  i n  t h e  p re sen t  proposa l .  In previous  s t u d i e s  w e  have shown t h a t  t he  
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  i s  h ighe r  i n  TPA-di f fe ren t ia ted  c e l l s  
(3.2-fold i n c r e a s e  over  c o n t r o l  wi th  8 x 10-l' M TPA). 
n e u t r a l  l i p i d s  was a l s o  v e r i f i e d  i n  experiments  us ing  r a d i o l a b e l e d  f a t t y  ac ids  
( p r e c u r s o r s  of a c y l  m o i e t i e s )  
the  pe rcen t  d i s t r i b u t i o n  of l i p i d  r a d i o a c t i v i t y  was h i g h e s t  i n  t h e  phospho- 
l i p i d s  ( c o n t r o l s ) ,  whereas i n  TPA-supplemented c e l l s ,  s u b s t a n t i a l l y  more l a b e l  
was a s s o c i a t e d  wi th  t r i a c y l g l y c e r o l s .  

We have r e c e n t l y  i n i t i a t e d  exper iments  u t i l i z i n g  DMSO and r e t i n o i c  a c i d  a s  
i n d u c t i o n  agents .  
i ncuba ted  i n  the  presence of inducer  f o r  6 days. 
t h a t  t h e  a c y l  group composi t ion of phosphol ip ids  i s  a l t e r e d ,  compared wi th  
u n d i f f e r e n t i a t e d  c e l l s .  
s i t i o n  of t h e  t r i a c y l g l y c e r o l s  between c o n t r o l  and induced cells .  Although 
t r i a c y l g l y c e r o l s  a r e  not  major membrane components, they may s e r v e  as f a t t y  
a c i d  s t o r e s .  This  i s  i n t e r e s t i n g  i n  l i g h t  of t h e  f a c t  t h a t  DMSO has been shown 
t o  a l t e r  membrane f l u i d i t y  i n  HL-60 c e l l s  ( 6 9 ) .  

accord ing  t o  t h e  procedure d e s c r i b e d  by Breitman e t  a l .  (44). 
c u r r e n t l y  i n  t h e i r  45th passage,  and t h e i r  f a t t y  a c i d  composi t ion i s  r e l a t i v e l y  
s imple compared t o  c e l l s  grown i n  serum-rich media. The most marked change i s  
t h e  near absence of po lyunsa tu ra t e s ;  16:O + 1 6 : l  + 18:l account  f o r  >80% of the  
t o t a l  a c y l  groups i n  phosphol ip ids  and t r i a c y l g l y c e r o l s .  I n d u c t i o n  of d i f f e r -  

The d a t a  and d e s c r i p t i o n  of t hese  experiments  can been seen i n  

Th i s  modulat ion i n  

In c e l l s  incubated  wi th  l a b e l e d  s t e a r i c  ac id ,  

The c e l l s  were c u l t u r e d  i n  media con ta in ing  serum and 
Our p re l imina ry  da t a  show 

Di f f e rences  were also found i n  t h e  a c y l  group compo- 

We have been s u c c e s s f u l  i n  c u l t u r i n g  HL-60 c e l l s  i n  serum-free media, 
The c e l l s  a r e  
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e n t i a t i o n  i n  these  c e l l s  by TPA, DMSO, and r e t i n o i c  a c i d  i s  c u r r e n t l y  being 
a s s e s s e d  by morphological  and biochemical  c r i t e r i a .  E a r l y  r e s u l t s  a r e  
encouraging with t h e  promise t h a t  t h e s e  c e l l s ,  wi th  a comparat ively s imple 
l i p i d  composition, w i l l  complement s t u d i e s  on l i p i d  requi rements  f o r  c e l l u l a r  
d i f f e r e n t i a t i o n .  
h a s  not y e t  been a s ses sed .  
t h e s e  c e l l s  (1.6 x 
p r i m a r i l y  of macrophage-like c e l l s  ( > 7 0 X ) .  

l i p i d  enzymology. 
exper ience  i n  t h e  f i e l d s  of l i p i d  metabol ism,  membrane b iochemis t ry  (membrane- 
enzyme-substrate i n t e r a c t i o n s ,  membrane m o d i f i c a t i o n ) ,  and t i s s u e  c u l t u r e .  My 
c o l l a b o r a t i v e  t i e s  w i th  D r .  E. Huberman (Oak Ridge Na t iona l  Laboratory;  Argonne 
a t  p r e s e n t )  were ex t remely  f r u i t f u l  i n  t h a t  my knowledge i n  t h e  a r e a s  of c e l l  
b io logy ,  tumor promotion, and c e l l u l a r  d i f f e r e n t i a t i o n  was f avorab ly  a ided .  As 
a resu l t  of my t r a i n i n g  and c u r r e n t  l a b o r a t o r y  environment I feel  we l l  
q u a l i f i e d  t o  pursue t h e s e  s t u d i e s .  The l a b o r a t o r y .  headed by D r .  Fred Snyder ,  
a t  t he  ORAU Medical and Hea l th  Sc iences  Div is ion ,  has  been a forerunner  i n  t h e  
a r e a  of l i p i d  metabolism, 
s p e c i a l i z e d  ana lyses  t h a t  are r e q u i r e d  t o  exp lo re  all f a c e t s  of l i p i d  
biochemist  r y  

The a c t i o n  of TPA on HL-60 c e l l s  grown i n  serum-free media 
We have conducted morphological  e v a l u a t i o n s  of 

K TPA, 48 h r )  and have shown t h e  popula t ion  t o  c o n s i s t  

I was t r a i n e d  i n  t h e  a r e a  of l i p i d  b iochemis t ry ,  and more s p e c i f i c a l l y .  
The p u r s u i t  of t h e s e  d i s c i p l i n e s  h a s  given me cons ide rab le  

The f a c i l i t y  i s  w e l l  equipped f o r  c a r r y i n g  ou t  t h e  

D. Methods 

1. Cell c u l t u r e  and 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  

a )  C e l l  c u l t u r e  

The EL-60 c e l l s  (701, which w e  are us ing ,  were o r i g i n a l l y  provided by 
Dr. R. C. Gal lo ,  Na t iona l  Cancer I n s t i t u t e ,  Bethesda, Maryland, and w e  ob ta ined  
t h e  c e l l s  d i r e c t l y  from D r .  E. Huberman, Biology Divis ion ,  Oak Ridge Na t iona l  
Laboratory.  
Lozzio,  Univers i ty  of Tennessee Memorial Research Center ,  Knoxvi l le ,  and Dr. D. 
Golde, UCLA School of Medicine,  Los Angeles,  CA. Cells w i l l  be main ta ined  i n  

f l a s k s  i n  a n  atmosphere of 5% C02 i n  a i r  a t  3 7 O C  us ing  RPMI-1640 medium 
con ta in ing  20% f e t a l  c a l f  serum and supplemented wi th  p e n i c i l l i n  (100 u n i t s / m l )  
and s t reptomycin (100 vg/ml) .  
media conta in ing  i n s u l i n  and t r a n s f e r r i n  as descr ibed  by Breitman e t  a l .  (44). 
In most experiments t h e  ce l l s  w i l l  be seeded a t  2-2.5 x lo6 c e l l s / f l a s k  and 
t r e a t e d  wi th  an inducer  t h e  same day o r  2 4  h r  later.  

The KG-1 and K562 leukemia l i n e s  w i l l  be provided by D r .  B. 

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) o r  c u l t u r e d  i n  7 5  cm 2 Falcon 

Serum-free c e l l s  w i l l  be grown i n  RPMI-1640 

b)  Induct ion  of d i f f e r e n t i a t i o n  

Cu l tu re  medium w i l l  be used  t o  make s e r i a l  d i l u t i o n s  of a TPA-DMSO s o l u t i o n  
and added t o  the  c e l l s  t o  provide  t h e  d e s i r e d  concen t r a t ions  of TPA (10-l' t o  

By t h i s  method DMSO does n o t  exceed 0.01% i n  t h e  growth f l a s k s ,  and 
t h e  concent ra t ion  i s  t h e r e f o r e  too  low t o  induce d i f f e r e n t i a t i o n ,  This 
procedure has  been r o u t i n e l y  employed ( 4 ,  3 0 ) .  
presence of TPA, w i l l  be c a r r i e d  ou t  f o r  48-72 h r .  

M ) .  

C e l l  i ncuba t ions ,  i n  t h e  
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Termins1 d i f f e r e n t i a t i o n  induced by DMSO (19 )  w i l l  be c a r r i e d  out  by incu- 
b a t i n g  c e l l s  for 6 days  i n  media c o n t a i n i n g  1.25% DMSO, and i n  a l i k e  manner 
f o r  c e l l s  grown i n  serum-free media (44). R e t i n o i c  a c i d  ( a l l - t r a n s - r e t i n o i c  
a c i d )  w i l l  be used t o  induce d i f f e r e n t i a t i o n  fo l lowing  the  procedure o u t l i n e d  
by Breitman e t  a l .  ( 6 4 ) .  
1 x M, f o r  6 days. Re t ino ic  a c i d  w i l l  f i r s t  be d isso lved  i n  9 5 %  e thanol  
and s e r i a l  d i l u t i o n s  i n t o  growth media made so t h a t  t he  e thanol  concen t r a t ion  
i s  no h i g h e r  t han  0.1% i n  t h e  c u l t u r e  f l a s k ;  c o n t r o l  f l a s k s  w i l l  r e c e i v e  
e thano l  on ly .  
hexamethylene-&-acetamide, and hypoxanth ine ,  w i l l  be c a r r i e d  ou t  accord ing  t o  
e s t a b l i s h e d  p ro toco l  (21 ) .  
actinomycin-D (5.0 ng/ml) f o r  6 days ;  a media change a t  4 days,  r ep laced  with 
f r e s h  media con ta in ing  induce r ,  i s  r e q u i r e d .  
mM) and hypoxanthine ( 5  mM) i n d u c t i o n  occur s  l i kewise  over a 6-day incuba t ion  
per iod.  

B r i e f l y ,  c e l l s  w i l l  be incubated wi th  r e t i n o i c  a c i d ,  

HI,-60 c e l l u l a r  d i f f e r e n t i a t i o n  induced by actinomycin-D, 

C e l l s  w i l l  be incuba ted  i n  the  presence of 

Hexamethylene-h-acetamide ( 2  

c )  Assessment of d i f f e r e n t i a t i o n  

Given t h a t  t h e r e  i s  some degree of v a r i a b i l i t y  between c e l l s  grown i n  
v a r i o u s  l a b o r a t o r i e s ,  d i f f e r e n t i a t i o n  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 -s ta ined  p repa ra t ions  and by e v a l u a t i o n  
of e s t a b l i s h e d  markers  for myeloid d i f f e r e n t i a t i o n .  
t i a t i o n  w i l l  be based on t h e  percentage  of myelocytes ,  metamyelocytes, and 
banded and segmented n e u t r o p h i l s  VS. t h e  c o n t r o l  populat ion t h a t  c o n s i s t s  
p r i m a r i l y  of promyelocytes (90%). TPA-induced d i f f e r e n t i a t i o n  w i l l  be a s ses sed  
by t h e  percentage  of macrophage-like ce l l s  r e s u l t i n g  a t  the end of t rea tment .  
Other c r i t e r i a  w i l l  inc lude  c e l l  a t tachment  t o  t h e  substratum, and c e s s a t i o n  of 
growth. Biochemical markers f o r  d i f f e r e n t i a t i o n  inc lude  NBT dye r educ t ion  (21, 
7 1 ) ,  phagocytos is  of Candida a l b i c a n s  ( 2 1 ) ,  lysozyme r e l e a s e  (721, 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  macrophage 
d i f f e r e n t i a t i o n  produced (73) .  

Morphological d i f f e r e n -  

d )  I s o l 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  

Plasma membranes w i l l  be i s o l a t e d  f o l l o w i n g  a published p ro toco l  s p e c i f i c  
f o r  EIL-60 c e l l s  ( 6 9 ) .  
desc r ibed  f o r  guinea p i g  polymorphonuclear leukocytes  (74) .  
employs t h e  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  
fol lowed 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 .  
of o t h e r  s u b c e l l u l a r  o r g a n e l l e s  i s  main ta ined .  
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 a s s a y  of c l a s s i c a l  marker enzymes: NADPH 
cytochrome c r educ ta se  f o r  microsomes (75) ; monoamine oxidase f o r  mitochondria  
(76)  ; B+-acetylglycosaminidase f o r  lysosomes (77)  5'-nucleotidase (78) and 
(Na' p l u s  K+)-ATPase (79) f o r  plasma membranes; and l a c t a t e  dehydrogenase f o r  
t h e  s o l u b l e  f r a c t i o n  ( 8 0 ) .  

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

By t h i s  method t h e  i n t e g r i t y  
The p u r i t y  of t he  s u b c e l l u l a r  

2. L i p i d  analyses 

C e l l u l a r  l i p i d  composition w i l l  be compared i n  uninduced and induced leuke- 
m i a  c e l l s  wi th  s p e c i a l  regard  t o  amount and t y p e s  of phosphol ipids ,  (chol ine- ,  
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ethanolamine-,  serine-, and i n o s i t o l - c o n t a i n i n g ) ,  n e u t r a l  l i p i d s  ( s t e r o l s ,  
t r i a c y l g l y c e r o l s ,  a l k y l d i a c y l g l y c e r o l s ,  c h o l e s t e r o l  e s t e r s ) ,  and a c y l  group 
composi t ions of t h e  g l y c e r o l i p i d s .  L i p i d s  w i l l  be e x t r a c t e d  from con t ro l  and 
d i f f e r e n t i a t e d  c e l l s  by a modif ied method of Bl igh and Dyer (81) i n  which the  
methanol con ta ins  2% g l a c i a l  a c e t i c  a c i d .  Both n e u t r a l  and p o l a r  l i p i d s  can be 
r e so lved  by th in - l aye r  chromatography i n  a v a r i e t y  of so lven t  systems ( 8 2 ) .  
Neutra l  l i p i d s  w i l l  be s e p a r a t e d  on l a y e r s  of S i l i c a  G e l  G and phosphol ipids  
r e so lved  on S i l i c a  Gel HR. 
w i l l  be used f o r  i d e n t i f i c a t i o n  of l i p i d  c l a s s e s .  Q u a n t i t a t i v e  a n a l y s i s  of 
th in- layer - reso lved  l i p i d s  i s  accomplished by H2SO4 c h a r r i n g  of t he  chromato- 
p l a t e s  (pre-run i n  d i e t h y l e t h e r  , 100%) a t  2OO0C f o l l a r e d  by photodensitometry 
accord ing  t o  P r i v e t t  e t  a l .  (83) .  This  method w i l l  be used t o  determine the  
c o n t r i b u t i n g  amounts of s t e r o l s ,  t r i a c y l g l y c e r o l s ,  a l k y l d i a c y l g l y c e r o l s ,  and 
c h o l e s t e r o l  e s t e r s  t o  t h e  t o t a l  l i p i d  f r a c t i o n .  T o t a l  phosphol ip ids  a r e  
q u a n t i t a t e d  by measuring phosphol ip id  phosphorus (841,  and i n  a l i k e  manner, 
phosphorus of t he  v a r i o u s  phosphol ip id  c l a s s e s  w i l l  be determined d i r e c t l y  by 
a n a l y s i s  of H2S04-charred l i p i d s .  Acyl group composition w i l l  be analyzed i n  
phosphol ip ids  ( t o t a l  and i n d i v i d u a l  c l a s s e s )  and t r i a c y l g l y c e r o l s  by f i r s t  
i s o l a t i n g  l i p i d s  on p r e p a r a t i v e  th in- layer  chromatographic p l a t e s .  
l i p i d s ,  t r i a c y l g l y c e r o l s ,  a l k y l d i a c y l g l y c e r o l s ,  and c h o l e s t e r o l  e s t e r s  a r e  
sepa ra t ed  on chromatopla tes  developed i n  hexane/diethylether/acetic a c i d  
(80:ZO:l). Methyl e s t e r s  w i l l  be prepared by r e f l u x i n g  t h e  l i p i d s  i d  methanol 
c o n t a i n i n g  2% E2SO4 a t  100°C (85)  and analyzed by gas- l iqu id  chromatography a s  
desc r ibed  by Blank and Snyder (86) and Blank e t  a l .  ( 5 3 ) .  
based on weight 'percent  u s ing  a Hewlett-Packard r eco rd ing  i n t e g r a t o r .  
A d d i t i o n a l l y ,  t he  p o s i t i o n a l  s p e c i f i c i t y  of t he  f a t t y  a c i d s  i n  t h e  major 
phosphol ip id  c l a s s e s  w i l l  be determined by gas- l iqu id  chromatography a f t e r  
t r ea tmen t  of t he  i s o l a t e d  phosphol ip ids  wi th  phosphol ipase A2 (57 ) .  

