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M r .  Kenneth M. Haythorn, D i r e c t o r  
Energy Programs and Support  D iv i s ion  
Department of Energy 
Oak Ridge, Tennessee 37830 

S u b j e c t :  GRANT APPLICATION ENTITLED LIPID METABOLISM IN TPA-DIFFERENTIATING 
LEUKEMIA 

Dear M r .  Haythorn: 

Enclosed are t h r e e  c o p i e s  of a g r a n t  a p p l i c a t i o n  t o  N I H  f o r  a new p r o j e c t  
e n t i t l e d  L i p i d  Metabolism in TPA-Differentiating Leukemia. D r a f t  cop ie s  of 
t h i s  g r a n t ,  under t h e  t i t l e  Ether Lipid  Metabolism in Cell Transformation, 
were forwarded t o  your o f f i c e  for review on January  1 4 ,  1980, and approval  f o r  
transmittal  t o  N I H  was g iven  by D r .  Benson on February 21.  

The proposed r e s e a r c h  w i l l  b e  c a r r i e d  o u t  under p o l i c i e s  and procedures  
p r e v i o u s l y  e s t a b l i s h e d  between ORAU and DOE and w i l l  b e  supe rv i sed  by D r .  Myles 
Cabot . 

W e  w i l l  keep you adv i sed  concern ing  t h e  s t a t u s  of t h e  g r a n t .  

S i n c e r e l y ,  I , 

- p i l i p  L. Johnson .'J '' Execu t ive  D i r e c t o r  

RYAN:br 
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Div i s ion  of Research Grants  
Na t iona l  I n s t i t u t e s o f  Heal th  
U. S. P u b l i c  H e a l t h  S e r v i c e  
Bethesda, Maryland 20205 

Gentlemen: 

We are s u b m i t t i n g  f o r  your c o n s i d e r a t i o n  seven  cop ie s  of a g r a n t  app l i -  
c a t i o n  e n t i t l e d  Lipid Metabolism i n  TPA-Differentiating Leukemia. 
w i l l  b e  s u p e r v i s e d  by D r .  Myles Cabot. 

T h i s  p r o j e c t  

Oak Ridge Assoc ia t ed  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 50 Southern c o l l e g e s  and u n i v e r s i t i e s .  The major p o r t i o n  of i t s  a c t i v i t i e s  
are c a r r i e d  o u t  under a long-term o p e r a t i n g  c o n t r a c t  w i th  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 this  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  under Sec t ion  E of  t h e  a p p l i c a t i o n .  

I f  q u e s t i o n s  should  arise dur ing  t h e  review of  t h i s  p roposa l ,  p l e a s e  do 
n o t  h e s i t a t e  to c a l l  D r .  Cabot a t  area code 615, 576-3122. 

S i n c e r e l y ,  
- I  (1.1 SVt ,,e- 0: 

pMuIc-’L- 

P h i l i p  L. Johnson 
Execut ive  D i r e c t o r  
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W. F. Coun t i s s  
John T. Crocke t t  
Myles Cabot 
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DEPARTMENT OF HEALTH, EDUCATION. AND W L F A R C  
PUBLIC WfALTH SEAVICE 

RESEARCH OBJECTIVES 

Myles C. Cabot - Principal Investigator LEAVE B U N K  
PROJECT NUMBER 

TITLE OF PROJECT 
LIPID METABOLISM IN TPA-DIFFERENTIATING LEUKEMIA 

~ ~ h l S  SPACE TO ABSTRACT YOUR PROPOSED RESEARCH. OUTLINE OBJECTIVES AND METHODS. UNDERSCORE THE KEY WORDS 
(NOT TO EXCEED 101 IN YOUR ABSTRACT. 

The potent tumor promoter, 12-~tetradecanoylphorbol-13-acetate (TPA) has been shown to 
s tisula te phospholipid metabolism in mouse epidermis and in a variety of cells maintained 
in culture. When used at very low concentrations, TPA also induces differentiation in 
human leukemic cells (HL-60). We have shown that TPA elicits stimulation of phospha- 
tidylcholine metabolism in leukemia cells and that this stimulation preceeds the expression 
of the various differentiation markers. However, the mechanism by which TPA alters phospho- 
lipid metabolism and the role of phosphatidylcholine in the cell differentiation process 
remains obscure. Essentially no information is available at the molecular level regarding 
the effect of TPA on the enzymes and cofactors responsible for phosphatidylcholine synthesis. 
By utilizing tumor promoters, such as TPA, we will be able to correlate the dynamics of 
phospholipid metabolism with cellular differentiation. Total lipids isolated from control 
and TPA-exposed cells will be rigorously analyzed, and the activities of the key enzymes 
of phosphatidylcholine synthesis (choline kinase, CTP-phosphocholine cytidylyltransferase, 
CDP-choline:1,2-diacylglycerol phosphocholinetransferase) will be characterized in vitro. 
Additionally, TPA may modify phosphatidylcholine metabolism by altering the levels of intra- 
cellular cofactors and precursors. The levels of CTP, phosphocholine, rholinc, CDP-choline, 
and clL;ic.ylgl.ycerol in control and treated cells will be determined. The assimilation of 
radiolabeled fatty acids into phosphatidylcholine and de novo synthesis from glucose and 
glycerol will in turn be investigated. The ultimate objective is to understand what factors 
are responsible for the TPA-induced stimulation of phosphatidylcholine turnover in differ- 
entiating cells. 

LEAVE BLANK 
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SECTION I f  -PRIVILEGED COMU ‘ATION - p R O M  lTHROlJGH 

TO BE NAMED 

DETAILED BUDGET FOR FIRST 12MONTH PERIOD 1 12/01/80 

Research Technician 50 7,000 1,575 8,575 

- 

1 11/30/81 

I 

46,430 8,370 54,800 

SUPPLIES Tissue  Culture Ware 2,000 
Cell Culture Media & Serum 3,500 
Chemicals 1,500 
Radiolabeled Compounds 4,000 

DOMESTIC 

FOREIGN 
TRAVEL 

?ATIENT COSTS I S n  in r r rWrhuJ  

llOUlPMENT Waterbath Shaker $950 

9 50 

11,000 

1,000 

OTHER EXPENSES hmiml 

- 

e TOTAL DIRECT COST IEntu on 1. I m n  SJ 

ALTERATIONS AND RENOVATIONS t--- 

67,750 



SCTION II -PRIVILEGED C0MCJ')NICATION 

BUDGET ESTIMATL, i O R  A L L  Y E A R S  OF SUPPORT REQUESTEO . ..OM PUBLIC H E A L T H  SERVICE 
D I R E C T  COSTS ONLY (Omit Cone) 

OESCRlPTlON 
IS' 'fa100 ADDITIONAL YEARS SUPPORT REOUESTED /Thu appltcarmn only1 

IWHt A S  D€ 
~ 4 I L t D O U f f i E T l  I N 0  Y E A R  JRD Y E A R  4 T H  Y E A R  5 T H  Y € A R  6TH Y E A R  7 T H  Y E A R  

PE RSONNE L 
COSTS 

CONSULTANT COSTS 
(Include ##a, tmvd, 8tC. l  

0 
I 

EOUIPMENT 

SUPPLIES 

167,750 

TRAVEL 

PATIENT COS= 

TOTAL FOR ENTIRE PR0W)SED PROJECT PERlOO ( € n r r o n  Ap f. llmn 4) - 

ALTERATIONS AND 
RENOVATIONS 

S 216,650 

~~ 

OTHER EXPENSES 

TOTAL DIRECT COSTS 

54,800 

950 

11,000 

1,000 

58,650 

0 

11,600 

1,000 

500 

$71,750 

Equipment Justification I 
1st Year - Waterbath Shaker - Precision-Dubnoff - $950 - To be used for in vitro 

enzymological work which must be carried out a controlled temperature 
with constant oscillations. 

f HS-39U (Fornerl, NIH-398) 
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NAME 

Myles C. Cabot 

PLACE OF BIRTH IClrV. Stmto. Counhyl 

Massachusetts 

TITLE BIRTHDATE (Ma. Day. Yr.) 

Bicchernis t - 
PRESENT NATIONALITY O f  non-U S crrrron, 
indicotv kind of visa o r d  oaptrofron &to} 

SEX 

U.S.A. a Mole 0 Ferrrle 

1 I I 
HONORS 

MAJOR RESEARCH INTEREST 

Lipid metabolism in membranes 

ROLE IN PROPOSED PROJECI 

Principal Investigator 

None 

RESEARCH A N D n R  PROFESSIONAL EXPERIENCE ISom'q withprunlporiDon,&l Ira ininq 4nd orpon'onco rdrvont to .rea of prolut Lin D I I  
w m a t  rwp~nt.dv#publ iot iotu 
November 1978-Present: Scientist I, Medical and Health Sciences Division, Oak Ridge 

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

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

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

PUBLICATIONS 
Cabot, M. C. and Gatt, S. Lipase ac t i v i t y  i n  ra t  brain. Isr. J. Med. S c i .  11, 1194, 1975 
(abstract) 
Cabot, M. C. and Gatt, S. Hydrolysis of neutmZ glycerides by Zi7ases of rc t  brain 
microsomes. Biochim. Biophys. Acta 931, 105-115, 1976. 
Cabot, M. C. and Gatt, S. Substrate spec i f ic i ty  of  the microsomal acid lipase 07 r a t  
bruin. Isr. J. Med. Sci. 12, 1368, 1976 (abstract) 
Cabot, M. C. and Gatt, S. HydroZysis of endogenous diacyZgZycerol a d  rnonoac32gZ3cerol b: 

Cabot, M. C. and Gatt, S. Rat b m i n  microsomaZ lipase ac t iv i ty .  Adv. Exp. Med. Biol. 

Do mt u c m d 3 p . g l l  for mch individual.) 

Associated Universities, Oak Ridge, Tennessee (Biochemist, April 1979) 

Sci., ORAU, Oak Ridge. TN 

Jerusalem, Israel. 

Cullowhee, NC 

- 
a 
-1 

.I== l ipases i n  ra t  brain microsomes. Biochemistry 16, 2330-2334, 1977. 
23 

101, 101-111, 1978. 
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Cot i t  t nua t IO t 1 I )ac)i* 

Cabot, M. C. and Snyder, F. Tie manipulation o f  f a t t y  ac<d comFositLm ir: >M c c l l  
monoZayrs siqpkrnented w i t h  chaulmoopic  G ~ o ? ~ .  Arch. Biochem. Biophys. 130, 838-8:'. 
1978.  

Cabot, M. C. and Snyder, F. Assimikzt ion of unnattcral ~ i ~ z t " ) l : ~ t Z r  rnoiztiez i r . 5 0  c~mrL.:-- - .  
of n e o p k s t i c  ce l l s .  I n :  XI1 In te rna t iona l  Cancer Congres s ,  Buenos Aires, 

Abs t rac t s ,  Workshops, Vol. l., 1978, p. 177 (Abstract  18). 

S. The hydrolysis of triacylgZycerol and diacylgi2~eroZ by a 
lipase w i t h  an acidic pH optimum. Biochim. Biophys. A c t a  530, 

Snyder, F. Mmipyla t ion  of alkyZgZyceroZipid leweZs i n  cu2tured ce; :  
aZkyZgZyceroZ supplements. Biochim. Biophys. Acta ( i n  press). 



Pr iv i l eged  C o m m ~  :at ion 

1 
, I , ,  

E (~asi. I l r s t .  rn~rMIv iniiiilll r .JOT, Myles  C. 

A .  S P E C I F I C  AIPlS 

1 2-0-Te t rade canoy l p  h o r  tol- I 3-a c e t a  t e ( T P A  ) appl i c3 L ions t o  uous e s hi 11 

r e s u l t  i n  t h e  product ion of  Doth benign and malignant tumors i t  the TYA t r e a t -  
ment is preceded by a s i n b l e ,  subcarcinogenic a p p l i c a t i o n  of an  i n i L i a t i n g  
agent , such a s  7,12-dimethylbenz[a]anthracenc (Baird and Boutwell ,  1 9 7 1  ; 
l lecker,  1971; Van Duuren, 1969) .  However, i t  i s  s i g n i f i c a n t  t o  note t h a t  
phorbol e s t e r s ,  when used i n  the  absence of tuuror 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 ce l l s  (Huhermnn and Callaham. 
1979)  and s t i m u l a t e  d i c f e r e n t i a t e d  func t ions  i n  human melanoma cells 
(Huberman e t  a l . ,  1979). We have r ecen t ly  i n i t i a t e d  s t u d i e s  of t h e  a l t e r a t i o n s  
i n  l i p i d  metabolism e l i c i t e d  by t reatment  of human leukemic cel ls  i n  c u l t u r e  
wi th  t h e  poten t  tumor promoter,  TPA. These s t u d i e s  revealed t h a t  TPA has  a 
profound e f f e c t  on l i p i d  metabolism, i n  p a r t i c u l a r  phosphat idylchol ine.  

As phospholipids are an  i n t e g r a l  component of plasma membranes and 
i n t r a c e l l u l a r  o rgane l l e s ,  t h e i r  p o s s i b l e  r o l e  i n  c e l l u l a r  d i f f e r e n t i a t i o n  warrants  
c l o s e r  i nves t iga t ion .  Furthermore, w e  have observed t h a t  TPA t rea tment  causes 
a l t e r a t i o n s  i n  the  l e v e l s  of a lkyld iacylg lycero ls .  This class of e ther - l inked  
l i p i d s ,  and t h e i r  p o l a r  coun te rpa r t s ,  l -~alkyl -2-acylg lycerophosphat ides ,  occur 
a t  c h a r a c t e r i s t i c a l l y  high levels i n  cancer cel ls  (Snyder and Wood, 1963, 1969). 

Spec i f i c  goa l s  are t o  e s t a b l i s h  what a l t e r a t i o n s  i n  c e l l u l a r  l i p i d  
composition occur  du r ing  TPA-induced d i f f e r e n t i a t i o n  of human cancer c e l l s ,  wi th  
p a r t i c u l a r  regard t o  the levels of phosphat idylchol ine and membrane-associated 
- 0-alkyl and ea lk -1 -eny l  glycerophosphatides.  
i n v e s t i g a t i o n s  a t  t h e  c e l l u l a r  and molecular l e v e l s  regarding the  e f f e c t  of TPA 
on the  enzymes, s u b s t r a t e s ,  and co fac to r s  of phosphat idylchol ine metnbol ism w l 1 1  
be c a r r i e d  out.  These 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  c u l t u r e s  t o  determine 
rates of incorpora t ion  of a c y l  groups versus  po la r  head groups and g lycero l  and 
glucose v i a  de novo syn thes i s .  
tu rnover  of d i f f e r e n t  components of the molecule during TPA-induced d i f f e r e n t i a t i o n .  
In tu rn ,  w e  w i l l  u t i l i z e  c e l l - f r e e  homogenates t o  assess which enzymes of phospha- 
t i dy lcho l ine  syn thes i s  are a f f e c t e d  during TPA exposure. Those a c t i v i t i e s  t h a t  
w i l l  be  inves t iga t ed  inc lude  chol ine  kinase,  CTP-phosphocholine, cy t ldy ly l t r ans -  
f e r a s e ,  and CDP-choline:l,Z-diacylglycerol phosphocholinetransferase. Additional 
emphasis w i l l  be  placed on determining the e f f e c t s  of TPA on the  i n t r n c e l l u l a r  
l e v e l s  of required s u b s t r a t e s  and cofar torR R U ( * ~  :IH CTP, p t i o ~ p I ~ o ( * l ~ o  I I IM. ,  f: l~l '-  
c . l i o 1  1 1 ) ~ .  i.ltol i n c ,  ;tnd clI;rc.yl;',I y c . c . r i ) I .  