A comparison of Rf va lues  wi th  commercial s tandards 

Phospho- 

Quan t i t a t ion  w i l l  be 

3. L ip id  metabol ic  s t u d i e s  

a) F a t t y  a c i d  metabol ism 

F a t t y  a c i d  d e s a t u r a s e  a c t i v i t y  i n  u n d i f f e r e n t i a t e d  and d i f f e r e n t i a t e d  c e l l s  
w i l l  be assayed i n  whole c e l l s  (53 )  o r  c e l l - f r e e  homogenates (87). B r i e f l y ,  
c o n t r o l  cel ls  and induced c u l t u r e s  w i l l  be incubated  wi th  [ l -14C]stear ic  ac id  
f o r  1-2 hr. Methyl e s t e r s  a r e  then  prepared from the  l i p i d  e x t r a c t s  of har- 
v e s t e d ,  washed c e l l s ,  and sepa ra t ed  accord ing  t o  the  degree of unsa tu ra t ion  on 
AgN03-impregnated th in - l aye r  p l a t e s  (88) .  
be v i s u a l i z e d  with 2',7'-dichlorofluorescein and scraped f o r  r a d i o a c t i v e  anal- 
y s i s  by l i q u i d  s c i n t i l l a t i o n  spectrometry.  The c e l l  f r e e  system w i l l  cons i s t  
of microsomes (0.2-1.0 mg p r o t e i n )  from c o n t r o l  or induced c e l l s ,  0.1 M Tris- 
H C l  b u f f e r ,  pH 7 . 2 ,  30-70 U M  [l-14C]steaoyl-CoA, and 0.4 mM NADPH. 
5-min incuba t ion  a t  3OoC, t h e  r e a c t i o n  i s  sapon i f i ed ,  a c i d i f i e d ,  and methylated 
f o r  t h in - l aye r  a n a l y s i s .  
NADPH wi th  an  NADPH-generating system ( 1  mM NADP', 3 mM &SO4, 10 mH 
glucose-6-P, excess  glucose-6-P dehydrogenase). To e v a l u a t e  t h e  e f f e c t s  of 
d i f f e r e n t i a t i o n  on both  f a t t y  a c i d  e longa t ion  and d e s a t u r a t i o n ,  con t ro l  and 

Bands corresponding t o  monoenes w i l l  

Af te r  a 

An a l t e r n a t e  method of assay  employs replacement of 
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induced c e l l s  w i l l  be incubated  wi th  [ l -14C]palmit ic  a c i d  f o r  1 h r  and t h e  
m e t a b o l i c  products  i n  t h e  l i p i d  e x t r a c t s  from ce l l s  analyzed by combined gas- 
l i q u i d  chromatography and c o l l e c t i o n  of I4CO2 as descr ibed  by Blank e t  a l .  
(53). 
Immature leukemic b l a s t  c e l l s  c o n t a i n  acetyl-coA carboxylase and are capab le  of 
f a t t y  a c i d  s y n t h e s i s  de novo; however, human l eukocy tes  l ack  acetyl-coA 
carboxylase  and i n c o r p o r a t e  a c e t a t e  i n t o  f a t t y  a c i d s  v i a  cha in  e l o n g a t i o n  (38, 
8 9 ) .  Th i s  i n t e r e s t i n g  c o n t r a s t  between immature and d i f f e r e n t i a t e d  c e l l s  can 
be employed a s  a marker f o r  d i f f e r e n t i a t i o n .  For t h i s  reason ,  f a t t y  a c i d  
s y n t h e s i s ,  de novo, and by c h a i n  e l o n g a t i o n  w i l l  be assayed i n  c o n t r o l  and 
d i f f e r e n t i a t e d  p ro to types .  I n t a c t  c e l l s  w i l l  be incubated  i n  r e g u l a r  media 
c o n t a i n i n g  serum, o r  f o r  s h o r t  l a b e l i n g  p e r i o d s ,  washed and resuspended i n  
serum-free media. [ I -  CIAcetate  (10 P C i / f l a s k )  w i l l  be in t roduced  and 
incuba ted  f o r  pe r iods  up t o  24 hr.  A l iquo t8  of c e l l u l a r  t o t a l  l i p i d s  a r e  t h e n  
hydro lyzed  i n  2 N metbanol ic  KOE f o r  2 h r  a t  7OoC and sub jec t ed  t o  Schmidt 
d e g r a d a t i o n  by t h e  method of Brady e t  a l .  ( 9 0 ) .  This  technique ,  which removes 
t h e  cabonyl carbon of f a t t y  a c i d s  (C-1) i s  used t o  d i s t i n g u i s h  between de novo 
f a t t y  a c i d  s y n t h e s i s  and c h a i n  e longa t ion .  
a c i d  f r a c t i o n  w i l l  t h e n  be compared w i t h  t h e  percentage  evolved a s  14C02 from 
t h e  C-1 p o s i t i o n .  The o v e r a l l  c a p a c i t y  of u n d i f f e r e n t i a t e d  and induced c e l l s  
t o  s y n t h e s i z e  f a t t y  a c i d s  w i l l  be t e s t e d  i n  c e l l - f r e e  e x t r a c t s  u s i n g  t h e  
r a d i o i s o t o p i c  method desc r ibed  f o r  d e t e r m i n a t i o n  of f a t t y  a c i d  syn thase  
a c t i v i t y  (91) .  
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R a d i o a c t i v i t y  i n  t h e  t o t a l  f a t t y  

b)  Acyl group m o d i f i c a t i o n  of c e l l u l a r  l i p i d s  

The e f f e c t s  of a l t e r i n g  membrane f l u i d i t y  on t h e  p o t e n t i a t i o n  of i n d u c t i o n  
w i l l  be t e s t e d  on c e l l s  grown i n  media c o n t a i n i n g  supplemented f a t t y  a c i d s .  
Cells grown i n  serum-containing o r  serum-free media can be manipulated t o  f avor  
a c y l  group enrichment wi th  a p a r t i c u l a r  f a t t y  a c i d  (48, 5 6 ,  57,  92-96 ) .  
C u l t u r i n g  c e l l s  i n  serum-free media d r a s t i c a l l y  a l ters  the a c y l  group 
composi t ion of t h e  g l y c e r o l i p i d s  (see Pre l imina ry  S t u d i e s ) .  Because t h e  
e f f e c t s  of serum removal on c e l l  d i f f e r e n t i a t i o n  a r e  not wel l  unders tood ,  w e  
w i l l  c a r r y  out our i n i t i a l  supplementa t ion  s t u d i e s  on c e l l s  grown i n  
serum-containing media. Thus, any d i f f e r e n c e 8  noted i n  t h e  course of i n d u c t i o n  
c a n  be a s c r i b e d  t o  t h e  enrichment r a t h e r  t han  a combination of a c y l  group 
enrichment  and serum d e p r i v a t i o n .  
of membrane mod i f i ca t ion ;  t h e r e f o r e ,  w e  a n t i c i p a t e  t h a t  a 24-hr exposure t o  
f a t t y  a c i d s  (3-10 pg/ml growth media) w i l l  be s u f f i c i e n t  t o  accomplish 
enrichment .  F a t t y  a c i d s  ( s t e a r i c  and a r a c h i d o n i c )  w i l l  be in t roduced  a s  t h e  
Na+ soaps and phosphol ip id  a c y l  groups w i l l  be analyzed t o  determine t h e  
m o d i f i c a t i o n s  achieved  (57). Once a dose-response r e l a t i o n s h i p  and t o x i c i t y  
l e v e l s  have been e s t a b l i s h e d ,  t h e  e n r i c h e d  c e l l s  w i l l  be exposed t o  i n d u c e r s ,  
and t h e  t ime course f o r  d i f f e r e n t i a t i o n ,  based on morphological and biochemical  
c r i t e r i a ,  w i l l  be determined. Breitman e t  al. (44) have shown t h a t  HL-60 c e l l s  
grown i n  s e r m - f r e e  media can  be induced t o  d i f f e r e n t i a t e  i n  t h e  presence  of 
1.2% DMSO; we have p re l imina ry  d a t a  t h a t  shows t h e  same occurs  wi th  TPA (1.6 x 

t o  c o r r e l a t e  t h e  i n d u c t i v e  e f f e c t s  of DMSO and TPA on c e l l s  c u l t u r e d  i n  
serum-free media c o n t a i n i n g  e i t h e r  s t e a r i c  o r  a r ach idon ic  a c i d s .  Radio labe led  

We have cons ide rab le  exper ience  i n  t h e  area 

M) . Therefore ,  w e  w i l l  employ c e l l s  grown i n  serum-free media as  c o n t r o l s  
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s t e a r i c  and a rach idon ic  a c i d s ,  incubated  wi th  c e l l s  f o r  24 h r ,  w i l l  be used a s  
t r a c e r s  t o  determine the  d i s t r i b u t i o n  of f a t t y  a c i d  supplements i n  plasma 
membrane and nuc lear  f r a c t i o n s .  

c )  Phosphol ipid metabolism i n  TPA-susceptable and TPA-resistant l i n e s  

Because modi f ica t ions  of phosphol ipid metabolism a r e  the  e a r l i e s t  l i p i d  
changes occur r ing  a f t e r  TPA supplementat ion of HL-60 c e l l s ,  w e  w i l l  eva lua te  
t h e  u t i l i z a t i o n  of 32P,[ 
c e l l u l a r  phosphol ipids .  
c e l l  l i n e s  t h a t  undergo macrophage d i f f e r e n t i a t i o n  a f t e r  TPA exposure,  and TPA 
r e s i s t a n t  c e l l s  (IC562 and KG-la) t h a t  do not e x p r e s s  macrophage c h a r a c t e r i s t i c s  
i n  t h e  presence of TPA (36). Informat ion  from t h e s e  experiments  w i l l  be use fu l  
i n  de te rmining  whether TPA e x e r t s  d i r e c t  a c t i o n  on phosphol ipid metabolism or  
i f  l i p i d  mod i f i ca t ions  a r e  l i n k e d  t o  the  d i f f e r e n t i a t i o n  process .  

14 3 C lcho l ine ,  and Hlmethionine f o r  t h e  metabolism of 
For t h e s e  experiments  w e  w i l l  u t i l i z e  HL-60 and KG-1 

d )  Metabolism of p ros t ag land in  p r e c u r s o r s  

Our s t u d i e s  on p ros t ag land in  metabolism i n  u n d i f f e r e n t i a t e d  and 
d i f f e r e n t i a t e d  c e l l s  w i l l  c e n t e r  on t h e  a s s i m i l a t i o n  of l abe led  p ros t ag land in  
p r e c u r s o r s  ( l i n o l e i c  and a rach idon ic  a c i d s ) ,  and t h e  l e v e l s  of phosphol ipase A2 
a c t i v i t y  i n  c e l l s .  
i ncuba ted  wi th  con t ro l  and induced c e l l s  t o  e s t a b l i s h  the  t i m e  course of uptake 
and t h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  c e l l u l a r  phosphol ipids  (chol ine-  , 
ethanolamine-,  i n o s i t o l - ,  and se r ine -con ta in ing  g lycerophosphol ip ids)  and 
t r i a c y l g l y c e r o l s .  
c o n t r o l  and d i f f e r e n t i a t e d  c e l l s  p r e l a b e l e d  wi th  a rach idon ic  a c i d  accord ing  t o  
t h e  procedure descr ibed  by Bonser e t  a l .  (60) . B r i e f l y ,  c e l l  c u l t u r e s  w i l l  be 
incuba ted  wi th  [l-14Clarachidonic a c i d  (0 -1 u C i / m l  c u l t u r e  media) . 
l a b e l e d  c e l l s  a r e  then  resuspended i n  a s say  b u f f e r  (50 mM T r i s - H C 1 ,  pH 7.4, 
c o n t a i n i n g  100 mM NaC1, 1.4 mM CaC12 ,  and 0.7 mM MgC12). 
suspens ions  ( 5  x 10 c e l l s / m l )  are t h e n  incubated  with or  wi thout  10 1JM calcium 
ionophore A23187 f o r  5 min a t  37OC. 
mix tu re  w i l l  t hen  be assayed f o r  f r e e  a rach idona te  by th in- layer  
chromatography. Pre labe led  c e l l s  w i l l  f i r s t  be analyzed t o  determine t h e  
d i s t r i b u t i o n  of l abe led  a rach idona te  i n  each of t h e  phosphol ipid classes. 
t h i s  means w e  can c o r r e l a t e  t h e  appearance of f r e e  a rachidonic  a c i d  wi th  
d e p l e t i o n  of r a d i o a c t i v i t y  i n  t h e  p a r t i c u l a r  phosphol ipid c l a s s e s .  
c o n t r i b u t i o n  of phospholipase C and n e u t r a l  g l y c e r i d e  l i p a s e  t o  a rach idon ic  
a c i d  release ( 9 7 ,  98) and p r o s t a g l a n d i n  product ion  w i l l  be a s ses sed  by 
measuring r a d i o a c t i v i t y  i n  p h o s p h a t i d y l i u o s i t o l  and d i a c y l g l y c e r o l  f r a c t i o n s  
from u n d i f f e r e n t i a t e d  and d i f f e r e n t i a t e d  c e l l s .  Another f a c t o r  t h a t  may 
i n f l u e n c e  t h e  metabolism of p r o s t a g l a n d i n  p recu r so r s  i n  c o n t r o l  and 
induce r - t r ea t ed  c e l l s  i s  the  a c t i v i t y  of t he  A6 desa tu rase ,  a n  enzyme t h a t  i s  
l o s t  i n  t ransformed c e l l s  (99). The e x t e n t  t o  which t h i s  desa tu rase  in f luences  
p r o s t a g l a n d i n  product ion w i l l  be e v a l u a t e d  i n  t r e a t e d  (TPA, DMSO, r e t i n o i c  
a c i d )  and c o n t r o l  c e l l s  by de te rmining  t h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  
f a t t y  a c i d s  from c e l l s  incubated  wi th  l a b e l e d  l i n o l e a t e  18:2 (11-61. 