Once these  changes are es t ab l i shed ,  

The experiments will be designed t o  determine 

B . S ZGNf FICANCE 

Berenblulu (1941 1 discovered t h a t  a s i n g l e  app l i ca t ion  of benzpyrerrc t o  
mouse s k i n  followed by u u l t i p l e  app l i ca t ions  of c ro ton  o i l  had the  renarkable  
a b i l i t y  t o  e l i c i t  tuirlor growth. The carcinogenic p r i n c i p l e s  of cro ton  o i l  a r e  
t h e  12,13-diesters  of the  polyfunct iona l ,  t e t r a c y c l i c  d i te rpcne  parent  a lcohol  
phorbol (Hecker, 1966). 12-0-Tetradecanoylphorbol-l3-acetntc, the  rzost 
abundant and most a c t i v e  tuulor promoting agent of croton o i l ,  ius b e e n  used 
widely i n  t h e  two-stage mouse ski l l  carcinogenesis  systerlr (Boutwell, 1978) t o  
s tudy t h e  mechanislr of tumor proulotion. 
a ided  g r e a t l y  i n  e luc ida t ing  t h e  bio1oC;ical consequences of TPA exposurrn. 
work wi th  cu l tured  Hela-cel ls  has demonstrated the  e f f ec t iveness  of TPA as a 
thymidine blocking agen t ,  a s t imu la to r  of chol ine incorpora t ion ,  and an  inducer 
of c e l l  growth (Suss e t  a l . ,  1972) .  Recent s t u d i e s  have shown t h a t  w h e u  tuiior 
pronioters are used s ing ly  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  

The use of t i s s u e  c u l t u r e  syster.rc has 
Early 

YtH.2009 (Rev. 2-78) page 7 



Pr iv i l eged  Commo a t i o n  

C O f l t  lflllat lOf1 [Jnfll! 

NP' f lE  lIa51, I I~SI.  middle ini~irll 
3T, Myles C. 

In  add i t ion  t o  the  prev ious ly  discussed dichotomy of even t s  e l i c i t e d  by 
TPA on c e l l u l a r  d i f f e r e n t i a t i o n ,  tumor-promoting phorbol esters s i g n i f i c a n t l y  
alter l i p i d  metabolism. Rohrschneider and Boutwell (1973) and Balmain and Hecker 
(1974) exawined t h e  r e l a t i o n s h i p  between TPA-induced tui,ior foruiation i n  I I I O U S C  

epidermis and phospholipid metabolism and found t h a t  TPA s t i n u l a t e d  ttic eorly 
s y n t h e s i s  of phosphat idylethanolamine and plrosphatidylcholine.  
lyiriphocytes TYA causes an  enhanced l abe l ing  v i t h  ~methy1-3tllcl~oline of 
phosphat idylchol ine , lysophosphat idy 1 cliol ine  , and sphingomyel i n  (Vert  z and 
PIueller,  1978). L i k e w i s e ,  HeLJ c e l l s  incubated w i t h  low concent ra t ions  of TPI', 
(lo-' t o  10" Pl)  show a r ap id  inc rease  of chol ine  incorpora t ion  i n t o  c e l l u l a r  
phosphatidylcholine.(Kinzel e t  a l . ,  197Y). The p o s s i b i l i t y  t h a t  TPP. ckiarILcs 
only the permeabili ty of the plasma nleubrane f o r  the  r a d i o a c t i v e  precursor  V Y C  

excluded, s i n c e  the e f f e c t  of TPA on l i p i d  rnetabolislil was a l s o  0bservt.c. w i w v  
t t e  c e l l s  were preincubsted w i t t i  Inbeled chol ine.  
e f f e c t  of TPA on phospholipid metabolism, TPA h a s  a l s o  been shown t o  evoke 
o t h e r  l ipid-associaed a l t e r a t i o n s  i n  a var i e ty  of sys t e rx :  these  include 
niodif icat ions of l i p i d  microviscos i ty  i n  lyr~plroblastoid c e l l s  (CastaLna c t  a l . ,  
19791, i nh ib i t i on  of adipose conversion i n  3T3 f i b r o b l a s t s  (Dia1,rond e t  a l . ,  
1977) , s t imula t ion  of s e c r e t i o n  of d i s a t u r a t e d  phosphaidylcnoline frol.: a lveo la r  
t ype  I1 c e l l s  (Dobbs and 1-iason, 1978) , enhancement of phospholipase a c t i v i t y  
a n 3  prostaglandin product ion (Levine and Hassid, 1977; Levine anlc Ohuci:i, 
1978) .  and a l t e r a t i o n s  i n  gang l ios ide  nietabolisrh i n  k1ui:mn nclanoxa c c l l s  
(lluberman e t  a l .  , 1979). 

In  bovinc 

In aGJi t ion  t o  ttic tcr:eritl 

Whereas, a nuciber of i n v c s t i g a t o r s  nave shown t h a t  TPA supyle1:lentation 
t o  c e l l  cu l tu re s  causes myriad a l t e r a t i o n s  i n  l i p i d  wetabolisrrl, t he  d iverse  
e f f e c t s  of phorbol e s t e r s  on c e l l u l a r  d i f f e r e n t i a t i o n  provides a morpholo,ial 
aiarker fo r  c o r r e l a t i n g  w i t h  TPA-induced nod i f i ca t ions  of l i p i d  metabo1isr:l. I n  
t h i s  regard,  a c e l l  s y s t e c  i n  witich markers f o r  d i f f e r e n t i a t i o n  can iie f o l i w d  
would provide a unique moriel f o r  stuCyinL l ip id - r e l a t ed  biocheuical  evcnts 
dur i iG tile d i f f e r e n t i a t i o n  process.  Human riyeloid leukewia c e l l s  (HL-60) 3re 
ex t rcne ly  useful  f o r  such s t u d i e s ,  s i n c c  a 1ar;u populat ion of the c e l l s  (.:.arc 
t han  9 C Z )  can be induced t o  d i f f e r c u t i a t e  by phorbol d i e s t e r s  (IiaSeri..m ariG 
Callaham, 1979). TPA-Induced d i f f e r e n t i a t i o n  i n  t1.cse c e l l s  iiaS been 
charac te r ized  by norphologiczl  c h n k e s ,  decreased c e l l  d i v i s i o n  , an increaee i n  
the percentake of phagocytizin, c e l l s ,  a t t achcen t  of tt.e c e l l s  t c  t t e  
subs t r a tun  (Iluberwan and CallSiiai.i, 1979) and s t imu la t ion  of synt i ies is  ar.d 
e x t r a c e l l u l a r  r e l ease  of lysotyr..es (unpublished dz ta ) .  
i n t e r e s t  i n  veiw of the  f a c t  ti.ri ?PA can cause 1ysozyi.c r e l e z s e  fro::: 
pe r iphe ra l  blood polyuorpllonuclrar leukocytes ,  ba t  not i r o n  s l v e o l a r  
inacropliages (Goldsteio e t  a l . ,  1975; Bigger,  197E). 

This l a s t  f i n d i n ,  i s  of 

Lipids a r e  i t iportvnt coi.iponents of c e l l u l a r  Lcei.iLrLr,cs and ~ . : c ~ ~ I L ~ ~ I . c  L .ire 
important t a r g e t s  f o r  phorbol e s t e r s  (Venner e t  a l . ,  1974; Lee 2 n d  \!einstt i i l ,  
1978; Sivak e t  a l . ,  1972). Under condi t ions  of i n  v i t r o  exposure, TI';, has Lieen 
shown t o  e f f ec t ive ly  increase  the s p e c i f i c  a c t i v i t i e s  of the plaswa iLreluLrC;IiiC 

enzymes Na+-K+-Anase and 5' -nucleot idase;  t h e  microsomal enzymes, NADH diaphorase 
and glucose-6-phosphatase, were no t  a f f e c t e d  (Sivak e t  a l .  * 1972) 

_-- - - -- 
However, no 
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information is available that defines the effects of in v i t r o  TPA e x p o s u r e  on 
enzymes of phosphatidylcholine biosI-nthesis. 

As has been shown by numerous investigators, plit)sph:it l d y l ( * h o I  tnc is t . 1 1 ~  
crucial lipid affected by TPA. l'he miijority of thew s t u t l i c b s  ti;ivc. tlc;lli WLLI I  ttic 
gross effects of TPA on lipid metabolism. Essentially no information is available 
at the molecular level regarding the effect of TPA and induced cellular differ- 
entiation on the enzymes and cofactors responsible f o r  phosphatidylcholine 
synthesis. 

Phosphatidylcholine, a structural component of animal cells, has been 
implicated in the modulation of certain enzyme activities (Finean, 1973). It is 
therefore 
In this respect, the relationship of phosphatidylcholine to cellular differentia- 
tion has received little attention, mainly because of the lack of an appropriate 
model system wherein modifications of phospholipid metabolism can be correlated 
with the appearance of differentiation markers, 
herein provides numerous advantages that will facilitate the investigation of 
phorbol diesters as modulators of cell differentiation and phospholipid metabolism. 

possible that this membrane constituent plays a role in cell regulation. 

The experimental system descr%bed 

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

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

Although 

With the evidence that tumor promoters elicit remarkable 

The following points need to be considered in proposing the mechanism 
by which TPA stimulates phospholipid metabolism. Wertz and Mueller (1978) have 
shown that the phospholipid response to TPA is insensitive to the inhibition of 
RNA and protein synthesis. 
indicate that TPA activation of phospholipid metabolism does not require a 
major redistribution of phospholipid-metabolizing enzymes. Thus, the mechanism 
of action of phorbol esters may involve a direct effect on the phospholipid 
synthetic enzymes. With these factors in mind, a thorough investigation of 

Additionally, these investigators have evidence to 

prpc 9 IH-2009 IRW. 2-78) 
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the phospholipid metabolizing enzymes during TPA-induced cellular differentiation 
will also lend information regarding the role of phosphatidylcholine in cell 
growth and differentiation. 

C. PRELIMINARY STUDIES 

We have utilized HL-60 cells thus far in our preliminary studies t o  
investigate both polar and neutral lipid metabolism in hyperplastic (control) 
and TPA-differentiating systems. TPA caused an enhanced incorporation of 32P 
into total cellular phospholipids (Fig. 1). This stimulation was detected within 

0 4 8  24 48 72 
Time after TPA treatment, H 

Figure 1. 
after treatment w l t l i  ' I T A .  Cells were Incubated wlth 'I'PA ( 1 . 7  x I O - ' '  M) for L l t c '  
times indicated, and ''1) (200 vCi/culture) was added to L l i c *  ( : i l l  Lurcs  '4 1 1 1  ibdsIot-t* 
analysis. TPA and 32P were added simultaneously for a 4-hr incubation. Cells 
incubated without TPA served as controls. 
per mg cell protein; identical results were obtained when the data were expressed 
as dpm 32P per ~g phospholipid Pi. 

Stimulation o f  3 2 ~ ~  incorporation into p h o ~ p t i o ~  i p l d s  o f  I I I ~ - ~ ~ O  i . c . 1  I S  

The results are expressed as dpm "P 

(m, untreated; o u ,  TPA treated). 

4 hr after treatment and preceeded the TPA-induced stimulation of lysozyme 
synthesis, phagocytosis, and morphological differentiation. Phospholipid 
fractionation revealed that the metabolic stimulation of 32P incorporation was 
confined mainly to the choline- and ethanolamine-containing glycerophospholipids; 
sphingomyelin + lysophosphatidylcholine and phosphatidylinositol + phosphatidyl- 
serine were unaffected (Fig. 2 ) .  Treatment of the cells with 4-O-methyl-WA, - 



Privileged Commur~ ,,a t ion 
flarl. Imi. rntbrile initial) 

C..dOT, Hyles  C. 

1 I I 1  1 I 
16 A B 

4 8  24 413 4 8  24 48 72 
INCUBATION TIME (HOURS) 

Figure 2 .  
of HL-60 cells. Aliquots of total lipid from the experiment described in 
Figure 1 were separated into phospholipid classes by thin-layer chromatography 
in chloroform-methanol-acetic acid-water ( 5 0 : 2 5 : 8 : 4 ,  v/v). The lipids were 
visualized by HzSOI,  charrin , and the individual areas were assayed for 
phospholipid phosphorus. 39P zonal profile scans of all samples were used 
to calculate the contribution of the individual labeled phospholipids to the 
total lipid extract. A: phosphatidylcholine; B: phosphatidylethanolamine: 
C: phosphatidylinositol + phosphatidylserine; D: sphingomyelin + lysophospha- 
tidylcholine. (e--a, control cells; v, TPA-treated cells). 

The effect of TPA on 32P incorporation into individual phospholipids 

(1.7 x 
elicit any alteration in phospholipid metabolism. 
medium with different amounts of TPA for 24 hr resulted in a dose-related 
stimulation of 32P incorporation into the cellular phospholipids (Fig. 3 ) .  

M, 24 hr), an analog with poor tumor-promoting activity, failed to 
Supplementation of growth 



. ,  1 . ., .. ../ ,, 

Privileged Comn cation 

Conlini iaiwn 1)arlc- 

N 4 M E  (1-1. firs!. mtMle  iniital) 
BOT, Myles C. 

SOLIAI ~t ( . I I I ( I  ry NUMI~L I( 

238-80-9405 
Y I 

1 1 
10’10 10-9 10’” 

TPA concentration [MI - 
?igure 3. 
pith various concentrations of TPA. Cells were incubated f o r  24 hr in medium 
:ontaining TPA. 
zxtracted 4 hr later. 
:ells was designated as 100%. 

Stimulation of phospholipid metabolism In HL-60 cells after treatment 

32P (300 vCi/culture) was added at 20 hr and the lipids were 
The amount of lipid 32P incorporated into the untreated 

’his dose-response correlates with the susceptibility o f  the cells t n  c h  
nduction of cell differentiation by TPA. Cells c u l t  Lv;ltc4 I n  1 1 1 1 .  Ilrc.:;c-trl 1 ’  

f TPA ( 1 . 7  x lo-’’ M, 24 hr) thowed a 3-fold Increase over controlr; I n  LIIC. 
ncorporatlon of [1,2-14Clcholine; these results were identical with the 
2P findings. 

We have expanded this Investigation to compare the metabolism of neutral 
1i) Ids :iiid p l tospl io l  i p l r l s  I n  control and TPA-exposed c e l l s .  The data C n  T.lble I 

NlH.2009 [Rev. 2.781 Page 12 



Pr l v i l eged  Conrmur. a t  ion 

Continuat ion oar((: 
'L I 

T U L E  I 

The utilization of  [14Cjacetate  f o r  l i p i d  syn thes i s  in cont ro l  
a n d  T P ~ . - s u p p l r ~ . ~ e n t e a  1;L-60 l e u k e l z i a  c c l l s  

LIL-00 c e l l s  werc 1.1atcd 1 day betore  Lrcatroellt witii 'L'l'h ( 1  .7 x 1 0 - 1 O  11) n ~ r d  
incubated tiimultancuusly w i L h  10 D C L  1 2 - 1 4 ~ j a c e t a t e ,  S p C c L i I c  aciLvlLy 
54  pCi/pntol, fo r  2lb i ir.  
and analyzed a s  d e t a i l e d  i n  1 k t h O U S  
n;; c e l l  protein.  

l'he c e l l s  wcrc Iiarvested onu t o t a l  l i p i d s  ex t r ac t ed  
( p . 1 8 ) .  Data a r e  based o n  Uplit i n  l r p i d  pcr 

TIE l i p i d  c l a s ses  were resolved by thin- layer  chror.latoLra:$-,y. 

Labe 1 d i s  t r i b u  t i o n  ( dp; i  ) 

Incubat ion Free Fa t ty  Neutral  
condi t ions Phosphol ipids  Free Sterols"  Acids l i p i o s b  

351,111 19,875 27 ,796  42,425 Coiit r 01 

TPA-s u pp I euent e J 268,014 23,467 4 7 , 0 4 6  75,617 
-- 

W t t a i n e d  €rorn the  unsaponi f iab le  l r a c t i o n  i n  t o t a l  l i p i d  2nd v c r i f i c u  as 
s t c r o l  by thin- layer  chronatodraphy. 

h i e u  t ra 1 1 i p  i d  r e f  cr s t o  t lie comb i ncd t r i a  cy l b  l y  er o 1-a 1l;y I d i a  cy 1 i l y  c e r  01 
f r ac  t ion. 

demonstrate t h e  d i f f e r e n t i a l  u t i l i z a t i o n  of ["Clacetate f o r  t he  syn thes i s  of 
ce l lu la r  f a t t y  a c i d s  and i t s  incorpora t ion  i n t o  complex po la r  and n e u t r a l  
g lycero l ip ids .  I n  d i f f e r e n t i a t i n g  cells  versus  c o n t r o l s ,  a 70% increase i n  the  
incvrpora t ion  of  a c e t a t e  i n t o  the c e l l u l a r  f r e e  f a t t y  ac ids  vcs observed. 
Likevise,  the  u t i l i z a t i o n  of labeled f a t t y  ac ids  f o r  i ieutral  b l j c e r o l  i ; , i G  
syi i tbesis  was uarlcerily enhanced i n  the TPA-treated cultures (78:; over coi i t rol) .  
( ;uly ;A C l i t a l l  incrcasc  of r a d i o a c t i v i t y  in thc s t e r o l  f r a c t i o n  occurred i n  
t r e a t e d  c e l l s .  TI':. st i rauls t ior i  o i  FliosFtiolipid I.ietabo1isIr. was cr:aractl*rJze(! Ujr 

an  enhanced inco rpora t ion  of 32P and labe led  chol ine  i n t o  c e l l u l a r  rhosphol ipids .  
However, the pre l iminary  evidence seen from the u t i l i z a t i o n  of 11-' Clace ta te  
sugges ts  t h a t  t he  f a t t y  a c i d s  synthesized are p r e f e r e n t i a l l y  incorporated in1 ( 1  

neiitral l i p ids .  The e f f e c t  of TPA on acyl group tiirnovcr In pt io~pl io l  ililtl!i I I : I : *  
nct 1)ec.n 1nvtiHtfY;;ited. Therefore we can only Rptari i lnte  n~ to t l i c .  rc*iiritiii toi .  1 1 1 1 .  

rccluc:L l ( J n  o r  I ' ' ~ ( i l r . e t ; l i e - l , l , c ) ~ p ~ i i ) ~  i p l d  rnd ioac t lv l ty  I I I  ' I ' l ' A - ~ i i ~ i ~ i ~ ~ . i i i i . i i ~  4.11 ( . # . I  I!]. 
A s t imu la t ion  of n e u t r a l  l i p i d  synthes is  takes  p lace  dur ing  ce l lu l i i r  d i f l c r e n t i -  
a t i o n  (Table I) .  In o rde r  t o  determine i f  the  i so tope  d a t a  r e f l e c t  an ac tua l  
i nc rease  i n  the  n e t  amounts of c e l l u l a r  l i p i d ,  t o t a l  l i p i d s  from con t ro l  and 
TPA-treated c e l l e  were f r ac t iona ted  nnd quant i ta ted  (Table 11). On n per  rng 
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C e l l s  vc re  incubated i n  the  aLscnce o r  presene of 1P:. ( 1 . 7  x lU-10 1 1 )  Lo1 
48 iir. Cells  were harves ted ,  washer!, a n i  l i p i d s  ex t rac ted .  hi.lounts of  niLLr;il 
1 i p i d s  were determined by j’hoto(!erisitul.!etry a f t e r  rcsoluLion oii tLin- layers  of  
Silica Gel G .  

Lipid compositiona 
Incubat  ion 
Condi t ions Phosphol i p i d  S t e r o l s  T r  lacy 1~ l y  cero ls  Alky 1 d  lacy 11, l y  c e r o  Is 

Control  

TPA-treated 

125 

134 

3 3  

36 

42 

69 

2.5  

3 . 9  

“Values are given as vg l i p i d  per  mg p ro te in .  

l ro t e in  b a s i s ,  t he  TPA-treated ce l l s  showed a 64% increase i n  t r i a c y l g l y c e r o l s  
wer  the  con t ro l s .  Although the ether-containing l i p i d s  account f o r  a small  
mount of t h e  t o t a l  l i p i d s  i n  HL-60 ce l l s ,  an increase  similar t o  t h a t  observed 
m t he  t r i a c y l g l y c e r o l s  occurred i n  t h e  TPA-exposed c e l l s .  
:ombined wax es t e r - cho le s t e ro l  ester f r a c t i o n  i n  both con t ro l  and t r ea t ed  c e l l s  
:enmined i d e n t i c a l .  TPA treatment d i d  not  a l te r  the amount of c e l l u l a r  s t e r o l s ,  
tor w a s  t h e r e  a s i g n i f i c a n t  increase  i n  the  amount of t o t a l  phospholipids.  I t  
:bus appears  from these  d a t a  and experiments i n  which the  phosphat idylchol ine P i  
ras measured, t h a t  TPA does not  i n c r e a s e  phosphatidylcholine l e v e l s  i n  the  c e l l s ,  
)u t  r a t h e r  in f luences  i t s  turnover  rate. 

The amount of the 

Our more recent  s t u d i e s  have centered  on e the r  l i p i d  metabolism u t i l i z i n g  
Labeled f a t t y  a lcohols  as a l k y l  group precursors .  
iexadecanol i n t o  n e u t r a l  l i p i d s  (123% over  con t ro l )  r e su l t ed  i n  TPA-treated HL-60 
-ells. [l-’4C]Hexadecanol can c o n t r i b u t e  t o  both the syn thes i s  of e ther -  and 
rs ter- l inked l i p i d s ;  measurements showed e t h e r  l i p i d  synthes is  t o  be approxi- 
nately 50% higher  i n  TPA-exposed ce l l s .  These da ta  r e f l e c t  t h e  t o t a l  labeled 
.ther l i p i d  content  i n  c e l l u l a r  l i p i d s  and do not  d i f f e r e n t i a t e  t h e  proport ion 
)f  e ther - l inked  phosphoglycerides and n e u t r a l  a lkyld iacylg lycero ls .  
analyses  of the  phospholipid f r a c t i o n  (E-60 c e l l s )  show t h a t  TPA s t imula t e s  
plasmalogen production, whereas the  a l k y l  group composition of t r e a t e d  ce l l s  
1s unchanged. 

An enhanced incorpora t ion  of 

Preliminary 

I w a s  t r a ined  i n  t h e  area of  l i p i d  biochemistry,  and more s p e c i f i c a l l y ,  
l i p i d  enzymology. 
experience i n  f i e l d s  of l i p i d  metabolism, membrane biochemistry (membrane-enzyme- 
s u b s t r a t e  i n t e r a c t i o n s ,  membrane modi f ica t ion) ,  and t i s s u e  c u l t u r e .  As a r e s u l t  
of my p resen t  pos i t i on ,  I f e e l  w e l l  q u a l i f i e d  t o  pursue the  s t u d i e s  on the 
e f f e c t  of TPA on e t h e r  l i p i d  composition. 
and Health Sciences Divis ion is w e l l  equipped f o r  carrying ou t  t he  spec ia l ized  
ana lyses  t h a t  are requi red  t o  explore  a l l  f a c e t s  of l i p i d  biochemistry.  

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  has given me considerable  

The f a c i l i t y  a t  t h e  ORAU Medical 
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D. METHODS OF PROCEDURE 

1. Altera t ions  i n  c e l l u l a r  l i p i d  composltlon during TPA-induced d i f f e r e n t i a t i o n  

The modif icat ion of phosphat idylchol ine metabolism is t he  major l i p i d  
e f f e c t  e l i c i t e d  dur ing  TPA-induced d i f f e r e n t i a t i o n .  However, as w e  have noted in 
our prel iminary s t u d i e s ,  t h e  t r i a c y l g l y c e r o l  and a l k y l d i a c y l g l y c e r o l  content 
i n c r e a s e s  i n  leukemia ce l l s  exposed t o  TPA. I n  our i n i t i a l  s t u d i e s  we w i l l  
compare the  c e l l u l a r  l i p i d  composition of c o n t r o l  and TPA-exposed ce l l s ,  varying 
concentrat ion and t i m e  of exposure t o  TPA, t o  a s s e s s  t h e  e f f e c t s  of induced 
d i f f e r e n t i a t i o n  on t h e  levels of phosphat idylchol ine,  phosphatidylethanolamine, 
t r i a c y l g l y c e r o l s ,  and a lkyld iacylg lycero ls .  Addi t iona l ly ,  cancer  ce l l s  have been 
shown t o  contain e l e v a t e d  amounts of e ther- l inked l i p i d s .  I n  t h i s  respec t  no 
information is a v a i l a b l e  regarding t h e  e f f e c t s  of TPA on t h e  a l k y l  and alk-1-enyl 
composition i n  d i f f e r e n t i a t i n g  c e l l s .  Here, w e  w i l l  l i m i t  our  analyses  t o  the 
phospholipids f o r  two reasons:  1 )  membranes appear t o  be  t h e  major s i t e  of "PA 
a c t i o n ;  2 )  any d is turbance  i n  phospholipid metabolism would appear t o  a f f e c t  
t he  e t h e r  l i p i d  pathway. 
during induced d i f f e r e n t i a t i o n  will involve growing t h e  c e l l s  i n  media containing 
TPA Q.7 x lo-'' M f o r  most experiments) f o r  per iods  up t o  4 days. 
l i p i d s  from c o n t r o l  and t r e a t e d  c e l l s  w i l l  be analyzed by th in- layer  chromatog- 
raphy and q u a n t i t a t e d  by photodensitometry. 

The general  p ro tocol  f o r  l i p i d  compositional analyses 

The ex t rac ted  

2. Studies  of phosphat idylchol ine metabolism using rad io labe led  precursors  

TPA has been shown t o  s i g n i f i c a n t l y  s t i m u l a t e  t h e  incorporatwon of 32P 
and [ 4Clcholine i n t o  phosphatidylcholine.  
i n v e s t i g a t e  the e f f e c t s  of TPA on a) t h e  coupling o f - c h o l i n e  t r a n s p o r t  and 
phosphorylation, b)  phosphat idylchol ine a c y l  group metabolism, and c )  de  novo 
s y n t h e s i s  of phosphat idylchol ine from labe led  g l y c e r o l  and g l y c e r o l  precursor. 
Resul t s  from these  s t u d i e s  w i l l  provide prel iminary information on which p a r t s  
of t h e  molecule are e f f e c t e d  by TPA and give suppor t ive  information f o r  f u r t h e r  
s t u d i e s  involving t h e  molecular mechanism by which TPA s t i m u l a t e s  phosphatidyl- 
chol ine turnover. 

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

[l-14C]Palmitic and [l-14C]oleic ac id  w i l l  be e i t h e r  added t o  the growth 
medium (plus  serum, serum-free, o r  d e l i p i d a t e d  serum) i n  20 p 1  of absolu te  ethanol 
or sonicated i n  a small amount of medium and added t o  c u l t u r e s .  I n  most instances 
labe led  precursors  w i l l  be  en tered  24 h r  a f t e r  TPA addi t ion .  
compounds, such as g l y c e r o l ,  glucose,  and chol ine,  w i l l  b e  added as so lu t ions  
made i n  c u l t u r e  medium. 
according t o  t h e  f a c t o r s  being s tudied.  
c e l l s  w i l l  be ex tens ive ly  washed in cold  s a l i n e ,  i s o l a t e d  by b r i e f  cen t r i fuga t ion ,  
and the l i p i d s  e x t r a c t e d  and analvzed as d e t a i l e d .  

Water so luble  

Incubat ion t i m e  In t h e  presence of l a b e l  w i l l  be var ied 
Af te r  t h e  a p p r o p r i a t e  l a b e l i n g  period, 

D e t a i l e d  i n v e s t i g a t i o n s  w i l l  be c a r r i e d  o u t  u t i l i z i n g  c o n t r o l  and TPA- 
exposed HL-60 ce l l s  t o  determine i f  t h e r e  e x i s t  d i f f e r e n c e s  between the rate of 
uptake of [Me-'H]choline i n  c o n t r o l  (neop las t i c )  and d i f  f e r e n t i a t f n g  c w l  I system,+. 
Our i n i t i a l  experiments wi th  "P and [1,2-14C]choline suggest  t h a t  TPA modifying 
permeabi l i ty  is n o t  a f a c t o r  cont r ibu t ing  t o  t h e  rap id  s t i m u l a t i o n  of phosphatidyl- 
chol ine  label ing.  However, d e t a i l e d  i n v e s t i g a t i o n s  w i l l  be carried out varying 
t i m e  of exposure t o  TPA and t h e  concentraion of TPA i n  t h e  incubat ion  medium t o  
more thoroughly assess t h e  e f f e c t s  of TPA on t r a n s p o r t  and metabol ic  f a t e  of t he  
labe led  precursor.  Transport  of labe led  chol ine  w i l l  b e  s t u d i e d  by measurement 
of  t he  disappearance of r a d i o a c t i v i t y  from the  ce l l  media. The ra te  of 
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3 .  In vitro assays of the major phosphatidylcholine biosynthetic enzymes. 