[ l-14C]Linoleic a c i d  o r  [ l-14C]arachidonic a c i d  w i l l  be 

The l e v e l  of phosphol ipase A2 a c t i v i t y  w i l l  be assayed i n  
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D iacy lg lyce ro l  a c y l t r a n s f e r a s e  w i l l  be a s sayed  u s i n g  microsomes a s  t h e  
enzyme source  i s o l a t e d  from c o n t r o l  and d i f f e r e n t i a t e d  c e l l s  acco rd ing  t o  
e s t a b l i s h e d  procedures  (100, 101). Measurement of t h e  enzyme a c t i v i t y  w i l l  
a l s o  be c a r r i e d  o u t  u t i l i z i n g  endogenous d i a c y l g l y c e r o l s .  B r i e f l y .  microsomal 
f r a c t i o n s  w i l l  be incuba ted  wi th  phosphol ipase C (102) t o  gene ra t e  endogenous, 
membrane-bound d i a c y l g l y c e r o l s .  These microsomes (0.2-0.4 mg p r o t e i n )  w i l l  
t hen  be incuba ted  a t  37OC i n  medium c o n t a i n i n g  50 mM NaF 
t h r e i t o l ,  bovine serum albumin ( 5  mg/ml) and 0.1 mM [l-14C]palmitoyl-CoA. 
t e r m i n a t i o n  t h e  l i p i d s  w i l l  be e x t r a c t e d  from t h e  r e a c t i o n  mix tu re  and radio-  
l a b e l e d  t r i a c y l g l y c e r o l s  s epa ra t ed  by th in - l aye r  chromatography. 
a c i d  phosphohydrolase a c t i v i t y  w i l l  be measured by adding  a n  exogenous 
d i s p e r s i o n  of phospha t id i c  a c i d  t o  t h e  microsomal o r  s o l u b l e  f r a c t i o n  from 
c o n t r o l  o r  d i f f e r e n t i a t e d  c e l l  p r e p a r a t i o n s  (103, 104). An a l te rna te  a s say  

14 method w i l l  employ microsomal-bound [ Clphospha t ida t e  a8 s u b s t r a t e  (103) .  
Cholinephosphotransferase (CDP-choline:1,2-diacylglycerol phos hochol ine-  
t r a n s f e r a s e )  w i l l  be assayed  by i n c o r p o r a t i o n  of phospho-[&-l&]choline i n t o  
phospha t idy lcho l ine  from CDP-[&-14C]choline. The procedure desc r ibed  by Weise 
e t  a l .  (105) and modi f ied  by Vance and Burke (106) w i l l  be used i n  t h e  a s say  of 
t h i s  enzyme. 

2.0 mM d i t h i o -  
Upon 

Phosphat id ic  

4. 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  acco rd ing  t o  t h e  
o r d e r  o u t l i n e d  (pp.18-22). However, p re l imina ry  d a t a  w i l l  be ob ta ined  through 
l i p i d  composi t iona l  s t u d i e s  of c e l l s  t r e a t e d  w i t h  t h e  v a r i o u s  i n d u c t i o n  agen t s ,  
and t h e s e  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  d e c i s i o n s  so t h a t  emphasis can be 
p laced  on mechan i s t i c  s t u d i e s  such as  s u b c e l l u l a r  s i t e  of a c t i o n ,  l i p i d  
enzymology. and t h e  r o l e  of serum and e s s e n t i a l  f a t t y  a c i d s .  

T ime  t a b l e  

F i r s t  Year: We w i l l  concen t r a t e  our  e f f o r t s  on determining  t h e  l i p i d  
composi t iona l  changes a s s o c i a t e d  wi th  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  
u t i l i z i n g  t h e  v a r i o u s  agen t s .  Close s c r u t i n y  w i l l  be g iven  t o  assessment  of 
d i f f e r e n t i a t i o n  (morphological  and biochemical  c r i te r ia )  so t h a t  t h e  dynamics 
of l i p i d  a l t e r a t i o n s  can  be c o r r e l a t e d  wi th  t h e  induce r  and degree of 
d i f f e r e n t i a t i o n .  Recrui tment  and t r a i n i n g  of a t e c h n i c i a n  w i l l  be undertaken 
d u r i n g  t h e  f i r s t  6 months. 

Second Year: S t u d i e s  w i l l  be i n i t i a t e d  u s i n g  ce l l s  grown i n  serum-free 
media and r e s u l t s  compared w i t h  da t a  de r ived  from serum-grown ce l l s  i n  o rde r  t o  
assess t h e  e f f e c t  of serum d e p r i v a t i o n  on 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 .  
A l l  l i p i d  composi t iona l  s t u d i e s  w i l l  be completed by t h e  end of yea r  2. We 
w i l l  s t a r t ,  and cont inue  throughout t h e  remainder of e n t i r e  g r a n t  pe r iod ,  
e v a l u a t i o n  of l i p i d  metabolism i n  human leukemia c e l l  l i n e s  t h a t  are e i t h e r  
r e s i s t a n t  o r  s u s c e p t i b l e  t o  TPA ac t ion .  

2 2  
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Third Year: We w i l l  i n i t i a t e  and complete s t u d i e s  u t i l i z i n g  l a b e l e d  l i p i d  
p recu r so r s  t o  determine tu rnove r  r a t e s  of t he  v a r i o u s  components of c e l l u l a r  
l i p i d s  ( a c y l  groups, po la r  head groups,  g l y c e r o l  backbone). These d a t a ,  
t oge the r  with t he  composi t ional  s t u d i e s  w i l l  s e t  t h e  groundwork f o r  mechan i s t i c  
s t u d i e s  t o  p inpoin t  enzymatic mod i f i ca t ions .  Uptake and u t i l i z a t i o n  of l abe led  
l i p i d  p recu r so r s  w i l l  be c l o s e l y  a s s e s s e d  f o r  a l l  t h e  exper imenta l  i n d u c t i o n  
agen t s .  

Fourth year:  We w i l l  i n i t i a t e  a s p e c t s  of f a t t y  a c i d  metabolism: 
d e s a t u r a t i o n ,  e longa t ion ,  de novo s y n t h e s i s .  Enzymatic s t u d i e s  w i l l  be 
cont inued  t o  inc lude  examinat ion of those  a c t i v i t i e s  o u t l i n e d  i n  Aims. We w i l l  
i n i t i a t e  and complete a s p e c i f i c  s tudy  of l i n o l e i c  and a r a c h i d o n i c  a c i d  
metabolism i n c l u s i v e  of phosphol ipase  Ap a c t i v i t y  and p r o s t a g l a n d i n  product ion.  

F i f t h  year:  The e f f e c t s  of membrane m o d i f i c a t i o n  on 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  be s t u d i e d  by u t i l i z i n g  c e l l s  grown i n  serum-free media 
wi th  or without  supplemented f a t t y  a c i d s .  As t h e  s p e c i f i c  format  f o r  
experiments  o u t l i n e d  may lend  i t s e l f  t o  s t u d i e s  aimed a t  t h e  involvement of 
plasma and nuc lear  membrane l i p i d s  and d i f f e r e n t i a t i o n ,  we w i l l ,  throughout  t h e  
e n t i r e  funding pe r iod ,  e x p l o r e  t h e  e f f e c t s  of i n d u c t i o n  on l i p i d  composi t ion of 
s u b c e l l u l a r  f r a c t i o n s  t o  determine which s u b c e l l u l a r  f r a c t i o n s  a r e  t a r g e t s  f o r  
change. 

E. Human s u b j e c t s ,  de r ived  m a t e r i a l s  o r  d a t a  

The b i o l o g i c a l  m a t e r i a l s  used i n  t h i s  s tudy  c o n s i s t  of c u l t u r e d  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. 
s a t i s f a c t o r i l y  equipped t o  h a n d l e  and d ispose  of t h i s  m a t e r i a l  i n  a s a f e  
fash ion .  

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

F. Laboratory animals  

None. 

G. Consul t a u t  

We have working arrangements  w i th  a number of s c i e n t i s t s  o u t s i d e  our  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  (Dr. E. Buberman, Argonne, Chicago),  o rgan ic  
chemists  ( D r .  C. P i an tados i ,  U n i v e r s i t y  of North Caro l ina ,  Chapel H i l l ) ,  and 
mass spectroscopy (Dr. W. Rainey, Oak Ridge Na t iona l  Laboratory) .  
Lozzio,  Univers i ty  of Tennessee Memorial Reseach Center ,  has  g rac ious ly  agreed 
t o  provide leukemia c e l l  l i n e s  t h a t  are e i t h e r  r e s i s t a n t  o r  s u s c e p t i b l e  t o  TPA 
a c t i o n .  
problems t h a t  may arise. 

D r .  Gayle L i t t l e f i e l d ,  head of t h e  Cytogenet ics  Department of our Div i s ion ,  
h a s  agreed t o  a i d  i n  t h e  morphological  assessment  of inducer - t rea ted  c e l l s .  
curr iculum v i t a e  f o r  Dr. L i t t l e f i e l d  i s  Appendix 11. 

Dr. B. 

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  s o l v i n g  some of t h e  s p e c i a l i z e d  

A 
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H. Consortium arrangements or  formalized c o l l a b o r a t i v e  agreements 

None. 
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PROJECT NUMBER 

I 

NAME AND ADDRESS O F  APPLICANT ORGANIZATION ( S m e  a s  I t ~ m  I I, pope I 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 
TITI F OF APPLICATION ( S a m e  a s  I tem I ,  pope 1 )  . . . -_ -. 
L I P I D  METABOLISM AND DIFFERENTIATORS OF LEUKEMIA 
Nome, T i t le  and Doporrment o f  0 1 1  profesrionol personnel ongogod on project, beginning with Principol Invostigotor/Pr 

ogrom Director 

Mylec C. Cabot,  Ph.D., Biochemist ,  B io log ica l  Chemistry, Medical and Heal th  Sciences Division 