EC 2. 
t Tans 

Optimal assay conditions for choline kinase (ATP:choline phosphotransfernse, 
c-yt  idyl y l -  7.1.32). phosphocholine cyt fdylyltransferasc (CTP:chol inc p h o n p l r : ~ ~  

rerase, EC 2. 7. 7. 15) , and ctwline phospllotrall:;fcr;ls~ ( C l ) l ' - f . l i o l  1iIi. : I ,2-(1 1;rc.y I -  
glycerol phosphocholinetransferase, EC 2.7.8.2) will be established using cell 
homogenate9 and subcellular fractions from control HL-60 cells. Once these 
conditions are established, the activities of the enzymes will be compared in 
control and TPA-exposed cells. 
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a .  ( 3 0 3  ine kinase. l11,-60 ce l  Is will be \iomop,cnlzed with a Pnttcr-Elvchjcm 
homogenizer in media containing 0 . 2 5  ?I sucrose, 1.0 mM EDTA, and 2.0 mM d f t h i o -  
threitol. The homogenate is centrifuged at 100,OOOg fo r  60 min and the supernatant 
will serve as the enzyme source. Choline kinase will be assayed as  described by 
Weinhold and Rethy (1974). 

b. Phosphocholine cytidylyltransferase. The microsomal and soluble 
fractions will be isolated from HL-60 cells and used as enzyme source. Phospho- . 

choline cytidylyltransferase will be assayed by the method of Ansell and Chojnacki 
(1969) as modified by Weinhold et al., (1973). 

c. Cholinephosphotransferase. The cholinephosphotransferase will be 
assayed by incorporation of phosphoryl- Be -"C]choline into phosphatidylcholine 
from CDP-[Me-"C]choline. 
modified by Vance and Burke (1974) will be used in the assay of this enzyme. 
The microsomal fraction will serve as the source of enzyme. The product, 
phosphatidylcholine, can be isolated from the reaction mixture by solvent 
extraction (Vance and Burke, 1974) ; however, thin-layer chromatography (Silica 
Gel HR) will be used to confirm product identification. 1,2-Diacyl-~-glycerol, 
a substrate in the reaction, will either be obtained commercially or prepared by 
phospholipase C treatment (Renkonen, 1966) of choline phosphoglycerides isolated 
from egg or from rat liver. The Isomeric puritywill be verified by thin-layer 
chromatography as described by Cabot and Gatt (1978). 

4. 

The procedure described by Weiss et al. (1958) and 

Measurement of intracellular cofactors of phosphatidylcholine biosynthesis 

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

--.-_- 
5 .  Specifics of procedure 

a) Cell culture i 
The hunan proigelocytic UL-60 leukeuia cells will be grown in bacterial 

plastic petri  d i s h e s  (KO. 1007, Falcon) in r,~ii1-1640 wedium plus 20% fctal calf 
serum supplemented with penicillin (100 units/ml) and streptorycin ( 1 C O  &/cl). 
Cell numbers will be determined from cell -counts after excluding cells stained 
with trypan blue. Cells will be treated with TPA 24 hr after subculture. In 
;most experiments the concentration of TPA in the culture medium will be in the 
range of lx lo-'' M; however ,-experiments will be conducted using concentrations 
ranging from 5 x 10-'--5 x 10 l o  M to assess the concentration effects on lipid 
metabolism. Explicit details of cell culture procedure, TPA supplementation and 
evaluation of cell differentiation have been cited elsewhere (Huberman and 
Callaham, 1979). TPA will be added to culture media in DMSO so that its final 
concentration does not exceed 0.1%. This amount of DMSO has no effect on cell 
growth or differentiation. 
stimulation of phosphatidylcholine metabolism preceeds the induction of differ- 
entiation markers (Huberman and Callaham, 1979). In view of this, it I s  important 
to stress that when setting up the individual experiments, careful consideration 
must be given to parameters-such as time of exposure, cell number, and degree 

- --- - -  

We have shown in our preliminary studies that the 

17 #In-7009 (Rev 2 781 
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Changes in the acyl group composition of phosphatidylcholine may indicate 
in control versus TPA-exposed cells altered physical properties of the membranes. 
To investigate the effects of TPA on acyl group composition, the phosphatidyl- 
choline fraction from control and treated cells will be isolated by preparative 
thin-layer chromatography in a solvent system containing chloroform/methanol/ 
acetic acidlwater ( 5 0 : 2 5 : 8 : 4 ) .  Methyl esters will be prepared by refluxing the 
phosphatidylcholine in methanol containing 2% H2S04 at 100°C (Ways et al., 1963) 
and analyzed by gas-liquid chromatography according to the methods dewrihed hy 
Blank and Snyder (1970) and Blank et al. (1976). 
the positional specificity of the fatty acids will be determined by gas-liquid 
chromatography after treatment of phosphatidylcholine with phospholipase AZ 
(Cabot and Snyder, 1978). 

6 .  Priorities 

Additionlly, differences in 

._- ..- 

The prforitics of  iwr proposed work will be essentially according L o  
the order outlined (pp. 15-18>. However, preliminary data w i l l  be obtained 
through lipid compositional studies of cells after specific treatments, and 
these results will direct future project decisions so that major composi- 
tional changes can be investigated from the point of view of establishing 
the underlying mechanism for the change. 

NlH.2009 (Rev. 2-78] page 18 
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We have a number of collaborative ties with scientists outside our group: 
cell biologists and toxicologists (Dr. Eliezer Hubeman's group, Oak Ridge 
National Laboratory)] organic chemists (Dr. Claude Piantadosi's group at the 
Univers i ty  of North Carolina, Chapel Hill) aric i.li.iss s ; ) ec troscop i s t s  a t  tllc Uiik 
Ridge ihtional Laboratory (Dr. \lilliai,l F.ainey). Tlicsc scientists could be 
hclpful in solving S O I ~ C  of the specialized problems that  mi,ht arise (cell 
dif ferentiation characterization, synthesis and identif ication of compounds). 

Consultant: 

Dr. Fred Snyder of our Division has agreed to serve as a consultant in this 
research project. A copy of his curriculum viate follows (Appendix 11). 

Timet ab le 

First year: We will concentrate our efforts on determining the cellular lipid 
compositional changes that occur in response to TPA-Induced differentiation. 
Close scrutiny will be given regarding the influence of concentration and time 
of exposure to TPA and how this effects the triacylglycerol, alkyldiacylglycerol, 
phosphatidylcholine, phosphatidylethanolamine, and alkyl group content of 
experimental cells. Studies will be initiated using labeled compounds to 
assess the effects of ' ITA on the coupling of choline transport and phosphoryl- 
ation, phosphatidylcholine acyl group metabolism, and de novo synthesis of 
phosphatidylcholine. We will recruit a postdoctoral fellow and technician 
to begin the second year. 

Second year: Studies of 'phosphatidylcholine synthesis will be completed. The 
optimal conditions for assaying choline kinase, phosphocholine cycidylyltrans- 
feraee and cholinephosphotransferase will be established and experiments 
initiated to determine the effects of TPA-induced differentiation on the 
activity of these anabolic enzymes. 

Third year: 
enzymes will continue. Simultaneously, experiments will be conducted to measure 
the effects TPA exerts on the cellular cofactors and substrates required for 
phosphatidylcholine synthesis. 

Studies on the activities of the phosphatidylcholine biosynthetic 
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Our l a b o r a t o r i e s  are wel l  equipped t o  conduct the experiments ou t l ined  
i n  t h i s  proposal.  
containing both  forced d r a f t  and water-jacketed incubators  equipped w i t h  
automatic COz c o n t r o l ,  laminar flow hoods? a self-contained biohazard hood, 
cou l t e r  counter ,  and l i q u i d  n i t rogen  r e f r i g e r a t o r .  For l i p i d  ana lyses  w e  have 
a complete l i n e  of th in- layer  chromatographic equipment, inc luding  a thin-  
l a y e r  zonal s c rape r ,  a spark  chamber f o r  chromatographic de t ec t ion  of 3H and 
“ C ,  and a photodensitometer designed f o r  q u a n t i t a t i v e  ana lys i s .  
the  following equipment: p repa ra t ive  and a n a l y t i c a l  cen t r i fuges  wi th  conven- 
t i o n a l  r o t o r s ,  an a n a l y t i c a l  Model E u l t r a c e n t r i f u g e ,  l i q u i d  s c i n t i l l a t i o n  
spectrometers ,  gas- l iquid chromatographs with a v a r i e t y  of column packings,  
an automatic f r eeze  d r y e r ,  Beckman DU and Acta C - I 1 1  spectrometer ,  equipment 
f o r  i s o l a t i n g  p r o t e i n s  ( e l ec t rophores i s  apparatus ,  f r a c t i o n  c o l l e c t o r s ,  columns), 
and a Cahn e l ec t roba lance  (Model 2 5 ) .  I n  o the r  s e c t i o n s  of our Divis ion w e  have 
access  t o  high pres su re  l i q u i d  chromatographs and e l e c t r o n  microscope se rv ice .  

We have recent ly  added a new t i s s u e  c u l t u r e  faciiitv 

We a l s o  have 

’USE OF DOE FACILITIES AND DOE COIlTRACT REQUIRElEKTS’ 

This  research  g r a n t  a p p l i c a t i o n  includes 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 he  U. S. Department of Energy and governed by an  
/ e x i s t i n g  con t r ac t  between Oak Ridge Associated Un ive r s i t i e s  (OI!!U) a n d  t he  DOE. 
The DOE has reviewed t h i s  proposal and has concurred i n  O U U  conducting t h e  
descr ibed  work i n  the  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 research ,  
s u b j e c t  t o  payment t o  the  DOE by 0RP.U from H I H  funds of the  a p p l i c a b l e  d i r e c t  
and i n d i r e c t  cos t  of the  work (not  including any charge f o r  t he  use  of EOE 
f a c i l i t i e s )  as determined by the  provis ions of the  DOE‘S c o n t r a c t  wi th  OMU. 

1 

It is bel ivcd  t h a t  i n  l a r g e  measure the  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  EIH o r d i n a r i l y  app l i e s  t o  i t s  grants .  I n  the  event of 
d i f f e rences  between NIH gran t  terms and the  DOE con t r ac t  terms, ORAU is  agree- 
a b l e  t o  meeting both t o  t h e  extent  t h a t  they a r e  not i n  c o n f l i c t ,  and t o  
applying those most f avorab le  to  the  Ucited S t a t e s  Government where t h i s  is 
involved. If NIH i s  aware of problems t h a t  such an approach would produce or 
sugges t ,  ORAU upon r e c e i p t  of such advice would r e f e r  the E a t t e r  t o  the COB f o r  
d i r e c t  r e s o l u t i o n  wi th  N I H .  

By way of gene ra l  information,  OPAU’s cont rac t  wi th  the  DOE is a cost-type 
con t r ac t  f inanced under a Government-fund account. The s p e c i f i c  con t r ac t  work 
i o  forrzulated i n  coopera t ion  with the  DOE and au thor ized  w i t h i n  gene ra l  guide- 
l i n e a  i n  the con t r ac t .  
Government ownership and con t ro l  of invent ions,  da ta ,  and o the r  r e sea rch  
products.  
funds i s  vested i n  t h e  U. S. Government a t  t he  time of q u i s i t i o n .  T h e  
con t r ac t  a l s o  conta ins  a l l  the  terms genera l ly  conunon t o  Government con t r ac t s  
of t h e  type under which ORXU conducts research  opera t ions  i n  Government-owned 
f a c i l i t i e s .  

Contract  terns include DOE r e s p o n s i b i l i t y  f o r  

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

F. Col labora t ive  Arrangements: None 
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'he undersigned agrees to accept responsibility f o r  the scientific and technicc1l 
:onduct of the project and for provision of required progress reports if a grant 
.s awarded as the result of this application. 

Date 

Prir#ipal Investigator 
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W. Id. Burr, I)lrector, 9 t t l c e  of Health and Environmental Research, 
tv-30, vir) (Yall %ation E-291, r*mntawr,) 

ORaU DPAFT GPANT APPLICATION EfdTITLEP ” E W E R  LIP13 METABOLISM IN 
CELL TRA~6FORHATION” (DOE 20-719-80) 

Attached for  your revlew and approval I s  a new g r a n t  appllcatfon t o  
%Iti crepared by ORN’.  The subject project, i f  approved, wlll be 
under the d l r e c t l o n  of Dr. Myles Cabot. Total direct  fundlng af 
$233,900 js requested for the three-year  proposed project  perfod 
begfnnlng December 1 ,  1930, through November 30, 1923. 
requested for the f i r s t  year I s  $86,0Nl. 

IHrect fund l r  

I M E  supwrt will c m s i s t  of th;  use of equipment and fac i l i t i es  as-  
signed t o  the r)UU Medical and Health Sciences D l v l s l o n  w i t h o u t  
charqe. Please advise whether you approve j o i n t  WE supwrt for 
this project based on DOE’S proqramt lc  interest. 

ORIGINAL SIGNED Bn 
K. M. HAYTHORN 

K. M. Paythorn, Mrector 
Energy Prourarns and Support D l v h l o n  ER-13: REI3 

Attachment: I 
Grant Application . 
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Oak Ridge 
Associated 
Universities 

January  14, 1980 

M r .  Kenneth M. Haythorn 
Energy Programs and Support  D iv i s ion  
Department of Energy 
Oak Ridge, Tennessee 37830 

Sub jec t :  DRAFT GRANT APPLICATION ENTITLED "ETHER L I P I D  METABOLISM I N  CELL 
TRANSFORMAT ION" 

Dear Mr. Haythorn: 

Enclosed are fou r  cop ie s  of a new g ran t  a p p l i c a t i o n  e n t i t l e d  "Ether  
L ip id  Metabolism i n  C e l l  Transformation".  
d i r e c t i o n  of D r .  Myles C. Cabot and, i f  approved, w i l l  b e  c a r r i e d  o u t  under 
procedures  and p o l i c i e s  a l r e a d y  e s t a b l i s h e d  between ORAU and t h e  DOE f o r  work 
i n  f a c i l i t i e s  owned by DOE. 
of t h i s  proposa l  p l e a s e  do n o t  h e s i t a t e  t o  cal l  D r .  Cabot a t  e x t e n s i o n  6-3122. 

This  p r o j e c t  w i l l  be under t h e  

Should any ques t ions  arise dur ing  your  review 

Formal cop ie s  of t h i s  a p p l i c a t i o n  should be forwarded t o  N I H  no l a t e r  
than  February 25, 1980. 

S in  r e l y ,  

4!2&967$L&M% 
P h i l i p  I!.. Johnson 
Execut ive Di rec to r  

RYAN : b r  

Enclosures  
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The occur rence  of e l e v a t e d . d e v e l s  of e the r - l i nked  l i p i d s  i n  n e o p l a s t i c  t i s s u e s  has  been 
w e l l  documented. 
cells have been e l u c i d a t e d ,  i n v e s t i g a t i o n  of t h e  mechanisms r e s p o n s i b l e  f o r  t h e  expres-  
s i o n  of these l i p i d  changes  h a s  been hampered due t o  t h e  l a c k  of a s u i t a b l e  b i o l o g i c a l  
model wherein e t h e r  l i p i d  stasis could be  fol lowed dur ing  the  process of c e l l u l a r  
d i f f e r e n t i a t i o n .  
acetate, which induce  t e r m i n a l  d i f f e r e n t i a t i o n  i n  human leukemia and melanoma cells,  
and tumor i n i t i a t o r - p r o m o t e r  t r ea tmen t  of mouse embryo C3H/lOT1/2 cells t o  e l i c i t  two- 
s t a g e  chemical  oncogenes i s ,  we  w i l l ,  for t h e  f i r s t  t i m e ,  b e  a b l e  t o  c o r r e l a t e  t h e  
dynamics of  e t h e r  l i p i d  metabol ism 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 .  
i s o l a t e d  from cel ls  d u r i n g  v a r i o u s  s t a g e s  of TPA-induced d i f f e r e n t i a t i o n ,  and oncogenic 
t r a n s f o r m a t i o n  w i l l  b e  r i g o r o u s l y  analyzed and t h e  ac t iv i t i e s  of t h e  key enzymes of 
e t h e r  l i p i d  metabol ism,  & a l k y l  c leavage  enzyme, a l k y l  syn thase ,  acyl-CoA r e d u c t a s e ,  
and f a t t y  alcohol:NAD+ ox idoreduc ta se  w i l l  b e  c h a r a c t e r i z e d  i n  v i t r o .  Other f a c t o r s  
c o n t r i b u t i n g  t o  t h e  r e g u l a t i o n  of e t h e r  l i p i d  metabol ism w i l l  a d d i t i o n a l l y  be i n v e s t i -  
ga ted :  c e l l u l a r  u t i l i z a t i o n  of g lucose  i n  supply ing  t h e  g l y c e r o l  backbone of t h e  a l k y l  
l i p i d s ,  a n a l y s i s  of c e l l u l a r  DHAP levels ,  and s y n t h e s i s  of a lky l - con ta in ing  n e u t r a l  
l i p i d s  v e r s u s  p o l a r  alkylglycerophosphatides. The u l t i m a t e  o b j e c t i v e  i s  t o  understand 
what f a c t o r s  are r e s p o n s i b l e  f o r  t h e  enrichment of  e the r - l i nked  l i p i d s  i n  cancer  c e l l s  
which cou ld  b e  l a te r  employed as i n d i c a t o r s  of p r e n e o p l a s t i c  change. 

Althocgh t h e  metabol ic  pathways of e t h e r  l i p i d  metabolism i n  cancer  

By u t i l i z i n g  tumor promoters,  such  as 12-0-tetradecanoylphorbol-13- 
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RESEARCH PLAN 

A. 

by t r ea tmen t  of human leukemic c e l l s  i n  c u l t u r e  w i t h  t h e  p o t e n t  tumor promotor, 

S p e c i f i c  A i m s .  We have been i n v e s t i g a t i n g  a l t e r a t i o n s  i n  l i p i d  metabolism e l i c t t e d  

12-0-tetradecanoylphorbol-13-acetate - ( P A ) .  These s t u d i e s  r evea led  t h a t  TPP. has a 

profound e f f e c t  on n e u t r a l  l i p i d  metabolism, i n  p a r t i c u l a r  t h e  t r i a c y l g l y c e r o l s  and 

a l k y l d i a c y l g l y c e r o l s .  

cel ls  (Snyder and Wood, 1968, 1969; Wood and Snyder,  1967) ; however t h e i r  r o l e  i n  

The l a t t e r  occur  a t  c h a r a c t e r i s t i c a l l y  h i g h  levels  i n  cancer  

t h e  n e o p l a s t i c  p r o c e s s  remains obscure .  Although much i s  known about  t h e  metabolism 

of  a l k y l  l i p i d s  (Wykle and Snyder,  1976) ,  a ce l l  c u l t u r e  system wherein t h e  levels of 

e the r - l i nked  l i p i d s  c a n  b e  modif ied via t h e  a c t i o n  of an  o u t s i d e  agen t  has  n o t  y e t  

been developed. It is s i g n i f i c a n t  t o  n o t e  t h a t  phorbol  d i 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  t h a n  i n h i b i t  t e r m i n a l  d i f f e r e n t i a t i o n  i n  

human leukemia ce l l s  (Huberman and Cal lahan,  1979) 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 cells (Huberman e t  a l . ,  1979) .  On t h e  o t h e r  hand, 

oncogenic  t r a n s f o r m a t i o n  can be  evoked i n  normal c u l t u r e d  cel ls  by s e q u e n t i a l  t rea tment  

with a tumor i n i t i a t o r  and promoter (Mondal e t  a l . ,  1976) .  These systems o f f e r  t h e  

un ique  advantage  for i n v e s t i g a t i n g  t h e  modulat ion of e the r - l i nked  l i p i d s  du r ing  both  

t h e  normal t o  n e o p l a s t i c  c e l l  t r ans fo rma t ion  and t h e  n e o p l a s t i c  t o  t e r m i n a l l y  

d i f f e r e n t i a t e d  state. Because e the r - l i nked  l i p i d s  are c l o s e l y  a l i g n e d  wi th  n e o p l a s t i c  

growth, it is  of i n t e r e s t  t o  ascertain a t  what p o i n t  d u r i n g  ce l l  t r ans fo rma t ion  t h e  

f i r s t  a l t e r a t i o n s  i n  e t h e r - l i p i d  s y n t h e s i s  can  be d e t e c t e d  and moreover w h a t  mechanisms 

are r e s p o n s i b l e  f o r  t h e  expres s ion  of t h e s e  changes.  

We w i l l  employ t h e  fo l lowing  sys tems t o  i n v e s t i g a t e  t h e  l i n k  between e t h e r  l i p i d s  

- and n e o p l a s i a :  (a) cance r  c e l l  c u l t u r e s  i n  which d i f f e r e n t i a t i o n  o c c u r s  e i t h e r  
0 

spontaneous ly  o r  i s  induced by t h e  p re sence  of phorbol  d i e s t e r s  i n  t h e  growth medium; 
-a 

(b) cance r  c e l l  c u l t u r e s  which are r e s i s t a n t  t o  TFA-induced d i f f e r e n t i a t i o n ;  ( c )  

c u l t u r e s  of normal cells which undergo oncogenic  t r a n s f o r m a t i o n  via  i n i t i a t o r -  

u: 

cn 
- 

promoter  treatment. U s e  of c e l l  c u l t u r e  systems manipulated i n  t h e  manner descr ibed  



the enzyme catalyzing the synthes is  of plasmalogens; 

in v i t r o  exposure to "FA on the microsomal enzymes of ether l i p i d  metabolism. 

a s s e s s  the influence of 



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

Berenhlum (1?41) d i scove red  t h a t  a s i n g l e  a p p l i c a t i o n  of benzpyrene 

t o  mouse s k i n  fol lowed by m u l t i p l e  a p p l i c a t i o n s  of c ro ton  o i l  had t h e  

remarkable  a b i l i t y  t o  e l i c i t  tumor growth.  

c r o t o n  o i l  are t h e  12 ,13 -d i - e s t e r s  of  the p o l y f u n c t i o n a l ,  t e t r a c y c l i c  

d i t e r p e n e  pa ren t  a l c o h o l  phorbol  (Hecker, 1966) .  12-0-Tetradecanoylphorbol- 

13-acetate, t h e  most abundant and most active tumor promoting agen t  of c r o t o n  

o i l ,  h a s  been used wide ly  i n  t h e  two-stage mouse s k i n  ca rc inogenes i s  system 

(Boutwell ,  1978) t o  s t u d y  t h e  mechanism of  tumor promotion. The u s e  of 

t i s s u e  c u l t u r e  systems h a s  a i d e d  g r e a t l y  i n  e l u c i d a t i n g  t h e  b i o l o g i c a l  

consequences of TPA exposure;  e a r l y  work w i t h  c u l t u r e d  HeLa-cells has  

demonstrated t h e  e f f e c t i v e n e s s  of TPA as a thymidine blocking a g e n t ,  a 

s t i m u l a t o r  of c h o l i n e  i n c o r p o r a t i o q  and a n  inducer  of cel l  growth ( S k s  et al., 

1972) .  Recent s t u d i e s  have shown t h a t  when tumor promoters are used s i n g l y  

t h e y  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 e ry th ro -  

leukemia cel ls  (Yamasaki e t  a l . ,  1977; F ibach  et  al . ,  1979; Rovera e t  al . ,  

1977) ,  mouse neuroblastoma ce l l s  ( I s6  et a l . ,  1978) ,  3T3 f i b r o b l a s t s  

(Diamond et a l . ,  1977) ,  and a v i a n  myob las t s  (Cohen e t  a l . ,  1976). Conversely,  

s t u d i e s  wi th  human myeloid leukemia ce l l s  (Huberman and Callaham, 1979; 

Rovera e t  al. ,  1979) and human melanoma cells (Huberman e t  al.,  1979) have 

r e v e a l e d  a r a t h e r  d rama t i c  a c t i o n  of phorbo l  esters: one of i n d u c t i o n  r a t h e r  

t h a n  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 .  

of events e l i c i t e d  by TPA on c e l l u l a r  d i f f e r e n t i a t i o n ,  tumor-promoting 

phorbol  esters s i g n i f i c a n t l y  al ter l i p i d  metabolism. 

The carc inogenic  p r i n c i p l e s  of 

I n  a d d i t i o n  t o  t h i s  dichotomy 

The experiments  of  Rohrschneider  and Boutwell  (1973) and Balznain 

et al .  (1974) examined t h e  r e l a t i o n s h i p  between TPA-induced tumor format ion  

i n  mouse ep idermis  and phosphol ip id  metabol ism and found t h a t  TPA 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 phosphat idyle thanolamine  and phosphat idylchol ine .  - 

, 



3 
I n  bovine lymphocytes TPA causes  an enhanced l a b e l i n g  w i t h  [methyl- HI- 

c h o l i n e  of phospha t idy lcho l ine ,  l y s o p h o s p h a t i d y l c h o l i n e  and sphingomyelin 

(Wertz and Muel le r ,  1975). Likewise,  H e L a  ce l l s  incubated  with low concen- 

t r a t i o n s  of TPA (lo-’ t o  lo-* M) show a r a p i d  i n c r e a s e  of cho l ine  incorpora t ion  

i n t o  c e l l u l a r  p h o s p h a t i d y l c h o l i n e  (Kinze l  et  a l . ,  1979) .  The p o s s i b i l i t y  

t h a t  TPA changes  o n l y  t h e  p e r m e a b i l i t y  f o r  t h e  r a d i o a c t i v e  precursor  was 

excluded, as t h e  e f f e c t  of TPA on l i p i d  metabolism was -a l so  observed when t h e  

cells  were p re incuba ted  w i t h  l a b e l e d  c h o l i n e .  

e f f e c t  of TPA on phosphol ip id  metabolism, TPA has a l s o  been shown t o  evoke 

I n  a d d i t i o n  t o  t h e  genera l  

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 h e s e  inc lude  

m o d i f i c a t i o n s  of l i p i d  m i c r o v i s c o s i t y  i n  lymphoblastoid ce l l s  (Castagna 

et a l . ,  1979) ,  i n h i b i t i o n  of a d i p o s e  conve r s ion  i n  3T3 f i b r o b l a s t s  (Diamond 

et al.,  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 a t e d  phosphat idylchol ine  

from a l v e o l a r  type I1 ce l l s  (Dobbs and Mason, 1978) ,  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  p roduc t ion  (Levine and Hassid,  1977; L w i n e  

and Ohuchi, 1978) ,  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 

ce l l s  (Huberman et  al . ,  1979) .  

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

t o  ce l l  c u l t u r e s  c a u s e s  myriad a l t e r a t i o n s  i n  l i p i d  metabolism, t h e  d i v e r s e  

e f f e c t s  of phorbo l  esters on c e l l u l a r  d i f f e r e n t i a t i o n  l e n d s  an added parameter 

when d e f i n i n g  TPA-induced m o d i f i c a t i o n s  of  l i p i d  metabolism. I n  t h i s  r e g a r d ,  

a cel 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  b e  followed would 

p rov ide  a r a t h e r  un ique  model f o r  s t u d y i n g  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  p rocess .  Human myeloid leukemia c e l l s  (HL-60) 

are ext remely  u s e f u l  f o r  such  s t u d i e s  s i n c e  a l a r g e  popula t ion  of t h e  c e l l s  

(more t h a n  90%) can  be induced t o  d i f f e r e n t i a t e  by phorbol  d i e s t e r s  (Huberman 

and Callaham, 1979) .  TPA-induced d i f f e r e n t i a t i o n  i n  t h e s e  c e l l s  has been 

- 



c h a r a c t e r i z e d  by morphologica l  changes,  decreased  c e l l  d i v i s i o n ,  a n  i n c r e a s e  

i n  t h e  pe rcen tage  of phagocy t i z ing  c e l l s ,  a t tachment  of t h e  c e l l s  t o  t h e  

subs t r a tum (Huberman and Callaham, 1979) and s t i m u l a t i o n  of s y n t h e s i s  and 

e x t r a c e l l u l a r  release of lysozyme (unpubl ished d a t a ) .  Th i s  l as t  f i n d i n g  is 

of i n t e r e s t  i n  view of t h e  f a c e  t h a t  TPA can cause  lysozyme release from 

p e r i p h e r a l  blood polymorphonuclear l eukocy tes ,  bu t  n o t  from a l v e o l a r  macrophages 

(Go lds t e in  et a l . ,  1975; Bigger ,  1978'). 

been d i s c r i b e d  by Huberman and c o l l a b o r a t o r s  (1979) i n  which human HO 

melanoma c e l l  d i f f e r e n t i a t i o n  i s  s t i m u l a t e d  by P A .  These 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 c l u d e  i n c r e a s e d  melanin  product ion  and format ion  of d e n d r i t e - l i k e  

s t r u c t u r e s ;  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 were a l s o  demonstrated.  