ABSTRACT OF RESEARCH PLAN: Concisely describo the application’s spocific a i m s ,  methodology ond long-term obiectivos, moking roforence to 
tho sciontific disciplines involved and tho hcolth-relotedness of tho proiect. The obstroct should bo solf-contained so thot i t  con sorvo os a succinct 
ond O C C U ~ O ~ O  description of the opplicotion when aoporotod from it. DO NOT EXCEED THE SPACE PROVIDED. 

~~~ 

The poten t  tumor promoter,  12-~-tetradecanoylphorbol-13-acetate (TPA) , and t h e  
coEpounds d i n e t h y l  su l fox ide  (DI-EO) and r e t i n o i c  a c i d  have been shown t o  induce 
no rcho log icz l  and f u n c t i o n z l  d i f f e r e n t i a t i o n  of hunan leukeEia c e l l s  (HL-6G). 
S i g n i f i c a n t  E o d i f i c a t i o n s  of l i p i d  metabolism accompany t h e  induc t ioo  of 
d i f f e r e n t i a t i o n ,  a l though it  i s  not known whether the  l i p i d  changes a r r i s i n g  
du r ing  t h i s  process  a r e  comnon t o  d i f f e r e n t i a t i o n  o r  v a r i e d  and dependent upon 
the  type  of inducer  employed. We have shown t h a t  t reatment  of HL-60 c e l l s  wi th  
TPA e l i c i t s  s t i m u l a t i o n  of phosphat idylchol ine  metabolism, inc reases  
t r i a c y l g l y c e r o l  s y n t h e s i s ,  decreases  stearoyl-Cok desa tu rase  a c t i v i t y  and 
mod i f i e s  t he  f a t t y  a c i d  composition of t r i a c > - l g l y c e r o l s .  
promoter,  TPA, p o l a r  p lanar  conipounds (DPISO, hexamethylene bisacetamide)  , 
r e t i r i o i c  z c i d ,  and c e r t a i n  pu r ines ,  p a r t i c u l a r l y  hypoxanthine and the  
chemotherapeut ic  a g e n t ,  actinomycin-D, w e  w i l l  be a b l e  t o  c o r r e l a t e  the 
dynamics of l i p i d  metabolism wi th  c e l l u l a r  d i f f e r e n t i a t i o n .  HL-60 c e l l s  w i l l  
be c u l t u r e d  e i t h e r  i n  the  presence o r  absence of serum, exposed t o  inducers  of 
d i f f e r e n t i a t i o n  and r igo rous ly  c h a r a c t e r i z e d  u s i n g  morpholo&icel and 
biochemical  c r i t e r i a .  To ta l  l i p i d s  i s o l a t e d  from con t ro l  and d i f f e r e n t i a t e d  
c e l l s  w i l l  be e x t e n s i v e l y  analyzed. 
c e l l s  w i l l  guide t h e  format of experiments  designed t o  de t e rn ine  the  mechanisms 
r e s p o n s i b l e  f o r  the changes, i .e. ,  uptake r a t e s  and a s s i m i l a t i o n  of l abe led  
p r e c u r s o r s ,  a c t i v i t i e s  of the  s y n t h e t i c  and degrada t ive  enzynes. 
t h r u s t  of t h i s  s tudy w i l l  be t o  compare inducer  e f f e c t  on c e l l s  grown i n  the  
presence  and absence of serum. 
mod i f i e s  t h e  acy l  group composition ce l lu la r  l i p i d s  and will p o t e n t i a t e  s t u d i e s  
c o r r e l a t i n g  inducer  c a p a b i l i t i e s  w i th  l i p i d  composition; nanely,  what r o l e  do 
e s s e n t i a l  f a t t y  a c i d s  and menbrane composi t ion p l a y  i n  the  process  of 
i nduc t ion .  
i n t o  t h e  r e l a t i o n s h i p  of l i p i d s  t o  c e l l u l a r  d i f f e n t i a t i o n .  

By us ing  the  t w o r  

A l t e r a t i o n s  noted i n  l i p i d  composition of 

A major 

The l a t t e r  method of c e l l  c u l t u r e  g r e e t l y  

The u l t i m a t e  o b j e c t i v e  i s  t o  more f u l l y  explore  and ga in  i n s i g h t  

LABORATORY ANIMALS INVOLVED. Identify by common nomos. If nono, stat. “none” 
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b 1 ,  L 

P R I N C I P A L  INVESTIGATOR/PROCRAM DIRECTOR: CI\BOT, Myles C. 

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

Number poges consecu t i ve l y  o t  the bottom throughout the oppl icot ion.  PO no t  use su f f i xes  such as 
50,  5 b .  ,Type the name o f  the P r i n c i p a l  Invest igotor/Progrom D i rec to r  ot the top o f  eoch p r i n t e d  page 
ond eoch cont inuot ion poge. 

SECTION 1. PAGE NUMBERS 

Face Page, Abstract, Table of  Contents .............................................. 
Detailed Budget for First 12 Month Budget Period ..................................... 
Budget Estimates for A l l  Years of Support ............................................ 
Biographicol Sketch-Principal lnvestigator/Progrom Director (Not to exceed two poges). .... .- 

Other Biographical Sketches (Not to exceed two pages for eoch).. ....................... 
Other Support ..................................................................... __ 
Resources and Environment __ 

1-3 
4 
5 

__ 

........................................................ 
SECTION 2. 

Introduction (Excess poges; revised and supplement01 opplicotions) . . -. . . 
Research Plan ' 

A. Specific Aims (Not to exceed one poge) ....................................... 
B. Significonce (Not to exceed three poges). ...................................... 
C. Progress Report/Prel iminory Studies (Nat to exceed eight poges) ................. 
D. Methods ................................................................... 
E. Human Subiects, Derived Mattr io ls or Data.. .......................... .;. .... :. 
F. Laboratory Animols ......................................................... 
G. Consultants.... ............................................................ 
H. Consortium Arrangements or Formolized Collaborative Agreements ................ 
I. Literature Ci ted ............................................................ 

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

Number of publications: 
Other items ( l is t ) :  

Number of manuscripts: 

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



DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 
DIRECT COSTS ONLY 

FROM THROUGH 
07/01 /82  06/30/83 
DOLLAR AMOUNT REQUESTED (Omit CCOTSI 

TOTALS 

TIME/€ F FORT PERSONNEL (Applicant orponrzotion o n l y )  (see instructions) 

S A L A R Y  Hours par 
W o o k  NAME TITLE OF POSITION 

FRINGE 
BENEFITS 

I I I I 

EQUIPMENT ( I temizd  

I 

SUPPLIES ( I temize by  cotegoyl 

Tissue culture ware $4,000 Lipid enzymes, cofactors, etc. $2,000 
Culture media 3 , 000 Laboratory glassware 2 , 500 
Chemicals 1 , 500 
Radiolabeled compounds 2,000 

I I 

I I I I 

I 1 
SUBTOTALS 

15,000 
1.000 

I 

8, /30 48,500 

CONTRACTUAL 
OR (See 

THIRD PARTY iortrvctlond 
COSTS 

OTHER EXPENSES (Ituniie by coteqary) 

TRAVEL 

PATIENT CARE COSTS 

TOTAL DIRECT COSTS ( A h  cnter on pwe 1, l t r n  8)  

DOMESTIC 
FOREIGN 

IN PATIENT 

OUTPATIENT 

PHS-398 
Rev. 10/79 
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1 s t  B U D G E T  
P E R I O D  

(fmm pope 4) 

B U D G E T  C A T E G O R Y  
T O T A L S  

PERSONNEL (Solory ond 

( ~ppl ,cont  o rgon izaiion only1 
fr inqe bcnehts.) 48,500 

CONSULTANT COSTS 

EQUIPMENT 

su P P LI ES 15 , 000 

DOMESTIC 1,000 
T R A V E L  

FOREIGN 

INPATIENT PATIENT 
CARE 

OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

T O T A L  DIRECT COSTS 64 , 500 

JUSTIFICATION (Use mntinuufion poges i f  necessary): 
j us t i f y  ony costs for which the nmed moy no t  be obvious, such os equipment, foreign trovel, alterat ions ond rmnovotions, ond controctuol or third 
por ty  cosls. For future years, j us t i f y  ony s ign i f i con l  increoses in ony colegory. In oddition, for COMPETING CONTINUATION oppilcotiOnS, 
j us t i f y  any s ign i f i con t  increoses over current l eve l  of support. If a recurring onnuol increose i n  personnel cos11 i s  onticipoted, give percentage. 

Brief ly dmscribe the speci f ic  functions of the personnel ond consultonts. For 0 1 1  years, 

Recurring salary increases computed at 7%. Costs under other expenses are for 
publication charges. 

DIRECT COSTS ONLY 

A D D I T I O N A L  Y E A R S  S U P P O R T  R E Q U E S T E D  

2nd 3rd 4th 5th 

51,900 55,500 59,400 63,600 

16 , 200 17 , 500 18 , 900 20,400 

1,110 1,200 1,350 1,450 

500 1,000 1,000 1,000 

69,700 75 , 200 80,650 86,450 

Technician justification: 
will, initially, supplement the work load of Clement Welsh (research associate) and 
will later be trained to carry out the majority of work associated with cell culturing, 
testing morphological and biochemical markers for Cellular differentiation and analytical 
determinations, i.e., lipid compositional studies, thin-layer chromatography, radiolabeled 
tracer quanitation. 

The person to be recruited for the position of "techniciantt 

This person should be self-sufficient after a 6-month period. 

T O T A L  FOR ENTIRE PROPOSED PROJECT PERIOD (Also enteronpogc 1. item 7; -+ 
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NAME T I T L E  

Myles C. Cabot Biochemist 
I 

I I I 

BIRTHDATE (Mo.,Ooy, r‘r., 

I I I 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: 

ence, and honors. Include present membership on any Federal Government Public Advisory Committee. List, i n  chronoloQical order, the titles ond 

complete references to recent representotive publicotions, erpociolly those mort pertinent to this opplicofion. D o  not exceed 2 poger. 

Concluding with present position, l ist  i n  chronological order prerious employment, expmri- 

1970-1972: Graduate A s s i s t a n t s h i p ;  1969-1972, Laboratory Assistant--Western Caro l ina  

1975-1976: I n s t r u c t o r ;  1974-1976: A s s i s t a n t s h i p ;  1972-1974, Fellowship--The Hebrew 

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

Univ., Cullowhee, NC. 

Univ. Jerusalem, I s r a e l .  

and Health Sciences Divis ion,  Oak Ridge Associated U n i v e r s i t i e s ,  Oak Ridge, 
Tennessee. 

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

PUBLICATIONS 

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

Cabot, M. C. and G a t t ,  S. 
microsomes. Biochim. Biophys. Acta 931, 105-115, 1976. 
Cabot, M. C. and Gatt ,  S. 
brain. Isr .  J. Med. Sc i .  12, 1368, 1976 ( a b s t r a c t )  

Cabot, M. C. and Gat t ,  S. HydroZysis of endogenous diacglgZ2ceroZ and monoacylglpzrs: b y  
Zipcses i n  r a t  brain microsomes. 

Hydrolysis of neutral gZycerides by lipases of rat  brain 

Substrate spec i f i c i t y  of the microsomal acid l ipcse of r a t  

Biochemistry 16, 2330-2334, 1977. 
Cabor, M. C. and G a t t ,  S. Rat  brcrin microsomal lipase activttg.  Adv. Exp.  Yed. M o l .  
101, 101-111, 1978. 

._ - .. 
Cabot, M. C. and Snyder, F. 
monolayers supplemented with chauhoog-rric acid. Arch. Biochem. Biophys. 190, 838-846, 
1978. 

m e  manipulation o f  f a t t y  acid composition i n  L M  ceZZ 

Cabot, M. C. and Snyder, F. AssimiZation of unnatural aZiphatic moieties in to  com;?Ze= 
l i p i d s  of neoplastic ce l l s .  
Argent ina ,  A b s t r a c t s ,  Workshops, V o l .  l., 1978, p. 177 (Abstract  18). 
Cabot, M. C. and G a t t ,  S. 
rat brain m&?rOSOmal lipase with an acidic pH o p t i m .  

In :  X I 1  I n t e r n a t i o n a l  Cancer Congress, Buenos Aires, 

f i e  hydroZysis o f  triacylglycerol and diacyZgZyceroZ by  a 
Biochim, Biophys. Acta 530, 

508-512, 1978. 
Cabot, M. C. and Snyder,  F. 
Fatty aZcoho1 versus alkyZgZycero1 supptements. 
1980. 

ManiptrZation o f  alkylglycerolipid levels  i n  cultured CeZh 
Biochim. Biophys. ~ ~ t a  617, 410-418, 
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C U O T ,  Myles C. 

Cabot, El. C., Welsh, C. J . ,  Callaham, M. F., and Huberman, E. 
mekabo Z i s m  induced by 12-0-tetmdecano~ - 2-phorboz-13-acetate i n  d i  f f e r e n t i a z i q  hmGi? 
mz_leZo<d leukemia ceZZs. Cancer Res, 4G, 3674-3679, 1980. 
Cancer R e s .  4 0 ,  3674-3679, 1980. 

Cabot, Pi.  C. and Goucher, R.R. Chaulmoogric acid: Assimilation in to  the c c T l e z  
Zi?ids of mgcobacteria. L i p i d s  1 6 ,  146-148. 1981. 

Cabot, M. C. and Lumb,’R. H. 
of Sarcovhaaa bullata (Diptera: Sareophagidue). Comp. Biochem. P h y s i o l -  683, 

AZtepations <r. l i p i d  

The ac t i v i t y  of a Zow temperuture ZiFase in tks! Za2-,.cz 

325-328, 1961. 

Cabot, M. D. and Welsh, C. J. Ether Zipid studies i n  mouse C3H/lOT1/2 c e l l s  and a 
3-methyZehoZmthrene transformed clone. Arch. Biochem. Biophys. ( i n  p r e s s ) .  

Cabot, M. C. and Welsh, C. J. Fatty acid metabolism i n  phorbol ester-dif ferentia- 
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. Modifying the ZeveZs of ether-Zinked 
Z ip ids  i n  L-M c e l l s  aZters grouth and choZine u t i l i za t ion .  
(Submitted).  

E x p t l .  C e l l  R e s .  



PRINCIPAL INVESTICATOR/PROGRAM DIRECTCIQ: 

OTHER SUPPORT 
( U S E  CONTINUATION P A G E S  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) applicstions planned or being prepared for fubmission. Include 
Federal, cnd inst i tut ional  grant and contrect support, I f  none, state "NONE." For each item give the source of support, 
identifying number, project  title, name of principal investigator/program director, time or percent o f  effort on the project 
by professional named, annual direct costs, and entire period o f  support. (If port of o larger project, provide the t i t les  of 
both the parent grant and the subproject and give the annual direct costs for each.) Br ie f ly  describe the contents of each 
item listed. If  any of  these overlap, duplicate, or are being replaced or supplemented by the present application, justify 
and delineate the nature ond extent of the scientif ic and budgetary overlaps or boundaries, 

Federal, non- 

PRINCIPAL lNVESTIGATOR/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  h a s  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 .  
o t h e r  l a r g e r  p r o j e c t s :  

H e  is  suppor ted  under 

A. American Cancer S o c i e t y ,  Grant No. BC-70L; "Metabolism, Regu la t ion  and Funct ion  
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 a n n u a l  d i r e c t  c o s t s  and 
e n t i r e  pe r iod  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  cancer cel ls .  

B. N I H ;  Grant No. 5 R01 CX 11949-12; "E the r  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 annual  d i r e c t  
c o s t s ;  $305,031 TDC entire pe r iod  of s u p p o r t ;  Purpose is t o  p u r i f y  key enzymes 
involved 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 their 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 can be  e s t a b l i s h e d .  

C. DOE; C o n t r a c t  N o .  DE-AC05-760R00033; "Lung S u r f a c t a n t ,  Membrane, L i p i d s  and 
Energy Biohazards";  D r .  Fred Snyder: S e n i o r  I n v e s t i g a t o r ;  55% e f f o r t ;  $223,549 
annual  d i r e c t  c o s t s  and e n t i r e  s u p p o r 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 ,  c a r c i n o g e n s  and r a d i a t i o n  on sys tems be ing  i n v e s t i g a t e d .  

(2) SOXE. 

(3) S I H ;  Grant A p p l i c a t i o n ;  "Lipid ?ietabolism i n  TPA-Dif f c r e n t i a t i n g  Leukemia"; 
D r .  Myles Cabot; S e n i o r  I n v e s t i g a t o r ;  50% e f f o r t ;  $69,400 1st year annual d i r e c t  