A system of l i k e  v e r s a t i l i t y  h a s  

T i s s u e s  and c e l l s  d i s p l a y  c h a r a c t e r i s t i c  l i p i d  composi t ions which 

i n  many cases are q u i t e  s p e c i f i c .  

l i p i d s ,  long-chain hydroxy-subs t i tu ted ,  and long-chain odd and even f a t t y  

a c i d s  (behenic ,  l i g n o c e r i c ,  ne rvon ic ,  ce reb ron ic )  ; a d i p o c y t e s  are h igh  i n  

t r i a c y l g l y c e r o l s ;  h e a r t  c o n t a i n s  c h o l i n e  plasmalogens,  a n  a l k y l  l i p i d  no t  

p r e s e n t  i n  o t h e r  t i s s u e s .  

s p e c i f i c  class of l i p i d s  i s  of p a r t i c u l a r  importance i n  t h e  p r e s e n t  i n v e s t i -  

g a t i o n .  Animal (Snyder and Wood, 1968) and human tumors (Snyder and Wood, 

1969) c o n t a i n  e l eva ted  levels of e the r - l i nked  l i p i d s  ( a l k y l d i a c y l g l y c e r o l s ) .  

This e the r - l i nked  n e u t r a l  l i p i d  class i s  unde tec t ab le  o r  is  found only  i n  

trace q u a n t i t i e s  i n  normal mammalian t i s s u e s .  The preponderance of e t h e r  

l i p i d s  i n  n e o p l a s t i c  t i s s u e s  raises some i n t r i g u i n g  ques t ions :  

b iochemica l  abnormal i ty  be u s e f u l  i n  de te rmining  t h e  b i o l o g i c  p o t e n t i a l  of 

l e s i o n s  of b o a r d e r l i n e  malignancy;  w h a t  is  t h e i r  p o s s i b l e  f u n c t i o n  i n  c e l l  

p r o l i t e r a t i o n ?  

Bra in  c o n t a i n s  h i g h  amounts of sphingo- 

The c l o s e  a s s o c i a t i o n  w i t h  cancer  c e l l s  of a 

can  t h i s  
4 

Books e d i t e d  by Wood (1973) and C a r r o l l  (1975) c o n t a i n  indep th  reviews 

of l i p i d  metabolism i n  cancer cells, ana a comparison of l i p i d  metabolism 



i n  normal and n e o p l a s t i c  growth has  been compiled by Lee and Snyder (1977).  

Although t h e  c e l l u l a r  f u n c t i o n s  of a l k y l  l i p i d s  have remained obscure  s i n c e  

t h e i r  d i scove ry  (Feulgen and Vo i t ,  1924; Doreg, L909),  t h e  b i o s y n t h e t i c  

pathways of t h e  e the r - l i nked  l i p i d s  are now w e l l  e s t a b l i s h e d  (Snyder e t  a l . ,  

1969; Hajra, 1969; Hajra, 1970; Snyder,  1972; Kahn and Kolat tukudy,  1973; 

Wykle and Snyder, 1976; Rock et a l . ,  1978) .  An i n t e r e s t i n g  d i s t i n c t i o n  between 

cance r  and normal t i s s u e s  is  t h a t  t h e  a n a b o l i c  pathways f o r  t h e  e the r - l i nked  

l i p i d s  and t h e i r  p r e c u r s o r s  are h i g h l y  act ive i n  a l l  cancer  cel ls  whereas 

t h e  enzyme act ivi t ies  t h a t  c l e a v e  t h e  e t h e r  bond are h i g h e s t  i n  normal 

t i s s u e s  (Soodsma et  a l . ,  1970) .  A thorough i n v e s t i g a t i o n  of t h e s e  phenomenon 

u t i l i z i n g  t h e  ce l l  systems desc r ibed  w i l l  f a c i l i t a t e  compar ia t ive  s t u d i e s  

of e t h e r  l i p i d  metabolism i n  normal and n e o p l a s t i c  cells. 

L i p i d s  are impor t an t  components of  c e l l u l a r  manbranes and membranes 

are impor tan t  t a r g e t s  f o r  phorbol  esters (Wenner et  al . ,  1974; Lee and 

Weins te in ,  1978; S i v a l c  et a l . ,  1972). Under c o n d i t i o n s  of -- i n  v i t r o  exposure,  

TPA h a s  been shown t o  e f f e c t i v e l y  i n c r e a s e  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  plasma 

* 
4 membrane enzymes Na+-K+-ATPase and 5 ' -nuc leo t idase ;  however, t h e  microsomal 

enzymes NADH d iaphorase  and glucose-6-phosphatase were not  a f f e c t e d  (S ivak  

et a l .  , 1972) .  I n  t h i s  r e s p e c t ,  no in fo rma t ion  i s  a v a i l a b l e  which d e f i n e s  

t h e  e f f e c t s  of -- i n  v i t r o  TPA exposure on t h e  l i p i d  metabol ic  enzymes. The 

s i t e  of synthesis of a l k y l d i a c y l g l y c e r o l s  and e the r -con ta in ing  glycerophos- 

p h o l i p i d s ' i s  t h e  endoplasmic r e t i cu lum;  i f  t h e  plasma membrane i s  t h e  

pr imary s i te  of TPA a c t i o n ,  t hen  a l t e r a t i o n s  i n  t h e  metabolism of e the r -  

l i n k e d  l i p i d s  may b e  a consequence of d i f f e r e n t i a t i o n  r a t h e r  than a d i r e c t  

consequence of TPA exposure.  

E the r  l i p i d  levels i n  cells can b e  manipulated by supplementing t h e  

growth medium w i t h  a l k y l g l y c e r o l s  such as hexadecylg lycero l  (Cabot and Snyder,  

1980);  t h i s  molecule  serves as p recu r so r  mainly f o r  s y n t h e s i s  of complex 
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e t h e r - c o n t a i n i n g  g lycerophosphat ides .  On t h e  o t h e r  hand t h e  aaoun t s  of 

a l k y l d i a c y l g l y c e r o l s  i n  c u l t u r e d  n e o p l a s t i c  c e l l s  has  been shown by S c o t t  

e t  a l . ,  (1979) t o  be  r e g u l a t e d  a t  t h e  level of g l y c o l y s i s .  S u b s t i t u t i o n  of 

g lucose  f o r  g a l a c t o s e  produced v e r y  low l e v e l s  of t r i a c y l -  and a l k y l d i a c y l -  

g l y c e r o l s ;  i n c r e a s i n g  t h e  c o n c e n t r a t i o n s  of g lucose  i n  t h e  growth medium 

r e s u l t e d  i n  as much as a t en - fo ld  i n c r e a s e  i n  n e u t r a l  g l y c e r o l i p i d s .  T h i s  

system p r o v i d e s  b a s i c  i n fo rma t ion  on t h e  r e g u l a t i o n  of e t h e r  l i p i d s  i n  

r e l a t i o n  t o  g l y c o l y s i s ,  however few systems are a v a i l a b l e  f o r  s tudy ing  e t h e r  

l i p i d  r e g u l a t i o n  as r e l a t e d  t o  t h e  d e g r e e  of c e l l  d i f f e r e n t i a t i o n .  I n  t h i s  

r ega rd  t h e  exper imenta l  systems and f i n d i n g s  of t h e  fo l lowing  i n v e s t i g a t o r s  

are of importance t o  t h e  p r e s e n t  i n v e s t i g a t i o n :  

(1). I n  normal  rat l i v e r ,  Mor r i s  7777 hepatoma and Mor r i s  779A minimal 
d e v i a t i o n  hepatoma (Snyder e t  a l . ,  1969),  t h e  q u a n t i t i e s  of e t h e r  
l i p i d s  were found t o  b e  p r o p o r t i o n a l  t o  growth ra te  of t h e  tumor 
and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  degree  of d i f f e r e n t i a t i o n .  

(2). The work of Howard et  a l . ,  (1972) u s i n g  a v a r i e t y  of t r a n s p l a n t a b l e  
hepatomas demonstrated a l i k e  c o r r e l a t i o n  between e t h e r  l i p i d s  and 
tumor d i f f e r e n t i a t i o n  and found t h a t  t h e  inc reased  e t h e r  l i p i d  l e v e l s  
w e r e  g e n e r a l l y  a s s o c i a t e d  w i t h  g l y c e r o l  phosphate  dehydrogenase levels: 
t h e  s lowes t  growing, more d i f f e r e n t i a t e d  tumors con ta ined  t h e  h ighes t  
amounts of enzyme. 
levels of dihydroxyacetone phosphate ,  t h e  g l y c e r o l  s o u r c e  of a l k y l -  
dihydroxyacetone phosphate.  
e t h e r  l i p i d  levels i n  VI-38 f i b r o b l a s t s  and W I - ~ ~ V A ~ ~ A ,  a l i n e  
d e r i v e d  from t h e  d i p l o i d  WI-38 by t r ans fo rma t ion  w i t h  SV40 v i r u s  
and found t h e  t ransformed l i n e  t o  c o n t a i n  approximate ly  3-times t h e  
amount of e the r - l i nked  l i p i d s .  

T h i s  enzyme would be impor tan t  i n  r e g u l a t i n g  t h e  

A d d i t i o n a l l y  t h e s e  i n v e s t i g a t o r s  compared 

(3). Brown et a l . ,  (1975) have shown t h a t  a l k y l d i a c y l g l y c e r o l s  occur  i n  
small q u a n t i t i e s  i n  t h e  thymuses of bo th  c o n t r o l  and i r r a d i a t e d  mice, 
however a 3- t o  8-fold i n c r e a s e  i n  t h i s  f r a c t i o n  occured i n  t h e  thymic 
tumors which formed a t  5 months p o s t i r r a d i a t i o n .  

(4). Rossman et a l . ,  (1979) have  i s o l a t e d  two c l o n e s  from mouse p r e p u t i a l  

gland tumor. These c l o n e s  w e r e  c l a s s i f i e d  as (a) cel ls  t h a t  undergo 

. morphological  d i f f e r e n t i a t i o n  i n  l i q u i d  medium to form round bodies  

f i l l e d  w i t h  l i p i d  vacuo les  and (b) cel ls  t h a t  do n o t  d i f f e r e n t i a t e .  

L i p i d  a n a l y s i s  of t h e  former r evea led  h igher  amounts of 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 ,  s t e r o l  esters, and wax esters. 
IOlQ52 -I 



(5) .  The metabolism of e t h e r - l i n k e d  g l y c e r o l i p i d s  h a s  been s t u d i e d  i n  

primary r a t  t r a c h e a l  e p i t h e l i a l  ce l l s  and i n  a c e l l  l i n e  de r ived  

from a benzo(a)pyrene-induced tumor ( S c o t t  e t  a l . ,  1979) .  Growth 

of t h e  primary e p i t h e l i a l  cel ls  i n  v i t r o  r e s u l t e d  i n  t h e  accumulat ion 

of a l k y l d i a c y l g l y c e r o l s  a t  levels comparable t o  t h o s e  found i n  t h e  

tumor c e l l  l i n e ;  t h i s  class of l i p i d s  could  n o t - b e  d e f e c t e d  i n  normal 

t r a c h e a l  ep i the l ium i n  v i v o .  

These s t u d i e s  c l e a r l y  demons t r a t e  t h a t  a c o r r e l a t i o n  exists between a l k y l d i a c y l -  

g l y c e r o l  l e v e l s  and c a n c e r ,  and p rov ide  ev idence  which i n d i c a t e s  t h a t  t h e  

metabol ic  anomalies  are a l i g n e d  w i t h  t i s s u e  and c e l l  d i f f e r e n t i a t i o n ,  however 

t h e  r o l e  of l i p i d s  i n  n e o p l a s i a ,  t h e i r  metabol ic  r e g u l a t i o n  d u r i n g  c e l l  

t r ans fo rma t ion  and t h e i r  u s e  as p o s s i b l e  markers  d u r i n g  t h e  e a r l y  even t s  of 

oncogenesis  are p o i n t s  which m e r i t  f u r t h e r  i n v e s t i g a t i o n .  These s t u d i e s  

would be f a c i l i t a t e d  by employing a system i n w h i c h  c e l l u l a r  d i f f e r e n t i a t i o n  

can be c a r e f u l l y  c o n t r o l l e d  and monitored.  

J 



C. Pre l imina ry  S t u d i e s :  We have u t i l i z e d  LH-60 c e l l s  t hus  f a r  i n  our  

s t u d i e s  t o  g a i n  an overview of b o t h  p o l a r  and n e u t r a l  l i p i d  metabolism i n  

h y p e r p l a s t i c  kont ro l )  and P A - d i f f e r e n t i a t e d  systems. TPA caused an enhanced 

i n c o r p o r a t i o n  of 32P i n t o  t o t a l  c e l l u l a r  phospho l ip ids .  This  s t i m u l a t i o n  

w a s  d e t e c t e d  w i t h i n  4 hours  a f t e r  t r e a t m e n t  and preceeded t h e  TPA-induced 

s t i m u l a t i o n  of  lysozyme s y n t h e s i s ,  p h a g o c y t o s i s ,  and morphological  

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

metabol ic  s t i m u l a t i o n  of 32P i n c o r p o r a t i o n  w a s  conf i ed  t o  t h e  cho l ine -  

Phosphol ipid f r a c t i o n a t i o n  r e v e a l e d  t h a t  t h e  

and ethanolamine-containing p h o s p h o l i p i d s ,  whereas sphingomyelin,  phosphat ldyl -  

i n o s i t o l  and p h o s p h a t i d y l s e r i n e  were u n a f f e c t e d .  Treatment of t h e  ce l l s  w i t h  

4-O-methyl-TPA, - (1.7 x 10-l' M; 24 hour s )  a n  ana log  wi th  poor tumor promoting 

a c t i v i t y ,  f a i l e d  t o  e l i c i t  any a l t e r a t i o n  i n  phosphol ipid metabolism. Supple- 

men ta t ion  of t h e  growth medium w i t h  d i f f e r e n t  amounts of TPA f o r  24 hours  

r e s u l t e d  i n '  a dose - re l a t ed  s t i m u l a t i o n  of 32P i n c o r p o r a t i o n  into t h e  c e l l u l a r  

phosphol ip ids .  Th i s  dose-response c o r r e l a t e s  w i t h  t h e  s u s c e p t i b i l i t y  of  t h e  

cells  t o  t h e  induc t ion  of ce l l  d i f f e r e n t i a t i o n  by TPA. 

t h e  ? re sence  of "PA (1.7 x 10-l' M) f o r  24 hour s  showed a 3-fold i n c r e a s e  ove r  

c o n t r o l s  i n  t h e  i n c o r p o r a t i o n  of  [ 1, 2-14C] c h o l i n e  i n t o  phosphat idylchol ine ,  

r e s u l t s  which were i d e n t i c a l  w i t h  t h e  3% f i n d i n g s .  

Cells c u l t i v a t e d  i n  

3 However, when [2- HI- 

i n o s i t o l  w a s  incubated  wi th  "PA-treated cells ,  a 2-fold i n c r e a s e  i n  t h e  

p h o s p h a t i d y l i n o s i t o l - a s s o c i a t e d  r a d i o a c t i v i t y  occured. This  l a t t e r  f i n d i n g  

may be r e f l e c t i v e  of t h e  modi f ied  pathway by which t h e  a n i o n i c  phosphoglycer ides  

are syn thes i zed .  

i n  d i f f e r e n t i a t i n g  human leukemia ce l l s  w e  

a s p e c t s  of l i p i d  metabolism occur  d u r i n g  t h e  d i f f e r e n t i a t i o n  process .  

I n  a d d i t i o n  t o  t h e  e f f e c t  of TPA on phosphol ipid metabolism 

seek  +o i n v e s t i g a t e  i f  o t h e r  

The d a t a  of Table  I demonst ra te  t h e  d i f f e r e n t i a l  u t i l i z a t i o n  of [14C]acetate 

f o r  t h e  s y n t h e s i s  of c e l l u l a r  free f a t e  a c i d s  and t h e i r  i n c o r p o r a t i o n  i n t o  

\ 0 7 5 2 3 n e u t r a l  g l y c e r o l i p i d s .  



TABLE I 

and PA-supplernexted HL-60 Leukemia ceLZs 
The u t i l i z a t i o n  of 14C-acetat9 for l i p i d  synthesis in control 

HL-60 c e l l s  were p l a t e d  1 day b e f o r e  t r ea tmen t  w i th  TPA ( 1 . 7  x lo-’’ ?I) 
and incubated  s imul taneous ly  w i t h  1 0  V C i  [ 2 - ’4C]ace ta t e ,  s p e c i f i c  a c t i v i t y  
54 uCi/umol, f o r  24 h. The c e l l s  were harves ted  and t o t a l  l i p i d s  ex t r ac t ed  
and ana lyzed  as d e t a i l e d  i n  Methods. Data are  based on dpm i n  l i p i d  p e r  mg 
ce l l  p r o t e i n ;  t h e  l i p i d  classes w e r e  r e so lved  by t h i n - l a y e r  chromatography. 

Xncubat i o n  .Label d i s t r i b u t i o n  
c o n d i t i o n s  

b Phospho l ip ids  F ree  Sterols‘  -Free  F a t t y  Neut ra l  
A c  i d  s l i p i d s  

Cont r o 1 351,111 19,875 27,796 42,425 

TPA- supplement ed 268,014 23,467 47,046 75,617 

a Obtained from t h e  u n s a p o n i f i a b l e  f r a c t i o n  i n  t o t a l  l i p i d  and v e r i f i e d  
as s t e r o l  by th in - l aye r  chromatography. 

%eu tral  l i p i d  r e f  er s t o  t h e  combined t r i ac  y l g l y c  e r o  l - a lky ld  i acy l -  
g l y c e r o l  f r a c t i o n .  

I n  d i f f e r e n t i a t i o n - i n d u c e d  ce l l s  v e r s u s  c o n t r o l ,  a 70% i n c r e a s e  occurred i n  

t h e  i n c o r p o r a t i o n  of acetate i n t o  t h e  c e l l u l a r  f r e e  f a t t y  a c i d s .  Likewise,  

t h e  u t i l i z a t i o n  of l a b e l e d  f a t t y  a c i d s  f o r  n e u t r a l  g l y c e r o l i p i d  s y n t h e s i s  

was  markedly enhanced i n  t h e  TPA-treated c u l t u r e s  (78% over  c o n t r o l ) .  Only 

a small i n c r e a s e  of  r a d i o a c t i v i t y  in t h e  s t e r o l  f r a c t i o n  occurred  i n  t r e a t e d  

cells. It is i n t e r e s t i n g  t o  n o t e  t h e  opposing e f f e c t s  of PA-induced 

d i f f e r e n t i a t i o n  on phosphol ip id  metabolism as c h a r a c t e r i z e d  by 32P and l abe led  

p o l a r  head groups  and t h e  [ Clace ta t e - l abe led  a c y l  groups.  I n  t h e  i n s t a n c e  
1 4  

of t h e  l a t te r ,  a r e d u c t i o n  of phosphol ip id  r a d i o a c t i v i t y  occurred  i n  t h e  TPA- 

suppl emen t ed c ells. 



As implied from t h e  d a t a  of T a b l e  I ,  a s t i m u l a t i o n  of n e u t r a l  l i p i d  s y n t h e s i s  

t a k g  p l a c e  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 .  I n  o r d e r  t o  de te rmine  i f  t h e  

i s o t o p e  d a t a  r e f l e c t  a n  a c t u a l  i n c r e a s e  i n  t h e  n e t  amounts of c e l l u l a r  l i p i d ,  

t o t a l  l i p i d s  from c o n t r o l  and 'PA- t rea ted  c e l l s  w e r e  f r a c t i o n a t e d  and analyzed 

(Table  11). 

TABLE I1 

Lipid composition of control and PA- t rea ted  HL-60 leukemia c e l l s  
-10 

C e l l s  were incubated  i n  t h e  absence  or presence  of P A  (1 .7  x 1 0  M) 
f o r  48 h. Cells w e r e  h a r v e s t e d ,  washed and l i p i d s  e x t r a c t e d .  Amounts 
of n e u t r a l  l i p i d s  were de termined  a f t e r  r e s u l u t i o n  on th in - l aye r  p l a t e s  
by photodens i tomet ry .  

Incubat  i o n  
c o n d i t i o n s  

L ip id  composi t iona 

Phosphol ip id  S t er o l  s T r i a c y l -  Alkyld iacyl -  
g lyc  e r o  Is g l y c  er o l  s 

Con t r o l  125  33 42 2.5 

TPA- trea t ed 134  36 69 3.9 

'Values are g i v e n  as pg l i p i d  per  mg p r o t e i n .  

On a p e r  mg p r o t e i n  b a s i s ,  t h e  c o n t r o l  cells  conta ined  42 pg t r i a c y l g l y c e r o l s  

v e r s u s  69 pg i n  t h e  TPA-treated ce l l s  (64% i n c r e a s e ) .  

c o n t a i n i n g  l i p i d s  accoun t  f o r  a sma l l  amount of t h e  t o t a l  l i p i d s  i n  HL-60 

cells, a n  i n c r e a s e  similar t o  t h a t  observed i n  t h e  t r i a c y l g l y c e r o l s  occur red  

i n  t h e  TPA-exposed cells .  

ester f r a c t i o n  i n  b o t h  c o n t r o l  and t r e a t e d  c e l l s  remained i d e n t i c a l .  

Although t h e  e the r -  

The amount of t h e  combined wax e s t e r - c h o l e s t e r o l  

TPA 

t r a m e n t  d i d  n o t  a l ter  t h e  amount of c e l l u l a r  s t e r o l s ,  nor  w a s  t h e r e  a 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  amount of phosphol ip id .  

1 0 1 9 5 2 5  
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Our more r e c e n t  s t u d i e s  have c e n t e r e d  on e t h e r  l i p i d  metabolism u t i l i z i n g  a 

l a b e l e d  f a t t y  a l c o h o l  p r e c u r s o r .  An enhanced i n c o r p o r a t i o n  of hexadecanol 

i n t o  n e u t r a l  l i p i d s  (123% over  c o n t r o l )  r e s u l t e d  i n  P A - t r e a t e d  HL-60 c e l l s .  

S i n c e  [l-14C]hexadecanol c a n  c o n t r i b u t e  t o  bo th  t h e  s y n t h e s i s  of e the r -  and 

e s t e r - l i n k e d  l i p i d s ,  chemica l  r e d u c t i o n  of t h e  l a b i l e  a c y l  groups showed 

e t h e r  l i p i d  s y n t h e s i s  t o  b e  approximate ly  50% higher  i n  TPA-exposed cells .  

These d a t a  r e f l e c t  t h e  l a b e l e d  e t h e r  l i p i d  con ten t  i n  t o t a l  c e l l u l a r  l i p i d s  

and do n o t  d i f f e r e n t i a t e  e the r - l i nked  phosphoglyceridch from n e u t r a l  a l k y l -  

d i a c y l g l y c e r o l s .  P r e l i m i n a r y  s t u d i e s  conf ined  t o  a l k y l  group a n a l y s e s  of 

t h e  phosphol ip id  f r a c t i o n  (HL-60 cells) show t h a t  TPA has  a s t i m u l a t o r y  

e f f e c t  on plasmalogen p roduc t ion  however a l k y l  group composi t ion of c o n t r o l  

and t r e a t e d  c e l l s  remained s i m i l a r .  

S t u d i e s  have now been i n i t i a t e d  w i t h  c u l t u r e d  human melanoma cel ls  which 

likewise c a n  be induced t o  d i f f e r e n t i a t i o n  by t rea tment  w i t h  TPA. 

v a l u a b l e  f e a t u r e  of t h i s  c e l l  model h a s  been t h e  es tab l i shment  of a c l o n e  

which does  n o t  d i s p l a y  d i f f e r e n t i a t i o n  c h a r a c t e r i s t i c s  when grown i n  t h e  

p re sence  of TPA. 

cel ls  c o n t a i n  g r e a t e r  amounts o f  n e u t r a l  g l y c e r i d e s  and u n l i k e  t h e  human 

leukemia cel ls ,  d i s p l a y  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c h o l e s t e r o l  ester-wax 

ester component. 

A 

I n  t h e  TPA-susceptible melanoma w e  have shown t h a t  t r c a t e d  

. 
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D. Methods of Procedure.  The human promyelocyt ic  HL-60 leukemia ce l l s  

w i l l  be  grown i n  bacterial p l a s t i c  p e t r i  d i s h e s  (No. 1007, Falcon) ,  i n  

RPMI-1640 m e d i u m  p l u s  20% f e t a l  c a l f  serum supplemented w i t h  p e n i c i l l i n  

(100 u n i t s / m l )  and s t rep tomycin  (100 vg/ml) .  

A0 melanoma (TPA-resis tent)  w i l l  be  c u l t u r e d  i n  Dulbecco 's  modified Eagle ' s  

Human HO melanoma cells and 

medium w i t h  102 f e t a l  c a l f  serum. C e l l  numbers are determined from ce l l  

counts  a f t e r  exc luding  cel ls  s t a i n e d  w i t h  t rypan  b lue .  Cells w i l l  be  

t r e a t e d  w i t h  TPA and o t h e r  phorbol  ana logs  24 h r  a f t e r  subcu l tu re .  E x p l i c i t  

details  of  ce l l  c u l t u r e  procedure,  TPA supplementa t ion  and eva lua t ion  of 

cel l  d i f f e r e n t i a t i o n  have been c i t e d  e l sewhere  (Huberman and Callaham, 1979; 

Hubenan  e t  a l . ,  1979) .  ' P A  and i t s  ana logs  w i l l  be added to c u l t u r e  media 

i n  DNSO so t h a t  i ts f i n a l  c o n c e n t r a t i o n  does  n o t  exceed 0.1%. Th i s  amount of 

DMSO has  no e f f e c t  on c e l l  growth o r  d i f f e r e n t i a t i o n .  The oncogenic t r ans -  

format ion  of  C3H/lOT 1/2 cells h a s  been d e s c r i b e d  by Mondal et al . ,  (1976). 

B r i e f l y  C3H/IOT 1/2 cells are p l a t e d  i n  60 nsm p l a s t i c  d i s h e s  i n  5 m l  of 

b a s a l  medium (Eag le ' s )  p l u s  10% hea t - inac t iva t ed  f e t a l  c a l f  serum and 

incubated  i n  a humidif ied incuba to r  a t  37' i n  an atmosphere of 5X C02 i n  

air .  Twenty-four h r  a f t e r  p l a t i n g ,  t h e  medium i s  rep laced  wi th  t h e  same 

medium c o n t a i n i n g  t h e  i n i t i a t o r  carc inogen  (benzo(a)pyrene,  3-methylcholan- 

t h r e n e ,  7,12-dimethylbenz[a]anthracene) and fo l lowed 4 days l a te r  by a 

nont ransforming  amount of "?A. By u t i l i z i n g  t h i s  procedure,  t h e  processes  

of i n i t i a t i o n  and promotion occur ,  a n d h e  involvement of l i p i d s  dur ing  

oncogenic t r a n s f o r m a t i o n  can b e  s t u d i e d  in v i t r o .  



Lipid  i s o l a t i o n  and a n a l y s e s .  C e l l u l a r  l i p i d s  will be e x t r a c t e d  by a 

modified method of B l igh  and Dyer (1959) i n  which t h e  methanol c o n t a i n s  

2% g l a c i a l  acet ic  a c i d .  Both n e u t r a l  and p o l a r  l i p i d  c l a s s e s  can be 

r e so lved  by t h i n - l a y e r  chromatography i n  a var ie ty  of proven s o l v e n t  systems. 

The more r e f i n e d  s e p a r a t i o n s  i n c l u d e  t r i a c y l g l y c e r o l s  and a l k y l d i a c y l g l y c e r o l s ,  

hexane /d ie thy l  e t h e r / a c e t i c  a c i d  (80:20:1); c h o l e s t e r o l  es ters-wax esters- 

a l k y l d i a c y l g l y c e r o l s ,  benzene (100%); and alkylglycerols-alk-l-enyl g l y c e r o l s ,  

d i e t h y l  e t h e r / a c e t i c  a c i d / w a t e r  (lO0;O. S/O.  5 ) .  

t h in - l aye r  r e so lved  l i p i d s  i s  accomplished by H2S04 c h a r r i n g  of t h e  chromato- 

p l a t e s  a t  2OOOC fol lowed by photodensi tometry accord ing  t o  P r i v e t t  e l  al., 

(1965). 

Q u a n t f t a t i v e  a n a l y s i s  of t h e  

When r a d i o l a b e l e d  l i p i d  p r e c u r s o r s  are u t i l i z e d  i n  ce l l  c u l t u r e  

systems, t h e i r  d i s t r i b u t i o n  i n  t h e  l i p i d  e x t r a c t  w i l l  be  determined by zonal  

p r o f i l e  scanning  of t h e  chromatogram (Snyder and K i m b l e ,  1965).  The a l k y l  

group con ten t  of e the r -con ta in ing  phosphol ip ids  w i l l  be  a s s e s s e d  by V i t r i d e  

r e d u c t i o n  t o  cleave l a b i l e  esters fol lowed by r e s o l u t i o n  of t h e  p roduc t s ,  

a l k y l g l y c e r o l s  and a lk - l - eny lg lyce ro l s ,  on t h i n - l a y e r  p l a t e s .  