c o s t s ;  $220,000 TDC t o t a l  suppor t  p e r i o d ;  The purpose  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  composition occur r ing  d u r i n g  T?A-induced d i f f e r e n t i a t i o n  of 
human cancer  cel ls .  

PHS.398 P A C E  



PRINCIPAL INVESTltATOR/PROGRAM DIREC !: 

-- RESOURCES A N D  ENVIRONMENT 

F A C I L I T I E S :  Mork the f o c i l i t i e s  to b e  u s e d  ond b r i e f l y  i n d u  t e  their  copoc i t ie r ,  per t inen t  copob i l i t i es ,  re lot ,ve p r o x i m i t y  ond 
ex ten t  of o v o i l o b l i i t y  to the  project. U s e  "other" t o  d e s c r d -  f o c i l i t l e r  07 other performotice s i t es  l i s r e d  in I t em 9, p q e  1, end 07 

s i tes  for f i e l d  studies. U s i n g  cont inuot lon  pogcs  i f  n e c e e a r y ,  i n c l u d e  0 descr ip t ion  of  the nature o f  ony c o l l o b o r o t i o n  with other 
o r g o n i r o t i o n s  ond prov ide  further in fo rmat ion  in the RESfiARCH P L A N .  

My laboratory is approximately 17 x 25 ft.; it is qell equipped for carrizg 
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. 

IT] Loboro tory :  

0 Clinical: 

An imol :  

We have immediate access to computer ware. W Computer: 

N 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 
across the hall from my laboratory. The human cell culture 
lab is located upstains (approx. 45 seconds away). 

1: O t h e r  ( 

MAJOR E Q U I P M E N T :  L i s t  the  most impor ton t  equipment item.s olreody o v o i l o b l e  for t h i s  project, n o t i n g  the l o c a t ~ o n ,  ond per t inent  
c o p o b i l i t i e s  o f  coch. 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:  Prov ide  ony o ther  i n f o r m a t i o n  descr ib ing  the environment for the project. I den t i f y  support  serv ices  
such os consul tants,  secretorio!, mochine shop, o n d  e l e c t r o n i c s  shop, and the extent to which they rill be OvrrilobIe to the Project. 

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

PHS-398 P A C E  - 
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P R l N C l  PAL t N V E  STIGA TOR/PROCRAM DIR EC ’: 

DETACH AND CLIP TO THE SIGNED FACE P A C E  O F  T H E  APPLICATION 

PERSCNAL D A T A  ON 

PRINCIPAL INVESTICATOR/PROGRAM Dt RECTOR 

The PL l i c  Health Service has a continuing commitment to monitoring the operation of i t s  rev.>w and 
award processes to detect-and deal appropriately with-any instances of real or apparent inequities 
wi th  respect to age, sex, race, or ethnicity of the proposed principal investigator/program director. 

T o  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 
page of the application. 

Upon receipt and assignment of 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. Dato w i l l  be confidential, 
and w i l l  be maintained i n  Pr ivacy Ac t  record system 09-25-0036, “Grants: IMPAC (Grant Contract In- 
formation).” A l l  analyses conducted on the data w i l l  report aggregate statistical findings only and w i l l  
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Race and/or Ethnic Origin: 

Check one: 
American Indian or Alaskan Native 

Asian or Paci f ic  Islander 

- 0 Black, not of  Hispanic origin 

0 Hispanic 

White, not  o f  Hispanic origin 

NOTE: The category that most closely ref lects the individual’s recognition in the community should be 
used for purposes of reporting mixed racial and/or ethnic origins. Definitions are on the bock of 
form. 
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A. S p e c i f i c  Aim 

12-~-Tettadecanoylphorbol-l3-acetate (TPA) a p p l i c a t i o n s  t o  aouse s k i n  

r e s u l t  i n  t h e  p r o h c t i o n  of both benign and malignant  tumors i f  T P k  t reatment  

i s  preceded by a p p l i c a t i o n  of an  i n i t i a t i n g  agent  (Bai rd  and Boutwell ,  1971; 

Hecker,  1971; Van Duuren, 1969). However, phorbol e s t e r s ,  when used i n  the  

absence of tumor 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 z t i o n  i n  

human l e r k e n i a  c e l l s  (HL-60) (Huberman and Callaham, 1979) and s t imu la 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  (Huberman e t  a l . ,  1979). A 

w ide  v h r i e t y  of compounds, i n  a d d i t i o n  t o  t h e  phorbol e s t e r  tumor promoting 

a g e n t s ,  have been shown t o  induce ce l lu l a r  d i f f e r e r i t i a t i o n  of HL-60 c e l l s  and 

s i g n i f i a n t l y  a l t e r  l i p i d  metabolism and membrane f l u i d i t y .  Tke r e s u l t s  gained 

from t h i s  s tudy  a r e  expected t o  answer t h e  fo l lowing  major quest ion.  Are l i k e  

l i p i d  a l t e r a t i o n s  comou to  the  EL-60 c e l l u l a r  d i f f e r e n t i a t i o n  process without  

r ega rd  t o  t h e  agent  of induct ion?  For  example, s i n c e  DKSO and r e t i n o i c  a c i d  

e l i c i t  t h e  same t y p e  of HL-60 d i f f e r e n t i a t i o n  (myeloid-granulocyt ic)  w i l l  l i p i d  

m o d i f i c a t i o n s  acconpanying t h e  c e l l  t r a n s i t i o n  be similar? 

As phosphol ip ids  are i n t e g r a l  components of plasma membranes and 

i n t r a c e l l u l a r  o r g a n e l l e s ,  and membrane f l u i d i t y  has  been shown t o  govern 

membrane-bound enzyne a c t i v i t i e s ,  a l t e r a t i o n s  i n - l i p i d  metabolism occurr ing  

between c o n t r o l  and induced c e l l s  w i l l  s e r v e  t o  e l u c i d a t e  the  r o l e  of l i p i d s  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  and i n  p a r t  a i d  t o  r e l a t e  f u n c t i o n a l  a spec t s  of 

induced d i f f e r e n t i a t i o n  t o  l i p i d  composi t iona l  changes. 

S p e c i f i c  goa l s  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  

- .- 

composi t ion occur  between u n d i f f e r e n t i a t e d  c e l l s  and c e l l s  t r e a t e d  with the 
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v a r i o u s  inducers  of d i f f e r e n t i a t i o n ,  paying p a r t i c u l a r  regard  t o  t h e  l e v e l s  of 

phosphol ip ids ,  s t e r o l s  ana t r i a c p l g l y c c r o l s ,  and t h e  acy l  group composition of 

t h e  po la r  l i p i d s ,  anc  n e u t r 2 1  l i p i d s  f r o n  vhole c e l l s  o r  i s o l a t e d  plasma 

clembrane and nuc les  f r a c t i o n s .  The uptake and u t i l i z a t i o n  of l abe led  l i p i d  

p r e c u r s o r s  ( a c e t a t e ,  mevalonic  a c i d ,  32P,  cho l ine ,  ethanolamine, f a t t y  a c i d s ,  

g lucose )  w i l l  be a s s e s s e d  i n  c o n t r o l  and induced c e l l s  a s  a p r e r e q u i s i t e  t o  

guide  i n  v i t r o  enzymatic s t u d i e s .  Spec ia l  emphasis w i l l  be p laced  on 

a s s i m i l a t i o n  and u t i l i z a t i o n  of l abe led  a rachidonic  a c i d ,  a p recu r so r  

s eques t e red  by phosphol ip ids  for t he  subsequent s y n t h e s i s  of pros tag landins .  

I n  t u r n  we w i l l  u t i l i z e  ce l l s  grown i n  serum-free media t o  assess t h e  e f f e c t s  

of serum l i p i d s  (and t h e i r  c o n t r i b u t i o n  t o  c e l l u l a r  l i p i d  composition) on 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 .  S t u d i e s  a t  the  enzymatic l e v e l  w i l l  be c a r r i e d  

o u t  to  exp lo re  the  e f f e c t  of v a r i o u s  inducers  on t h e  enzymes of l i p i d  

metabolisiz,  nanely those  enzymes t h a t  we deen "involved",  as  rendered from our 

s t u d i e s  on l i p i d  composi t ion and precursor  l a b e l  u t i l i z a t i o n .  From our 

i n v e s t i g a t i o n s  t h u s  f a r ,  t h o s e  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  inc lude  

s tearo l -Cos  desa tu rase ,  d i a c y l g l y c e r o l  a c y l t r a n s f e r a s e ,  enzynes of f a t t y  a c i d  

s y n t h e s i s  (de novo and c h a i n  e l o n g a t i o n ) ,  CDP-choline: 1 ,2-diacylglycerol  

phosphocholinetransferase and phosphat id ic  a c i d  phosphatase.  



1st r e v  

E. S i g n i f i c a n c e  

TPA, tile most abudant and most a c t i v e  tumor-promoting agent of c ro ton  o i l ,  

has  been used widely i n  the  two-stage mouse s k i n  carc inogenes is  system 

(Boutwell ,  1978) t o  study t h e  mechanim of tumor promotion. 

have shown t h a t  when tumor promoters a r e  u s e d  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 erythroleukeuiia c e l l s  (Yarnasaki e t  a l .  , 
1977; Fibach e t  a l , ,  1979; Rovera e t  a l . ,  19771, mouse neuroblastoma c e l l s  

(Fibach e t  a l . ,  197.81, 3T3 f i b r o b l a s t s  (Diamond e t  a l . ,  19771, a v i a n  myoblasts 

(Cohen e t  a l .  , 19761, hamster epidermal ce l l s  ( S i s s k i n  and E a r r e t t ,  1981) ,  and 

a v i a n  melanocytes  ( P a y e t t e  e t  a l . ,  1980).  Conversely,  s t u d i e s  wi th  human 

myeloid leukemia c e l l s  (Hubeman and Callaham, 1979; Rovera e t  a l . ,  1979) and 

human aelanorna c e l l s  (Hubernan e t  a l .  , 1979) have revea led  8 dramatic  a c t i o n  of 

phorbol esters: one of i nduc t 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 t e n t  i a t i o n .  

Recent s t u d i e s  

Although the  a c t i o n  of TPA as  an  inducer  of c e l l  d i f f e r e n t i a t i o n  has been 

t h e  o b j e c t  of cons iderable  s tudy ,  a v a r i e t y  of compounds, un re l a t ed  chemical ly ,  

have been shown t o  induce morphologiczl and b iocheoica l  a l t e r a t i o n s  i n  numerous 

c e l l  l i n e s ,  

(F r i end)  c e l l s ;  t h e  morphological,  b iochemical ,  and inmunological changes 

induced have  been well cha rac t e r i zed  (Fr iend  e t  a l . ,  1972; Ross e t  a l , ,  1972; 

Ikawa e t  a l . ,  1973). 

been demonstrated i n  hunon c e l l s  ( C o l l i n s  e t  a l . ,  1978, 1979, 1980; Hubeman e t  

DKSO 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 e ry thro leukenia  

The d i f f e r e n t i a t i o n - i n d u c i n g  e f f e c t  of DE30 bas  r e c e n t l y  

a l .  , 1979) and r e t i n o i c  a c i d  has  been shown t o  induce maximal d i f f e r e n t i a t i o n  

(approx. 90%) i n  HL-60 c e l l s  a t  a concen t r a t ion  of 1 

t h a n  t h e  concen t r a t ion  needed f o r  CIX30 t o  produce s i m i l a r  r e s u l t s  (Breitman e t  

a l . ,  1980b).  

i.1, an amount much l e s s  

Thus TPA, DPISO, and r e t i n o i c  a c i d  a l l  e f f e c t i v e l y  induce 
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d i f f e r e i i t i z t i o r i  of the HL-60 l i ne .  Other compounds under s tudy t h a t  l ikewise  

p o t e n t i z t c  IIL-60 c e l l  d i f f e r e n t i a t i c n  inc lude  the  a n t i b i o t i c ,  tun iceuycin  

(i!akapasu e t  a l .  , 19SO), t h e  cher;;otherapeutic drug,  actinonycin-D and compounds 

such a s  hypoxanthine ana hexanethylene bisacetamide ( C o l l i n s  e t  a l . ,  1980). 

ALthouGh tnese  agents  have not been ex tens ive ly  i n v e s t i g a t e d ,  c r i t e r i a  f o r  

morphologica l  and f u n c t i o n a l  d i f f e r e n t i a t i o n  have been a s ses sed  i n  BL-60 c e l l s  

f o l l o w i n g  t rea tment .  These s t u d i e s  suggest t h a t  HL-60 c e l l s  share  common 

t a r g e t  s i t e s  f o r  the induc t ion  by d i f f e r e n t i a t i o n  of these compocnds. 

\?hereas a l imber  of i n v e s t i g a t o r s  have demonstrated t h a t  TPA a d d i t i o n  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 n  l i p i d  rnetabol isn,  t h e  e f f e c t s  of 

D:GO, r e t i n o i c  a c i d  and o the r  i nduce r s  on l i p i d  rnetabol isn have not been 

c h a r a c t e r i z e d .  The complexity of t h i s  area can  be w e l l  app rec i a t ed  f o r  not 

only do tunor  prouiotcrs induce d i f f e r e n t i a t i o n  i n  some c e l l  l i n e s  and i n h i b i t  

the d i f f e r e n t i a t i o n  process  i n  o t h e r s ,  p re l iminary  s t u d i e s  have shown t h a t  

i nduce r  a c t i o n  on l i p i d  n e t a b o l i m  i s  equal ly  complex. 

Honma e t  al. (19SO) dexamethasone-induced d i f f e r e n t i a t i o n  of mouse leukemia 

c e l l s  w8s shown t o  produce s i g n i f i c a n t  changes i n  c e l l u l a r  phosphol ipid 

ccrnposit ion.  Fr iend  leukemia c e l l s  induced t o  d i f f e r e n t i a t e  w i th  D;.ISO, 

hexanethyfene-bis-acetanide, or  sodium bu ty ra t e  d i sp l ayed  v a r i o u s  l i p i d  

composi t iona l  modi f ica t ions  (Zwingels te in  e t  a l . ,  1980).  It i s  we l l  docunented 

t h a t  TPA, DNSO, and r e t i n o i c  a c i d  induce te rn ina l  d i f f e r e n t i a t i o n  

( g r a n u l o c y t i c ,  macrophage) i n  €!L-60 c e l l s ,  based on nophologica l  and 

I n  a r eceu t  study by 

biochemica l  c r i t e r i a .  

-- mult i - inducer  system have not been c a r r i d  out .  

f i r s t l y  r e v e a l  i f  t h e  va r ious  inducers  share  common a c t i o n s  on l i p i d  metabolism 

and secondly se rve  t o  e l u c i d a t e  the  r o l e  of l i p i d s  i n  the c e l l u l a r  

d i f f e r e n t i a t i o n  process.  

L ip id  n e t a b o l i z n t i o n  s t u d i e s  u t i l i z i n g  a one-cell  type 

A s tudy  i n  t h i s  v e i n  would 
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Rohrschneier and Eon tve l l  (1973) and Ealniain and Kecker (1974) examined t h e  

r e l a t i o l l s h i p  be tween TPA-induced tunor for r ia t ion  i n  mouse e p i d e r n i s  and 

phosphol ipid metabolism and found tha-  TPA s t imu la t ed  t h e  e a r l y  s y n t h e s i s  of 

phosphat idylethanolamine and phosphat idylchol ine.  I n  bovine lymphocytes TPA 

causes  a n  ennanced l a b e l i n g  wi th  [ ~ e t h y l - ~ l i ] c h o l i c e  of phosphat idylchol ine ,  

lysophosphat idplchol ine  , and sphingomyelin (Wertz and liuel l e r  , 1978).  

Likewise,  HeLa c e l l s  incubated  wi th  low concen t r a t ions  of TPA (10-9 t o  10'8 M) 

show a r a p i d  i n c r e e s e  of cho l ine  inco rpora t ion  i n t o  c e l l u l a r  

phosphat idylchol ine  (Kinze l  e t  a l . ,  1979). S t iu ;u l a t ion  of phosphol ipid 

metabolism, be fo re  the  markers  of d i f f e r e n t i a t i o n  are  expressed ,  and enhanced 

t r i a c y l g l y c e r o l  s y n t h e s i s  have been shown t o  occur  i n  EL-60 c e l l s  t r e a t e d  wi th  

TPA (Cabot e t  a l . ,  1980) .  

phosphol ipid metabolism, TPA has  a l s o  been shown t o  evoke o the r  

l i p i d - a s s o c i a t e d  a l t e r a t i o n s  i n  a v a r i e t y  of systems: t hese  inc lude  

mod i f i ca t ions  of l i p i d  mic rov i scos i ty  i n  lyriiphoblastoid c e l l s  (Castagna e t  a l . ,  

1979) , i n h i b i t i o n  of ad ipose  conversion i n  3T3 f i b r o b l a s t s  (Diamond e t  a l . ,  

1977) , s t i m u l a t i o n  of s e c r e t i o n  of d i s a t u r s t e d  phosphat idylchol ine  from 

a l v e o l a r  type I1 c e l l s  (Dobbs and Piason, 19781, enhancement of phosphol ipase 

a c t i v i t y  and p ros t ag land in  product ion (Levine and Hass id ,  1977; Levine and 

Ohuchi, 19781, and a l t e r a t i o n s  in gangl ios ide  metabolism i n  human melanorra 

c e l l s  (Rubernan e t  a l .  , 1979). 

I n  a d d i t i o n  t o  t h e  gene ra l  e f f e c t  of TPA on  

As can  be ga the red ,  a cons iderable  body of work has  been accomplished 

demonstrat ing t h e  a c t i o n  of TPA a s  a modulator of l i p i d  metabolism; however, 

only r ecen t  evidence i n d i c a t e s  t h a t  o ther  i nduce r s  of IiL-60 c e l l u l a r  

d i f f e r e n t i a t i o n  l i kewise  a l t e r  l i p i d  metabol ic  processes .  I n  work by Cooper e t  

a l .  (1981) induce r s  of  myeloid d i f f e r e n t i a t i o n  were shown t o  i n h i b i t  s t e r o l  and 

phosphol ipid s y n t h e s i s ,  a l though t h i s  i n f o r n a t i o n  w a s  based s o l e l y  on the  
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i n c o r p o r a t i o n  of r za io l abe led  a c e t a t e  i n t o  c e l l u l a r  l i p i d s .  Acc ta t c  can  serve 

as a precur so r  of g l y c e r o l ,  a n t  bc i nco rpora t ed  i n t o  f a t t y  a c i d s  v i a  d e  novo 

syr i thes i s  o r  by cha in  elongaion.  

t he  d i f f e r e n t  c l a s s e s  of phosphol ip ids  should a l s o  be cons idered  when 

i n v c s t i g a i u g  l i p i d  r e t a b o l i s r ,  v i a  l a b e l i n g  techniques.  

Acyl group turnover  i n  t r i a c y l g l y c e r o l s  and 

Ilhen comparing l i p i d  n e t a b o l i c  a s p e c t s  i n  u n d i f f e r e n t i a t e d  and induced 

c e l l s ,  i t  should be taken  i n t o  account  t h a t  the  serum requ i red  t o  grow c u l t u r e d  

c e l l s  i s  a r i c h  source of f a t t y  a c i d s ,  which nay e n a t l e  t h e  c e l l s  t o  s u s t a i n  

t h e i r  r e q u i r e d  a c y l  group composition. For t h a t  reason  w e  p l a n  i n  t u r n  t o  

enploy t h e  s e r m - f r e e  c u l t u r e  system f o r  HL-60 c e l l s  r e c e n t l y  desc r ibed  by 

Breitman e t  a l .  (19SOa), whcreiii t h e y  a l s o  demonstrate DX3O-induced 

d i f f e r e n t i a t i o n  t o  occur. A c u l t u r e  s y s t e m  such E S  t h i s  one can g rez t ly  

s i m p l i f y  s t u d i e s  a ined  a t  demonst ra t ing  l i p i d  composi t ional  lnodif icaions 

i n h e r e n t  t o  the  induc t ion  of d i f f e r e n t i a t i o n  and the  d e t e r n i n a t i o n  of c e l l u l a r  

l i q i d  requi reKents  t h a t  could p o t e n t i z t e  t he  d i f f e r e n t i s t i o n  process .  

Approaches used t o  i n v e s t i g a t e  the func t ions  of s p e c i f i c  l i p i d s  i n  c e l l u l a r  

biomenbranes have centered  on rnaniFulat ing the  f a t t y  a c i d  (Awad and Spec to r ,  

1976; Wil l iams e t  a l . ,  1974; J e n k i n  e t  a l . ,  1970; Kitajinia and Thompson, 19771, 

f a t t y  a l c o h o l  (Cabot and Snyder,  19CO), o r  phospholipid p o l a r  head group 

composi t ion (Schroeder e t  a l . ,  1976; Blank e t  a l . ,  1975) of niembrzne 

phosphol ip ids .  A l t e r a t i o n s  accompanying t h e  l i p i d  mod i f i ca t ion  of c e l l u l a r  

membranes have been observed i n  l i p i d  metabolism (Blank e t  a l . ,  1975; Graff and 

Lands,1976), membrane-bound enzyue a c t i v i t i e s  (Elank e t  a l . ,  1979; Navis and 

Vagelos,  1972; Nalkiewiz-Wasowicz e t  al., 1977; Horwitz e t  a l . ,  19741, c e l l  

growth (Cabot and Snyder, 1978; Horwitz  e t  a l . ,  1974) ,  and membrane f l u i d i t y  

(King e t  a l . ,  1977; Kimelberg and  Pagahadjopoulos,  1972). 

suppor t ive  of t he  inpor t an t  f u n c t i o n a l  r o l e  of s p e c i f i c  l i p i d  components i n  

These f i n d i n g s  a r e  
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b i o l o g i c a l  neuiLr2nes of i n t a c t  c e l l s ,  and  mark t h e  s i g n i f i c a n c e  of employing 

serum-free growth media and l i p i d  s q - p l e n e n t a t i o n  t o  e s t a b l i s h  wha t  l i p i d  

c r i t e r i a  e x i t  f o r  the  induc t ion  of d i f f e r e n t i a t i o n .  

Thc evidence t h a t  r e t i n o i d s  as w e l l  a s  tunor  p r o x o t e r s  enhance deacy la t ion  

of c e l l u l a r  phosphol ip ids  and s t i n u l a t e  p ros t ag land in  product ion  (Levine and 

Ohuchi, 1976) imp l i e s  t h a t  e s s e n t i a l  f a t t y  a c i d s  and p ros t ag land ins  play a 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 .  I n  3 r e c e n t  s tudy by Bonser e t  a l .  (19C1), D U O  

t rea tment  of EL-60 c e l l s  was shotrn t o  r e s u l t  i n  t h e  appearance of phospholipase 

ana cyclooxygenase a c t i v i t i e s .  

c l o n a l  l i n e  was shown t o  be n a x i n a l  dur ing  c e l l  p r o l i f e r a t i o n  and decrezse 

d r a m i c a l l y  a t  ad ipose  conversion (Negrel and Ai lheud ,  1981).  Likewise, Ziboh 

e t  a l .  (1981) have shown a marked inc rease  i n  t h e  b i o s y n t h e s i s  of PGFZ 

r a p i d l y  p r o l i f e r a t i n g  chloroleukemia ce l l s ,  whereas no s i g n i f i c a n t  i nc rease  i n  

P ros t ag land in  s y n t h e s i s  i n  a preadipocyte 

in 

P G F ~  

a l .  (1980) d i f f e r e n t i a t e d  t?Guse myeloid leukemia c e l l s ,  when l abe led  wi th  

[ 14CJarachidonic  a c i d ,  were shown t o  synthes ize  and r e l e a s e  pros tag landins ,  

whereas un t r ea t ed  c e l l s  d i d  not. 

p ros t ag land ins  p lay  a r o l e  i n  t h e  macrophage-granulocytic d i f f e r e n t i a t i o n  

process  of myeloid Leukecia c e l l s .  

can  be con t ro l ed  by growing c e l l s  i n  serum-free media thus  l i m i t i n g  the  

a v a i l a b i l i t y  of p r e c u r s o r s  f o r  pros tag landin  product ion .  

exist ( i .e . ,  e s s e n t i a l  f a t t y  a c i d  and p ros t ag land in  l e v e l s )  f o r  d i f f e r e n t i a t i o n  

t o  occur? I n  such an e x p r i n e n t a l  system, c e l l s  t h a t  a r e  " e s s e n t i a l  f a t t y  

acid-poor" can  be t r e a t e d  wi th  low l e v e l s  of a r ach idon ic  a c i d  t o  t e s t  t he  

e f f e c t s  of niernbrane mod i f i ca t ion  on the  p o t e n t i a 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 .  

occurred i n  qu ie scen t  h y p e r p l a s t i c  Earrow c e l l s .  I n  a study by Homa e t  

These r e s u l t s  s t r o n g l y  suggest t h a t  

The l e v e l s  of po lyunsa tura ted  f a t t y  a c i d s  

Do l i p i d  c r i t e r i a  

A number of i n v e s t i g a t i o n s  have shown t h a t  v a r i o u s  ckemical supplements can 



e l i c i t  human 1eukcec:is c e l l  d i f f e r e n t i a t i o n .  The e f f e c t  of t hese  i i iducers  

provides  no rpho log ica l  and biochemical markers f o r  c o r r e l a t i n g  c e l l  

d i f f e r e n t i z t i o u  u i t h  mod i f i ca t ions  of l i + d  metabol isn.  

syster, i n  which m r k e r s  f o r  d i f f e r e n t i a t i o n  can be fo l loved  p rov ides  a uiiique 

nodel  f o r  s tudy ing  l i p i d - r e l a t e d  biochemical even t s  dur ing  t h e  d i f f e r e n t i a t i o n  

process. Human myeloid l euken ia  c e l l s  a r e  extrer;ely use fu l  f o r  such s t u d i e s ,  

s i n c e  t h e  ce l l s  can  be induced t o  d i f f e r e n t i a t e  by a select  number of 

ccnpounds. L ip ids  a re  impor tan t  conponents of c e l l u l a r  nembranes p lay ing  a 

r o l e  i n  f l u i d i t y  r e g u l a t i o n ,  enzyme a c t i v i t y ,  t r a n s p o r t ,  and s t r u c t u r e ,  and 

membranes are prime t a r g e t s  f o r  TPA (Wenner e t  a l . ,  1974; Lee and Weinstein,  

1978; S ivak  e t  a l . ,  1972).  The f a c t  that  TPA, D I S O ,  and r e t i n o i c  a c i d  induce 

l i k e  morphological  and biochemical a l t e r a t i o n s  i n  EL-60 c e l l s ,  sugges t s  t h a t  

t h e s e  c e l l s  s h a r e  cornon t a r g e t  s i t e s  f o r  t h e  induc t ion  process.  Although 

s e v e r a l  i n v e s t i g a t i o n s  have suggested t h a t  t h e  c e l l  surf  ace p l ays  a n  important 

r o l e  i n  mechanism a s s o c i a t i o n  wi th  d i f f e r e n t i a t i o n  (Voldavsky e t  a l . ,  1976;  

Loten  and Sacbs, 19751, there  a re  f e w  r e p o r t s  on changes of membrane components 

dur ing  c e l l u l a r  d i f f e r e n t i a t i o n .  The r e l a t i o n s h i p  of l i p i d s ,  t h e i r  

composi t ional  and me tabo l i c  a s p e c t s ,  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  h a s  received 

l i t t l e  a t t e n t i o n ,  mainly because of t h e  l a c k  of an appropr i a t e  node l  system 

wherein m o d i f i c a t i o n s  of l i p i d  metabol i sn  can be c o r r e l a t e d  and t h e i r  relevancy 

e s t a b l i s h e d  i n  tnnduLi w i t h  t h e  appearance of d i f f e r e n t i a t i o n  markers.  

In  t h i s  r e z a r d ,  a c e l l  

0 
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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  r t e t a t o l i s n  

o c c u r r i n g  i n  TPA-di f fe ren t ia ted  hunan myeloid leukemia c e l l s  have been 

pub l i shed  (Cabot e t  a l . ,  19SO). The d a t a  and d e s c r i p t i o n  of t hese  experiments 

can  been seen i n  the  a t t a c h e d  r e p r i m  (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 %L-60 c e l l s  i s  accompanied by a s t imu la t ion  

of phosphol ip id  rcetabolism (be fo re  the  markers of d i f f e r e n t i a t i o n  a r e  

e x p r e s s e d ) ,  enhanced i n c o r p o r a t i o n  of a c e t a t e  i n t o  f r e e  f a t t y  acids  and n e u t r a l  

l i p i d s ,  a n  i n c r e a s e  i n  t h e  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  

i n c o r p o r a t i o n  of [ l-14Clhexadecznol 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 the r -con ta in ing  ana log ,  a l k y l d i a c y l g l y c e r o l s .  Our more recent  s t u d i e s  (Catot  

and Velsh ,  Cancer Res., i n  p re s s ,  Appendix I )  have revea led  t h a t  TPA t reatment  

of HL-60 c e l l s  has  8 profound e f f e c t  on f a t t y  ac id  metabolism. 

found t h a t  c e l l s  t r e a t e d  w i t h  TPA f o r  48 h r  show a marked decrease  i n  

stearoyl-CoA dcsa tu rase  a c t i v i t y .  

u n t r e a t e d  and TPA-treated c e l l s  showed t h a t  t he re  were no d i f f e r e n c e s  i n  t h e  

f a t t y  a c i d  p r o f i l e s  of phosphol ip ids ,  although marked d i f f e r e n c e s  occurred i n  

t h e  a c y l  group conpos i t i on  of t r i a c y l g l y c e r o l s  between con t ro l  and 

d i f f e r e n t i a t e d  c e l l s .  

can  m a i n t a i n  rcembrzne f l u i d i t y  p a r m e t e r s  t h a t  a r e  c r u c i a l  t o  c e l l u l a r  

fuuc t ion .  Our s t u d i e s  on f a t t y  a c i d  metabolisn! show t h a t  TPP, causes  an 

enhancement of f a t t y  a c i d  l a b e l i n g  from [ l ' k l a c e t a t e ;  t h e  mechanism of a c e t a t e  

i n c o r p o r a t i o n  i n t o  HL-60 u n d i f f e r e n t i a t e d  and TPX-different ia ted c e l l s  was not 

Zbst notably we 

Also,  acy l  group ana lyses  of l i p i d s  fron? 

Thus i t  appea r s  t h a t  HL-60 c e l l s ,  d i f f e r e n t i a t e d  by TPA, 

a s c e r t a i n e d ,  

p r e e x i s t i n g  f a t t y  a c i d s  i n  induced and con t ro l  c e l l s  i s  a poin t  of 

i n v e s t i g a t i o n  i t 1  t h e  p re sen t  proposal .  

t h e  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  i s  h igher  i n  TPA-differentiated c e l l s  

The e x t e n t  of de novo s y n t h e s i s  v s  chain-elongat ion of 

In  previous s t u d i e s  w e  have shoyn t h a t  
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(3.2-fold i n c r e a s e  over con t ro l  w i th  S >I 

n e u t r a l  l i p i d s  was a l s o  v e r i f i e d  i n  experinients us ing  r ad io l abe led  f a t t y  ac ids  

( p r e c u r s o r s  of a c y l  mo ie t i e s ) .  

11 TPA).  This  modulation i n  

I n  c e l l s  incubated  wi th  labe led  s t e a r i c  a c i d ,  

t h e  percent  d i s t r i b u t i o n  of l i p i d  r a d i o a c t i v i t y  was h ighes t  i n  t h e  

phospho l ip ids  ( c o n t r o l s ) ,  wherecs i n  TPA-supplewented c e l l s ,  s u b s t a n t i a l l y  Pore 

1 abe 1 ws s a s s o c i a t e d  wi th  tr i a  cy l&l y c e r  o l  s . 
\.le have  r e c e n t l y  i n i t i a t e d  experiments  u t i l i z i n g  D I G 0  and r e t i n o i c  a c i d  a s  

i n d u c t i o n  agen t s .  

i ncuba ted  i n  t h e  presence of inducer  f o r  6 days. P r e l i n i n z r y  da t a  show t h a t  

t h e  a c y l  group ccmposi t ions of phosphol ip ids  are a l t e r e d ,  conpared wi th  

u n d i f f e r e n t i a t e d  c e l l s .  This i s  i n t e r e s t i n g  i n  l i g h t  of the  f a c t  t h a t  D f S O  has 

been s h a m  t o  a l t e r  menbrane f l u i d i t y  i n  EL-60 ce l l s .  Although 

t r i a c y l g l y c e r o l s  a r e  not Ea jo r  menbrane components, they nay se rve  a s  f a t t y  

a c i d  s t o r e s .  E i f f e r e n c e s  i n  a c y l  group conpos i t ions  of the t r i a c y l g l y c e r o l s  

between c o n t r o l  and induced c e l l s  was a l s o  shown t o  occur. 

The c e l l s  were c u l t u r e d  i n  media conta in ing  serm and 

We have been success fu l  i n  c u l t u r i n g  HL-60 c e l l s  i n  seruin-free Eedia ,  

acco rd ing  t o  the procedure descr ibed  by Breitman e t  a l .  (1580). The c e l l s  a re  

c u r r e n t l y  i n  t f i e i r  260 passage ,  and t h e i r  f a t t y  a c i d  conpos i t ion  i s  r e l a t i v e l y  

s imple  compared t o  c e l l s  grown i n  serum-rich media. The most marked change i s  

t h e  near absence  of po lyunsa tura tes ;  16:O + 16:l + 18:l account f o r  %OX of t he  

t o t a l  a c y l  groups i n  phosphol ipids  2nd t r i a c y l g l y c e r o l s .  Induct ion  of 

d i f f e r e n t i a t i o n  i n  these  c e l l s  by TPA, D i S O ,  and r e t i n o i c  a c i d  i s  c u r r e n t l y  

be ing  a s s e s s e d  by morphological and biochemical c r i t e r i a .  E a r l y  r e s u l t s  a r e  

encourzging  w i t h  promise t h a t  u t i l i z a t i o n  of c e l l s ,  with a conpa r i t i ve ly  sircple 

l i p i d  composi t ion,  w i l l  complement s t u d i e s  on l i p i d  s t a s i s  and c e l l u l a r  

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

h a s  not been h i t h e r t o  assessed .  

The a c t i o n  of TPA ori 1IL-60 c e l l s  grown i n  serum-free media 

We have conducted a tzorphological eva lua t ion  

-? -  
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of t hese  c e l l s  (1.6 x 10-6 14 TPA, 48 h r )  and shown the  popula t ion  t o  c o n s i s t  

p r iz ia r i ly  of macrophage-like c e l l s  (>70%). 

I was t r a i n e d  i n  t h e  area of l i p i d  b iochcn i s t ry ,  and more s p e c i f i c a l l y ,  

l i p i d  enzymology. The p u r s u i t  of t hese  d i s c i p l i n e s  h a s  given me cons iderable  

exper ience  i n  the  f i e l d s  of l i p i d  metabolism, membrane biocheniistry 

(neubrane-enzyne-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  

c u l t c r e .  As a r e s u l t  of my present  p o s i t i o n ,  I f e e l  wel l  q u a l i f i e d  t o  pursue 

these  s t u d i e s .  The l a b o r a t o r y ,  headed by D r .  Fred Snyder,  a t  t he  O U U  Xedical 

and R e a l t h  Sc iences  Div i s ion ,  has been a forerunner  i n  t h e  a r e a  of l i p i d  

metabolism. The f a c i l i t y  i s  we l l  equipped f o r  ca r ry ing  o u t  t h e  spec ia l i zed  

a n a l y s e s  t h a t  a r e  r e q u i r e d  t o  explore  a l l  f a c e t s  of l i p i d  biochemistry.  



E. Nethods of Procedure 

1. C e l l  c u l t u r e  and i n d u c t i o n  of C i f f e r e n t i a t i o n  

a )  C e l l  c u l t u r e  

The ML-60 c e l l s  ( C o l l i n s  e t  a l .  , 1977) , which we a r e  us ing ,  were o r i g i n a l l y  

provided by D r .  R. C. Gzl lo ,  Nat iona l  Czncer I n s t i t u t e ,  Dethesda, l iaryland, and 

w e  ob ta ined  t h e  c e l l s  d i r e c t l y  froG D r .  E. Hubernian, Biology Divis ion ,  Oak 

Ridge Na t iona l  Laboratory. 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 s h e s  (No. 1007, Falcon) o r  c u l t u r e d  i n  75 cn2 Falcon f l a s k s  i n  a n  atiiiosphere 

of 5 %  C02 in air at 37OC us ing  F.PP!1-1640 medium contkining 202 f e t a l  c a l f  serum 

and supplemented wi th  p e n i c i l l i n  (100 u n i t s / m l )  and s t e p t o c y c i n  (100 g/ml).  

S e r u - f r e e  c e l l s  w i l l  be grown i n  RP1II-1640 media conta in ing  i n s u l i n  and 

t r a n s f e r r i n  a s  descr ibed  by Drei tnan e t  a l .  (1980). I n  n o s t  experirients c e l l s  

w i l l  be seeded a t  2-2.5 x l o6  c e l l s f f l a s k  and t r e a t e d  wi th  inducer  t h e  sane day 

o r  24 h r  l a t e r .  

b)  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  

C u l t u r e  medium w i l l  be used t o  zake s e r i a l  d i l u t i o n s  of a TPA-DXSO s o l u t i o n  

and added t o  t h e  c e l l s  t o  provide t h e  d e s i r e d  concent ra t ions  of TPA (lO-lo-lO-e 

b!). 

procedure has  been r o u t i n e l y  employed (IIuberman and Callsham, 1979; Cnbot e t  

a l .  1980).  Cell  incubat ions ,  i n  t h e  presence of TPX, w i l l  be c z r r i e d  o u t  f o r  

48 hr. 

By t h i s  method DXSO does not  exceed 0.01% i n  t h e  growth f l a s k s ;  t h i s  

Terminal d i f f e r e n t i a t i o n  induced by D I G 0  ( C o l l i n s  e t  a l . ,  1978) w i l l  be 

-1- 
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c a r r i e d  out  by i ncuba t ing  c e l l s  f o r  6 days i n  media conta in ing  1.252 D:ISO, and 

i n  a l i k e  maimer f o r  c e l l s  grown i n  s e r a - f r e e  c e d i a  (Ere i tnan  e t  a l . ,  19803). 

Ret inoic  a c i d  ( a l l - t r a n s - r e t i n o i c  z c i d )  w i l l  be used t o  induce d i f f e r e n t i a t i o n  

fol lowing the  procedure o u t l i n e d  by Brei tnan  e t  a l .  (1980b). B r i e f l y ,  c e l l s  

w i l l  be incubated  wi th  r e t i n o i c  a c i d ,  1 x 10'6 1.1, f o r  6 days. Ret inoic  a c i d  

w i l l  f i r s t  be d i so lved  i n  95% ethar.01 and s e r i a l  d i l u t i o i i s  i n t o  growth media 

made such t h a t  t he  e thano l  concen t r a t ion  i s  no h ighe r  than 0.12 i n  the  c u l t u r e  

f l z s k .  HL-60 c e l l u l a r  d i f f e r e n t i z t i o n  induced by actinomycin-D, hexamethylene 

bisacetazzide (HkIBA), and hypoxanthine,  w i l l  be c a r r i e d  out  according t o  

e s t a b l i s h e d  p ro toco l  ( C o l l i n s  e t  a l . ,  1980). C e l l s  w i l l  be incubated i n  the  

presence of act inoqicin-D (5.0 ng /n l )  f o r  6 days ;  a media change a t  4 deps ,  

replaced wi th  f r e s h  media conta in ing  inducer ,  i s  r equ i r ed .  HIIBA ( 2  nEl) and 

hypoxanthine (5- ml.1) i nduc t ion  occurs  l i kewise  over  a 6-day incubat ion  per iod.  

c )  Assess ren t  of d i f f e r e n t i a t i o n  

Given t h a t  t h e r e  i s  some degree of v a r i a b i l i t y  between c e l l s  grown i n  

var ious  l a b o r a t o r i e s ,  d i f f e r e n t i a t i o n  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 Ur ight  s t a i n e d  p repa ra t ions  and by eva lua t ion  

of e s t a b l i s h e d  ncarkers f o r  myeloid d i f f e r e n t i a t i o n .  

d i f f e r e n t i a t i o n  w i l l  be based on the  percentage of myelocytes,  metanyelocytcs ,  

and banded and segmented n e u t r o p h i l s  vs .  t he  c o n t r o l  popula t ion  t h a t  c o n s i s t s  

p r i m a r i l y  of p r o q e l o c y t e s  (907:). TPk-induced d i f f e r e n t i a t i o n  w i l l  be assessed  

by t he  percentage of nacrophage-like c e l l s  r e s u l t i n g  a t  the end of t reatment .  

Other c r i t e r i a  w i l l  inc lude  c e l l  at techment t o  t h e  s u b s t r a t u ,  and c e s s a t i o n  of 

growth. 

Morphological 

Biochemical markers f o r  d i f f e r e n t i a t i o n  inc lude  NBT dye r educ t ion  

(Segal ,  1974; C o l l i n s  e t  a l . ,  19801, phagocytes of Candida ab icans  ( C o l l i n s  e t  



a l . ,  19731, lysozyne re lease (Eigger ,  1 9 7 8 1 ,  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  macrophage d i f f e r e n t i a t i o n  produced 

(Vorbrodt e t  a l , ,  1979).  

d )  I s o l 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  

Plasma membranes w i l l  be i s o l a t e d  fo l lowing  a publir..ed p r o t o c o l  s p e c i f i c  

f o r  IIL-60 c e l l s  ( I p  and Cooper, 1980). Nucle i  w i l l  be i s o l a t e d  scco rd ing  t o  a 

procedure desc r ibed  f o r  gu inea  p ig  polymorphonuclear leukocytes  (Cepier re  and 

Karravsky, 1973).  

medium t h a t  is s l i g h t l y  hypotonic  fol lowed 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. 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 

assay  of c la s s i ca l  marker enzymes. 

This procedure enploys  t h e  homogenization of c e l l s  i n  a 

By t h i s  ne thod  the  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  

2. Lipid  a n a l y s e s  

C e l l u l a r  l i p i d  ccmposi t ion  w i l l  be conpared i n  uninduced and induced 

leukenia  ce l l s  w i t h  s p e c i a l  regard  t o  amount and types  of phosphol ip ids  

(chol ine- ,  ethanolamine- , se r ine -  , and i n o s i  to l -conta in ing)  n e u t r a l  l i p i d s  

( s t e r o l s ,  t r i a c y l g l y c e r o l s  , a l k y l d i a c y l g l y c e r o l s ,  c h o l e s t e r o l  e s t e r s )  and acy l  

group composi t ions of the g l y c c r o l i p i d s .  L i p i d s - w i l l  be e x t r a c t e d  from con t ro l  

and d i f f e r e n t i a t e d  c e l l s  by a modif ied method of Bligh and Dyer (1959) i n  which 

the  methanol c o n t a i n s  22 g l a c i a l  a c e t i c  a c i d .  Both n e u t r a l  arid p o l a r  l i p i d s  

can be resolved by th in - l aye r  chromatography i n  a v a r i e t y  of s o l v e n t  systems 

(Snyder, 1973).  

phosphol ipids  r e so lved  on S i l i c a  Gel HR. 

Neu t ra l  l i p i d s  w i l l  be sepa ra t ed  on l a y e r s  of S i l i c a  G e l  G and 

A comparison of Rf values with 
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com;iercial  s t andc rds  w i l l  be used f o r  i d e n t i f i c a t i o n  of l i p i d  c l a s s e s .  

2so4 Q u a n t i t z t i v e  n n a l y s i s  of th in- layer - reso lved  l i p i d s  i s  accoriplished by ti 

c h a r r i n g  of t h e  c h r o n a t o p l a t e s  (prc-run i n  d i e t h y l e t h e r  , 100%) a t  200OC 

fol lowed by pho todens i tone t ry  acco rd ing  t o  P r i v e t t  e t  a l .  (1965).  This method 

w i l l  be used t o  determine the  c o n t r i b u t i n g  amounts of s t e r o l s ,  

t r i a c y l g l y c e r o l s ,  a l k y l d i a c y l g l y c e r o l s ,  and c h o l e s t e r o l  es te rs  t o  the  t o t a l  

l i p i d  f r a c t i o n .  Total phospho l ip ids  are  q u a n t i t a t e d  by measuring phospholipid 

P i  (Rocser e t  al. , 19661, and i n  a l i k e  manner, P i  of t h e  va r ious  phospholipid 

classes c&n be determined d i r e c t l y  by a n a l y s i s  of H2~04-charred l i p i d s .  

group composition w i l l  be ana lyzed  i n  phosphol ip ids  ( t o t a l  and i n d i v i d u a l  

c lasses)  and t r i a c y l g l y c e r o l s  by f i r s t  i s o l a t i n g  l i p i d s  on p repa ra t ive  

th in- layer  chronatographic  p l a t e s .  Phosphol ip ids ,  t r i a c y l g l y c e r o l s ,  

a ~ k y ~ d i a c y ~ g ~ y c e r o ~ s ,  and c h o l e s t e r o l  es ters  are f a c i l e l y  sepa ra t ed  on 

c h r o n a t o p l a t e s  developed in hexane/diethylether/acetic a c i d  (80:ZO:l). 

e s t e r s  w i l l  be prepared by r e f l u x i n g  t h e  l i p i d s  i n  ne thnnol  con tz in ing  2X I! 

a t  l O O O C  (Vays e t  a l . ,  1963)  and ana lyzed  by gas- l iqu id  chronatography 

accord ing  t o  the  ne thods  desc r ibed  by Blank and Snyder (1970) and Elnnk e t  a l .  

(1976).  

r e c o r d i n g  i n t e g r z t o r .  A d d i t i o n a l l y ,  t he  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  

a c i d s  i n  the  major phosphol ip id  c l a s s e s  w i l l  be determined by gas- l iquid 

chromatography a f t e r  treatment of the i s o l a t e d  phosphol ip ids  wi th  phospholipase 

*2 (Cabot and Snyder,  1978).  

Acyl 

Elethyl 

2so4 

Quan t i t a t ion  w i l l  be based on we igh t=pe rcen t  us ing  a Bewlett-Packard 

3 .  Lipid  metabol ic  s t u d i e s  

a )  F a t t y  a c i d  n e t a b o l i s n  

- 4- 
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F a t t y  a c i d  r fesa turase  a c t i v i t y  i n  u n d i f f e r e n t i a t e d  aiid d i f f e r e n t i a t e d  c e l l s  

w i l l  be assayed u s i n &  both whole c e l l s  (Clank e t  a l . ,  1976) o r  c e l l - f r e e  

honoLenates (Oshino and S a t o ,  1 9 7 2 ) .  C r i e f l y ,  coIitro1 c e l l s  arid inciuced 

c u l t u r e s  w i l l  be incubated  wi th  [ l - l 4 C ] s t e a r i c  a c i d  f o r  1-2 h r .  

a r e  then  prepared from &he l i p i d  e x t r a c t s  of h a r v e s t e d ,  washed c e l l s ,  nr\.d 

sepa ra t ed  rrccording t o  the  degree of u n s a t u r a t i o n  on AgEOj-impregnated 

th in - l aye r  p l a t e s  (Bandi and k ingold ,  1969).  Bands corresponding t o  Eonoenes 

w i l l  be v i s u a l i z e d  wi th  iodii le vapors  and scraped  f o r  r ad ioac t ive  a n a l y s i s  by 

l i p i d  s c i n t i l a t i o n  spec t rone t ry .  The c e l l  f r e e  system vi11 c o n s i s t  of 

microsones (0.2-1.0 nig p r o t e i n )  from c o n t r o l  or induced c e l l s ,  0.1 K Tris -ECl  

b u f f e r ,  pH 7 . 2 ,  30-70 Af te r  a 5-min 

incuba t ion  a t  3 O o C ,  t h e  r e a c t i o n  i s  s a p o n i f i e d ,  a c i d i f i e d ,  and methylated f o r  

th in- layer  a n a l y s i s .  

wi th  s n  HADPlI-generating system (1 mI.1 NADP+, 3 nG1 ~1~S04 ,10  

excess  glucose-6-P dehydrozenase).  To e v a l u a t e  t h e  e f f e c t s  of d i f f e r e n t i a t i o n  

on both f a t t y  a c i d  e longa t ion  and desau ra t ion ,  c o n t r o l  and induced c e l l s  w i l l  

be incubated  w i t h  [ l - l4C]pa1mit ic  a c i d  f o r  1 hr and the metabolic products  i n  

t h e  l i p i d  e x t r a c t s  from c e l l s  analyzed by combined gas- l iquid chromatography 

and collection O f  14c02 as  descr ibed  by Blank e t  al. (1976). 

i,Ietliyl e s t e r s  

II [I-1 'k]stesoyl-CoX, and 0.4 n1.I NADPH. 

An a l t e r n a t e  method of assay employs replacement of MADPH 

glucose-6-P, 

h i n a t u r e  l euken ic  b l a s t  c e l l s  con ta in  ncetyl-CoA carboxylase and a r e  

capable  of f a t t y  a c i d  s y n t h e s i s  de novo; however, human leukocytes l a c k  

acetyl-coA carboxylase  and inco rpora t e  a c e t a t e  i n t o  f a t t y  ac ids  v i a  cha in  

e l o n g a t i o n  ( I ia je rus  and L a s t r a ,  1967; Wakil, 1961).  

between i m a t u r e  and d i f f e r e n t i a t e d  c e l l s  can  be employed a s  a marker f o r  

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

e l o n g a t i o n  w i l l  be assayed i n  con t ro l  and d i f f e r e n t i a t e d  prototypes.  

c e l l s  w i l l  be incubated  i n  r egu la r  media con ta in ing  serum, or  f o r  sho r t  

This i n t e r e s t i n g  c o n t r a s t  

For t h i s  reason,  f a t t y  a c i d  s y n t h e s i s ,  de  novo, and by cha in  

I n t a c t  

1 0 3 9 5 9 3  - 5- 



l a b e l i n g  pe r iods  washed and resuspcnded i n  serum-free oedia. 1 1-l4C]Acetate 

( 1 C  C i / f l a s k )  w i l l  be in t roduced  znd incubated f o r  per iods up t o  24 h r .  

A l iquo t s  of c e l l u l a r  t o t a l  l i p i d s  a r e  then hydrolyzed i n  2 3 n e t h a n o l i c  ROii f o r  

2 h r  a t  70OC and sub jec t ed  t o  Sckmirlt degrsdc t ion  by the nethod of BraCy  e t  a l .  

(1960).  Th i s  technique ,  which removes the  caboiiyl carbon of f a t t y  a c i i s  (C-1) 

i s  used t o  d i s t i n g u i s h  between de novo f a t t y  ac id  s y c t h e s i s  and cha in  

e l o n g a t i o n .  R a d i o a c t i v i t y  i n  the  t o t a l  f a t t y  ac id  f r a c t i o n  w i l l  then be 

ccmpared wi th  the  percentage evolved a s  1 k 0 2  frOn the  c-1 pcsition. 

overal l  capac i ty  of u n d i f f e r e n t i a t e d  and induced c e l l s  t o  syn thes i ze  f a t t y  

a c i d s  w i l l  be t e s t e d  i n  c e l l - f r e e  e x t r a c t s  using the  r a d i o i s o t o p i c  method 

d e s c r i b e d  f o r  d e t e n c i n a t i o n  of f a t t y  ac id  synthase a c t i v i t y  (Ahmad e t  a l . ,  

1979).  

b )  A c y l  group m o d i f i c a t i o n  of c e l l u l a r  l i p i d s  

~h~ 

The e f f e c t s  of a l t e r i n g  mezbrane f l u i d i t y  on the  p o t e n t i a t i o n  of induct ion 

w i l l  be t e s t e d  on c e l l s  grown i n  media conta in ing  supplemented f a t t y  ac ids .  

Cells grown i n  s e r a - c o n t a i n i n g  o r  s e r u - f r e e  media can be manipulated t o  favor 

a c y l  group enrichxilent w i th  a p a r t i c u l a r  f a t t y  ac id  (Uisn iesk i  e t  a l . ,  1973; 

Cabot and Snyder,  19781.  Cu l tu r ing  c e l l s  in serum-free media d r e s t i c a l l y  

a l t e r s  t h e  a c y l  group composition of the  g lyce ro l ip ids  ( see  Prel iminary 

S t u d i e s ) .  Because the  e f f e c t s  of serun  removal on c e l l  d i f f e r e n t i a t i o n  ae oot 

w e l l  unders tood ,  w e  w i l l  c a r r y  out  our  i n i t i a l  suppleuenta t ion  s t u d i e s  on c e l l s  

grown i n  serum-containing media. Thus,  any d i f f e rences  noted i n  t h e  course of 

i n d u c t i o n  can be a s c r i b e d  t o  the  enrichment r a t h e r  than a combination of acyl  

group enrichment and serum absence. 

a r e a  of membrane mod i f i ca t ion ;  t h e r e f o r e ,  we a n t i c i p a t e  t h a t  a 24-hr exposure 

t o  f a t t y  a c i d s  (3-10 

We have cons iderable  exper ience  i n  the  

g/ml growth media) w i l l  be s u f f i c i e n t  t o  accomplish 

- 6 -  
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cnrichcient.  F a t t y  a c i d s  ( s t e a r i c  and a rach idon ic )  will be in t roduced  a s  t he  

GO+ SOCFS and pbosphol iFid a c y l  groups w i l l  be analyzed t o  determine the  

n o d i f i c a t i o n s  achieved (Czbot and Snyder ,  197s) .  

r e l a t i o n s h i p  and t o x i c i t y  l e v e l s  have been e s t a b l i s h e d ,  t he  enr iched  c e l l s  will 

be exposed t o  va r ious  coucen t r a t ions  of TPA, D;iSO, o r  r e t i n o i c  a c i d ,  and t h e  

tim ccurse  f o r  d i f f e r e n t i a t i o n ,  based 0x1 morphological  and b iocheuica l  

c r i t e r i a ,  w i l l  be determined. E re i tnan  e t  a l .  (198Oa) have shown t h a t  HL-60 

c e l l s  grown i n  serun- f ree  media can be induced t o  d i f f e r e n t i a t e  i n  the  presence 

of Di*ISO; w e  have pre l iminary  d a t a  t ha t  shows t h e  same occurs  wi th  TPP.. 

There fo re ,  w e  w i l l  enploy c e l l s  grown i n  serum-free media a s  c o n t r o l s  t o  

c o r r e l a t e  the  i n d u c t i v e  e f f e c t s  of DfISO and TPA on c e l l s  cu l tu red  i n  s e r u - f r e e  

media conta in ing  e i t h e r  s t e a r i c  o r  a rachidonic  a c i d s .  Radiolabeled s t e a r i c  and 

z r a c h i d o n i c  a c i d s ,  incubated  wi th  c e l l s  f o r  24 h r ,  w i l l  be used as t r a c e r s  t o  

determine the  d i s t r i b u t i o n  of f a t t y  a c i d  supplements i n  plasma nenbrane and 

nuc lea r  f r a c t i o n s .  

Once a dose-response 

c )  Metabolisro of p r o s t a g l a n a i n  p recu r so r s  

Our s t u d i e s  on p r o s t a g l a n a i n  ne tabol i sm i n  u n d i f f e r e n t i a t e d  2nd 

d i f f e r e n t i a t e d  c e l l s  w i l l  be l i m i t e d  t o  i n v e s t i g a t i o n s  cen te r ing  on the  

a s s i m i l a t i o n  of l abe led  p ros t ag land in  p recu r so r s  ( l i n o l e i c  and a rach idon ic  

a c i d s ) ,  and the  l e v e l s  of phospholipase A2 in cells, [ 1 _ 1 k ] L i n o l e i c  

a c i d  o r  [ 1 - 1 k l a r a c t i d o n i c  a c i d  w i l l  be incubated  wi th  con t ro l  and induced 

c e l l s  t o  e s t a b l i s h  the  t ine course of uptake and t h e  d i s t r i b u t i o n  of 

r a d i o a c t i v i t y  i n  c e l l u l a r  phosphol ipids  (chol ine- ,  ethanolamine-, i n o s i t o l - ,  

and scr ine-conta in ing  g lycerophosphol ip ids)  and t r i a c y l g l y c e r o l s .  

PhosFholiPase A2 a c t i v i t y  w i l l  be assayed i n  c c n t r o l  and d i f f e r e n t i a t e d  c e l l s  

The l e v e l  of 



1s t  r e v  

p re l abe led  w i t n  a rachidonic  a c i d  accord ing  t o  t k e  procedure described by Boner ' 

e t  a l .  (1981).  B r i e f l y ,  c e l l  c c l t u r e s  will be incubated wi th  

[ l -14Clarachidonic  a c i d  (0.1 C i / d  c u l t u r e  media).  \lashed l abe led  c e l l s  a r e  

then resuspended i n  assay  bu f fe r  (50 nhi TrisOHCl, pH 7.4, conta in ing  100 ai4 

N'C1, l e 4  '"' CaC12, and 0.7 rrl.1 FIsC12). The 1-nl c e l l  suspensions (5 x 10 7 

c e l l s / n l )  a re  then incubated  wi th  o r  witnout  10  

5 min a t  37OC. Solvent  e x t r a c t i o n s  of t he  r e a c t i o n  mixture  w i l l  then be 

assayed  f o r  f r e e  a rach idons te  by th in- layer  ckromtography.  Pre labe led  c e l l s  

w i l l  f i r s t  be analyzed t o  determine the  d i s t r i b u t i o n  of labe led  a rachidonate  i n  

each of t h e  phospholipid classes. Ey t h i s  means w e  can c o r r e l a t e  t h e  

i i  calcium ionophore A22187 for  

appearance of f r e e  a rach idon ic  a c i d  wi th  d e p l e t i o n  of r a d i o a c t i v i t y  i n  the 

p a r t i c u l a r  phosphol ipid c l a s ses .  

d )  I n  v i t r o  enzynic  a s says  

Diacy lg lyce ro l  a c y l t r a n s f e r a s e  will be assayed  us ing  microsomes (as enzyme 

source )  i s o l a t e d  f ro r i  c o n t r o l  and d i f f e r e n t i a t e d  c e l l s  according t o  e s t a b l i s h e d  

procedures  (Colenan and B e l l ,  1976;  Bell and l ! i l l e r ,  1976). 

enzyme a c t i v i t y  w i l l  a l s o  be c a r r i e d  ou t  u t i l i z i n g  endogenous d i acy lg lyce ro l s .  

B r i e f l y ,  n i c rosona l  f r a c t i o n s  will be incubated  w i t h  phospholipase C ( C a t o t  and 

Ga t t ,  1977) t o  genera te  endogenous, nenbrane-bound d iacy lg lyce ro l s .  

microsomes (0.2-C.4 mg pro te in )  w i l l  then be inccbated  a 37OC i n  medium 

c o n t a i n i n g  50 mN flaF, 2.0 d.1 d i t h i o t h r e i t o l ,  bovine serum albumin ( 5  ng /n l>  and 

0.1 mM [ 1-14C]palmitoyl-CoA. 

from the r e a c t i o n  mixture  and r a d i o l a e l c d  t r i a c y l g l y c e r o l s  separa ted  by 

th in - l aye r  chroaatogrzphy. 

measured by adding a n  exogenous d i s p e r s i o n  of phosphat id ic  a c i d  t o  the  

tleasurenent of 

These 

Upon t e r n i n a t i o n ,  the l i p i d  w i l l  be e x t r a c t e d  

Phosphat id ic  a c i d  phosphatase a c t i v i t y  w i l l  be 
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nieasured by addlag a n  exogenous d i s p e r s i o n  of phosphat id ic  a c i d  t o  the  

c i c r o s o n a l  o r  so lub le  f r a c t i o n  of cor i t rol  o r  d i f f e r e n t i a t e d  c e l l  p repa ra t ions  

(Lanb and Fa l lon ,  1974; Caras and Shapi ro ,  1975). An a l t e r n a t e  assay nethod 

will employ nicrosonol-bound [14C]phosphctidate a s  s u b s t r a t e  (Lamb and F a l l o n ,  

1374). Cholinephosphotransferase (CDP-choline:1,2-diacyl~lycerol 

phospiiocholinetransferase) w i l l  be assayed by i n c o r p o r a t i o n  of 

ph os  ph ory 1- [ 1.le-l 4C 1 ch 01 i n e  i n  pli o spha t i d  y 1 ch o l  i n e  f ron  CDP- [ Fie-’ 4C I chol  i n e  . 
The procedure descr ibed  by Meiss e t  a l .  (1958) and modif ied by Vacce and Burke 

(1974) will be used i n  t h e  assay of t h i s  erizyne. 

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

The p r i o r i t i e s  of ou r  proposed work w i l l  be e s s e n t i a l l y  accord ing  t o  t h e  

o rde r  o u t l i n e d  (pp. 1-91. However, prel iminay d e t o  w i l l  be obte ined  through 

l i p i d  conpos i t i ona l  s t u d i e s  of c e l l s  t r e a t e d  wi th  the  v a r i o u s  induc t ion  a g e n t s ,  

and t h e s e  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  emphasis can  be 

placed on mechanis t ic  s t u d i e s  such as  s u b c e l l u l a r  s i t e  of a c t i o n ,  l i p i d  

enzynoloGy, and the  r o l e  of serum and e s s e n t i a l  f a t t y  a c i d s .  We have a nunber 

of c o l l a b o r a t i v e  t i e s  w i t h  s c i e n t i s t s  ou t s ide  ocr 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  (Dr. E. Hubernizn, Argonne, Chicago),  o rgan ic  chemists  (Dr. C. 

P i an tados i ,  Univers i ty  of North Caro l ina ,  Chapel H i l l ) ,  mass spectroscopy (Dr. 

W. Rainey, Oak Ridge N a t i o n a l  Labora tory) ,  cy togene t i c s  (Dr. Gayle L i t t l e f i e l d ,  

Oak Ridge Associated U n i v e r s i t i e s ) .  These s c i e n t i s t s  could be use fu l  i n  

s o l v i n g  some of t he  s p e c i a l i z e d  p r o b l e m  t h a t  might a r i s e .  

Tine t a bl e 
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F i r s t  yesr: We w i l l  c o n c e n t r a t e  our  e f f o r t s  documenting t h e  l i p i u  

conpos i t i ona l  chapges a s s o c i a t e d  w i t h  t h e  induc t ion  of d i f f e r e n t i t t i o n  

u t i l i z i n g  the  va r ious  agents .  Close s c r u t i n y  w i l l  be given t o  assessrtlent of 

d i f f e r e n t i a t i o n  (morphological and biochemical  c r i t e r i a )  so  t h a t  t h e  dynamics 

of l i p i d  a l t e r a t i o n s  can be c o r r e l a t e d  w i t h  the  inducer  and degree of 

d i f f e r e n t i a t i o n .  I n  t u r n ,  s t u d i e s  w i l l  be i n i t i a t e d  us ing  c e l l s  grown i n  

seruic-free media. Recru i tnent  aiid t r a i n i n g  of a t echn ic i an  w i l l  be undertaken 

du r ing  t h e  f i r s t  6 months. 

Second year:  A l l  s t u d i e s  i n i t i a t e d  dur ing  year  1 will be completed and 

d a t a  a s ses sed  t o  g ive  d i r e c t i o n  t o  subsequent experimentat ion.  

Thi rd  year :  We w i l l  i n i t i a t e  and complete s t u d i e s  u t i l i z i n g  l a b e l e d  l i p i d  

p recu r so r s .  These ,data ,  t o s e t h e r  w i t h  the  composi t ional  s t u d i e s  w i l l  set  t h e  

groundwork f o r  enzymatic and m e c h a n i s t i c  areas. As t h i s  work w i l l  c l o s e l y  

complement sone of ou r  enzymatic s t u d i e s ,  w e  w i l l  i n i t i a t e  a s p e c t s  of f a t t y  

a c i d  metabolism: d e s a t u r a t i o n ,  e l o n g a t i o n ,  de novo synthes is .  

Four th  year:  Enzymatic s t u d i e s  w i l l  be cont inued t o  inc lude  examinat ion of 

t hose  a c t i v i t i e s  o u t l i n e d  i n  A i m s .  

a r ach idon ic  a c i d  metabolism i n c l u s i v e  of phospholipase A2 a c t i v i t y  and 

p ros t ag land in  product ion.  

TJe w i l l  i n i t i a t e  a s p e c i f i c  s tudy  of 

F i f t h  year:  The e f f e c t s  of membrane mod i f i ca t ion  on 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  be s t u d i e d  by u t i l i z i n g  c e l l s  grown i n  serum-free media 

w i t h  o r  without  supplemented f a t t y  a c i d s .  

f o r  s t u d i e s  ou t l ined  n:ay lend i t s e l f  t o  s t u d i e s  aimed a t  t h e  involvement of 

A s  t h e  s p e c i f i c  experimental  forniat 
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plasmz and nuc lea r  tler!brznes l i p i d  and d i f f e r e n t i a t i o n ,  w e  w i l l ,  throughout 

t h e  e n t i r e  funding pe r iod ,  explore  t h e  e f f e c t s  of i nduc t ion  on l i F i d  

composition of s u b c e l l u l a r  f r a c t i o n s .  
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C. 

E. FACILITIES AVAI LAB LE 

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  proposal.  W e  have r e c e n t l y  Oczdded 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  both  forced  d r a f t  and water-jacketed incubators  equipped with automatic  
con c o n t r o l ,  laminar  f low hoods,  a self-contained 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 .  For l i p i d  a n a l y s e s  w e  have a 
complete l i n e  of t h i n - l a y e r  chromatographic equipment, i n c l u d i n g  a t h i n - l a y e 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 “C, and 
a photodensi 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 ,  We a l s o  have t h e  
fo l lowing  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 ional  
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 ,  Beckrnan DU and Acta C-111 spectrometer ,  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  appara tus ,  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  (Node1 251, and h igh  p r e s s u r e  l i q u i d  chromatographs. We 
a l s o  have access t o  electron microscopy. 

We 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 a b o r a t o r y  

‘USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS’ 

This  r e s e a r c h  g r a n t  a p p l i c a t i o n  inc ludes  a segment of a c t i v i t y  t h a t  would be 
performed i n  f a c i l i t i e s  of  t h e  U. S.  Department of Energy and governed by a n  
e x i s t i n g  c o c t r a c t  between Cak Ridge Associated U n i v e r s i t i e s  (OPMJ) and t h e  DOE. 
The DOE has reviewed t h i s  proposa l  and has concurred i n  OF.4U conducting 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 z r c h ,  
S u b j e c t  t o  pzynent t o  t h e  EOE by ORAU f r o n  HIH funds o f  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  cost  of t h e  work ( n o t  inc luding  any charge f o r  t h e  use  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 h e  DOE‘S c o n t r a c t  w i t h  0,PcAU. 

It is b e l i v c d  t h a t  i n  l a r g e  measure t h e  requirements  of the DOE c o n t r a c t  
p a r a l l e l  condi t ions  t h a t  KIH 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 .  
d i f f e r e n c e s  between NIH g r a n t  terms and t h e  DOE c o n t r a c t  terns ,  ORAU is agree-  
able  to meeting bo th  t o  t h e  e x t e n t  t h a t  they a r e  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  Uci ted S t a t e s  Governxent where t n i s  is 
involved.  
s u g g e s t ,  ORAU upon r e c e i p t  of such advice  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.  

I n  t h e  event  of  

If EJIH i s  aware of problens  t h a t  such an  approach lrould produce or 

By way o f  g e n e r a l  in format ion ,  OP2dJ’s c o n t r a c t  w i t h  t h e  DOE is a cost- type 
c o n t r a c t  f iminced under a Government-fund account.  The s p e c i f i c  c o n t r a c t  work 
is f o r m l a t e d  i n  coope ra t ion  w i t h  t h e  DOE and ndthor ized  w i t h i n  genera l  guide- 
l i n e s  i n  t h e  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 t h e r  r e s e a r c h  
products .  
funds i s  ves ted  i n  t h e  U .  S. Government 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  c o n t a i n s  a l l  t h e  terns g e n e r a l l y  connon t o  Goverment  c o n t r a c t s  
o f  t h e  t y p e  under which OPAU cocducts  r c s c a r c h  opera t ions  i n  Goverment-ouncd 
f a c i l i t i e s  . 

C o n t r a c t  t e r n s  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  

Ownership o f  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. Co l l abora t ive  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 

The undersigned ag rees  to accept  r e s p o n s i b i l i t y  f o r  t he  s c i e n t i f i c  and technical 
conduct of t h e  p r o j e c t  and f o r  provisLon of r equ i r ed  progress  r e p o r t s  i f  a g r a n t  
i s  awarded as the 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  

Date 
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