I n c r e a s i n g  t h e  membrane-associated e the r -con ta in ing  phospho l ip ids  of cancer  

cells w i l l  be  accomplished by chimyl a l c o h o l  supplementat ion t o  t h e  growth 

medium as r e c e n t l y  desc r ibed  (Cabot and Snyder, 1980).  Eva lua t ion  of t h e  

e f f e c t s  of TPA on the chimyl a l c o h o l  t r e a t e d  cells w i l l  i n v o l v e  assessment  

of d i f f e r e n t i a t i o n  c h a r a c t e r i s t i c s  (HL-60 leukemia and HO-melanoma) i n  

phorbol  ester t r e a t e d  v e r s u s  cel ls  incubated  i n  t h e  absence of tumor promoter. 

Experimental  des ign .  (a) TPA and a number of phorbol d e r i v a t i v e s  wi th  

va ry ing  promoter act ivi t ies  are r e a d i l y  a v a i l a b l e  from commercial sources .  

I n  gene ra l  t h e  p r o t o c o l  f o r  examining t h e  l i p i d  a l t e r a t i o n  i n  TPA-induced 

d i f f e r e n t i a t i n g  ce l l s  w i l l  i n v o l v e  c u l t u r i n g  leukemia and melanoma ce l l s  

wi th  v a r i o u s  c o n c e n t r a t i o n s  of tumor promoter o r  s u i t a b l e  ana log  f o r  va ry ing  

time per iods .  Likewise t h e  C3H/ lOT 1/2 ce l l s  w i l l  b e  oncogen ica l ly  



t ransformed i n  c u l t u r e  as  desc r ibed  by l londal e t  a l . ,  (1976)  and t e s t e d  

f o r  t ype  111 t ransformed f o c i  (Reznikoff e t  a l . ,  1973) .  Leukemia, melanoma 

and mouse embryo C3H/lOT 1 / 2  c e l l s  a t  v a r i o u s  stages of t r ea tmen t  w i l l  t hen  

be  c h a r a c t e r i z e d  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  f o r  e t h e r  l i p i d  composi t ion.  

Transformed C3H/lOT 1 / 2  c e l l s  c o n s i s t e n t l y  produce f ibrosarcomas  when 

i n j e c t e d  i n t o  C3H m i c e .  

p rocedure  t o  i n v e s t i g a t e  t h e  e t h e r  l i p i d  m o d i f i c a t i o n s  i n  t h e  animal-hosted 

tumor. 

We w i l l  a d d i t i o n a l l y  t a k e  advantage of  t h i s  

The e v a l u a t i o n  of e t h e r  l i p i d  metabol ism i n  t h e  c e l l  systems desc r ibed  

can  be f a c i l i t a t e d  by u t i l i z i n g  r a d i o l a b e l e d  f a t t y  a l c o h o l  p recu r so r s .  

p a r t i c u l a r  [l- Hlhexadecanol,  syn thes i zed  by r e d u c t i o n  of un labe led  p a l m i t i c  

a c i d  w i t h  LiAl H i s  advantageous over  t h e  [l-14C]alcohol p r e c u r s o r s  i n  t h a t  

b i o l o g i c a l  o x i d a t i o n  of t h e  former y i e l d s  a n  unlabe led  f a t t y  a c i d .  

i n c o r p o r a t i o n  of t h e  a c i d  i n t o  acy l - l i nked  l i p i d s  w i l l  no t  c o n t r i b u t e  t o  

I n  

3 

3 
4 

There fo re  

3 l i p i d  r a d i o a c t i v i t y ,  and H recovered  i n  t h e  c e l l u l a r  l i p i d  extracts w i l l  

be a s s o c i a t e d  o n l y  w i t h  e ther - l inked  phospho l ip ids  and n e u t r a l  l i p i d s  ( a lky l -  

d i a c j l g l y c e r o l s  and u n u t i l i z e d  f a t t y  a l c o h o l ) .  

be ana lyzed  by th in - l aye r  chromatography i n  t h e  manner desc r ibed .  

e v a l u a t i o n  of the r e s u l t s  gained from l i p i d  composi t iona l  changes and 

c e l l u l a r  u t i l i z a t i o n  of  l a b e l e d  f a t t y  a l c o h o l s  w i l l  p rovide  necessa ry  

in fo rma t ion  f o r  i n v e s t i g a t i n g  l i p i d  enzymological  phenomenon occur r ing  du r ing  

ce l l  t r ans fo rma t ion .  These procedures  w i l l  i nvo lve  k i n e t i c  e v a l u a t i o n  of 

t h e  a n a b o l i c  and c a t a b o l i c  enzymes of e t h e r  l i p i d  metabolism and w i l l  be 

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

ob ta ined  by conven t iona l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  methods c u r r e n t l y  

T o t a l  c e l l u l a r  l i p i d s  cr.n then  

Close 

e be ing  used i n  
0 
2 
s 
tn The enzymatic 
r\3 

9 l i n k e d  l i p i d s  

ou r  l a b o r a t o r y .  

pathways t h a t  l e a d  to t h e  s y n t h e s i s  and degrada t ion  of e the r -  

have been thoroughly i n v e s t i g a t e d  by t h i s  l a b o r a t o r y  and 
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o t h e r s  and t h e  enzymes c h a r a c t e r i z e d .  The i n  v i t r o  enzyme a s s a y  procedures  

are r o u t i n e l y  p r a c t i c e d  and i n  many c a s e s  t h e  s u b s t r a t e s  a r e  a v a i l a b l e  or 

can  e a s i l y  be syn thes i zed  v i a  enzymatic  o r  chemical  means. 

(b)  Ca tabo l i c  s t u d i e s  invo lv ing  t h e  c l eavage  of t h e  a l k y l  moei ty  of e the r -  

l i n k e d  l i p i d s  w i l l  be c a r r i e d  o u t  acco rd ing  t o  t h e  optimum c o n d i t i o n s  

d e s c r i b e d  by Soodsma et a l . ,  (1972) and Snyder e t  a l . ,  (1973). The 

tetrahydropteridine-dependent - 0-a lkyl  c l eavage  enzyme'can u t i l i z e  glycero-  

l i p i d  s u b s t r a t e s  t h a t  do n o t  have a s u b s t i t u e n t  a t  t h e  E-2 p o s i t i o n  (Snyder 

et al., 1973) .  

[1-14C] e t h e r  which has been p repa red  commercially on s p e c i a l  r e q u e s t .  

We w i l l  u s e  as s u b s t r a t e  i n  t h e s e  s t u d i e s  rac-hexadecylg lycero l  - 

( c )  The f i r s t  d e t e c t a b l e  product  i n  t h e  b i o s y n t h e s i s  of t h e  a l k y l  e t h e r  l i p i d s ,  

alkyldihydroxyacetone-P, i s  c a t a l y z e d  by a l k y l  s y n t h a s e  i n  a n  a lky l - acy l  

d i sp lacement  r e a c t i o n  t h a t  o c c u r s  between a long-chain f a t t y  a l c o h o l  and 

akyldihydroxyacetone-P. T h i s  enzyme w i l l  be c h a r a c t e r i z e d  i n  microsomes 

prepared  from ce l l s  a t  v a r i o u s  s t a g e s  of  t r ea tmen t  acco rd ing  t o  a r e c e n t l y  

d e s c i b e d  system (Brown and Snyder,  1979) .  I n t e r p r e t a t i o n  of t h e  results 

o b t a i n e d  from c e l l  c u l t u r e  i n  v i v o  s t u d i e s  of e t h e r  l i p i d  s y n t h e s i s  can  be 

s u b s t a n t i a t e d  by t h e  i n  v i t r o  k i n e t i c  e v a l u a t i o n  of  a l k y l  syn thase ;  a l though  

t h e  s p e c i f i c  a c t i v i t y  of alkyl s y n t h a s e  i n  tumors f a r  exceeds t h a t  of normal 

t i s s u e s ,  w e  are p r e s e n t l y  unab le  t o  f o r e c a s t  t h e  i n f l u e n c e  of chemical ly-  

mediated c e l l  t r ans fo rma t ion  on t h e  a c t i v i t y  of t h i s  enzyme. 

Other  key enzymes involved i n  t h e  s y n t h e s i s  and r e g u l a t i o n  of t h e  e the r -  

l i n k e d  l i p i d s  are t h e  acyl-CoA r e d u c t a s e s  and f a t t y  alcoho1:NAD 

oxidoreductases .  

s y n t h e s i s  as t h e  product  f a t t y  a l c o h o l s  are s u b s t r a t e s  f o r  t h e  product ion  

of alkyl-DHAP and wax esters. The a c t G i t y  of a c y l  CoA-reductase can  be  

surveyed i n  c e l l  c u l t u r e  systems by adding  [ l -14C]labeled f a t t y  a c i d s  t o  

+ 

The former enzyme h o l d s  a n  impor tan t  r o l e  i n  e t h e r  l i p i d  
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t h e  growth medium and de te rmin ing  t h e  amount of l a b e l e d  f a t t y  a l c o h o l  and 

a lky l - l i nkages  i n  t h e  c e l l u l a r  t o t a l  l i p i d  e x t r a c t .  I n  v i t r o  a s s a y s ,  us ing  

microsomes a s  t h e  enzyme source, w i l l  be  performed accord ing  t o  t h e  procedure 

descr ibed  by Snyder and Malone (1970).  The p roduc t s  formed i n  t h e  a s s a y s  w i l l  

b e  i d e n t i f i e d  by t h i n - l a y e r  chromatography u s i n g  s t a n d a r d s  of f a t t y  a c i d s ,  

f a t t y  a ldehydes ,  f a t t y  a l c o h o l s ,  wax esters and a l k y l g l y c e r o l s .  F a t t y  

alcoho1:NAD 

r e g u l a t i n g  t h e  levels  of  long-chain f a t t y  a l c o h o l s  i n ' t i s s u e s .  D i f f e rences  

+ 
i n  t h e  a c t i v i t y  of  f a t t y  alcoho1:NAD ox idoreduc ta se  between c o n t r o l  c e l l s  

and cells a t  v a r i o u s  s t a g e s  of d i f f e r e n t i a t i o n  should l i k e w i s e  demonst ra te  

t h e  c l o s e  a s s o c i a t i o n  of t h i s  enzyme w i t h  e t h e r  l i p i d  stasis and c e l l  

t r ans fo rma t ion .  

accord ing  t o  t h e  p rocedure  d e s c r i b e d  by Lee (1979). 

+ o x i d o r e d u c t a s e  i s  a n o t h e r  impor tan t  enzyme system involved i n  

F a t t y  alcohol:NAD+ ox idoreduc ta se  a c t i v i t y  w i l l  b e  assayed 

The plasmalogen (a lk- l -enyl )  levels i n  t h e  phospho l ip ids  a re  u s u a l l y  high 

i n  n e o p l a s t i c  c e l l s  (Veerkamp et  al . ,  1961; Gray, G. M.,  1963; Snyder and 

Wood, 1968; Snyder and Wood, 1969) .  Although t h e  b i o l o g i c a l  r o l e  of t h i s  

mono*.noic ana log  of alkylacylglycerophospholipids i s  n o t  unders tood ,  t h e  

main ta inence  of t h e  Al-double bond dur ing  c e l l u l a r  t r a n s f o r m a t i o n s  should 

p rov ide  u s e f u l  i n f o r m a t i o n  r ega rd ing  t h e  p o s s i b l e  f u n c t i o n  of plasmalogens.  

These l i p i d s  are i n t e g r a l  parts of t h e  cel lular  membrane matrix and t h e i r  

levels w i l l  be a s s e s s e d  s imul t aneous ly  w i t h  t h e  l i p i d  compos i t iona l  s t u d i e s  

o u t l i n e d  i n  3(a) of t h i s  s e c t i o n .  A d d i t i o n a l l y ,  t h e  i n  v i t r o  a c t i v i t y  of 

l-alkyl-2-acyl-sn-glycero-3-phosphoethanolamine - d e s a t u r a s e  w i l l  b e  followed 

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  accord ing  t o  t h e  method o u t l i n e d  by Wykle 

e t  al. (1972). 

The f i r s t  committed s t e p  i n  e t h e r  l i p i d  b i o s y n t h e s i s  is  c a t a l y z e d  by a l k y l  

syn thase  and a l t h o u g h  t h i s  i s  a key r e g u l a t o r y  enzyme, t h e  s y n t h e s i s  of t h e  

complex macromolecular a l k y l d i a c y l g l y c e r o l s  and e the r - l i nked  phosphol ip ids  
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is  c o n t r o l l e d  by t h e  branch-point  enzymes acyl-CoA:l-alkyl-2-acyl-sn-glycerol - 

a c y l t r a n s f e r a s e  and t h e  cho l ine -  and ethanolamine-phosphotransferases. We 

have a l r e a d y  demonstrated i n  ou r  p r e l i m i n a r y  s t u d i e s  t h a t  TPA-induced 

d i f f e r e n t i a t i n g  leukemia c e l l s  c o n t a i n  s i g n i f i c a n t l y  higher  q u a n t i t i e s  of 

t r i a c y l g l y c e r o l s  and a l k y l d i a c y l g l y c e r o l s .  

a c y l  CoA r e d u c t a s e  and f a t t y  a l c o h o l  :NAD+ oxidoreductase  p l a y  impor tan t  r o l e s  

i n  p rov id ing  t h e  a l k y l  p r e c u r s o r  f o r  a l k y l d i a c y l g l y c e r o l  s y n t h e s i s ,  however 

It i s  clear t h a t  a l k y l  syn thase ,  

t h e  i n t e r m e d i a t e  s u b s t r a t e  a l k y l a c y l d i g l y c e r i d e ,  can  Se u t i l i z e d  i n  v i t r o  

to compare and c o n t r a s t  i t s  m e t a b o l i c  f a t e  ( n e u t r a l  o r  p o l a r  l i p i d s )  du r ing  

oncogenic  t r a n s f o r m a t i o n  and TPA-induced c e l l u l a r  d i f f e r e n t i a t i o n .  The 

i n  v i t r o  s y n t h e s i s  of a l k y l d i a c y l g l y c e r o l s  from l-alkyl-2-acyl-sn-glycerols - 
w i l l  be assayed u s i n g  microsomal p r e p a r a t i o n s  accord ing  t o  t h e  format  of 

Blank et a l . ,  (1974).  l-Alkyl-2-acyl-sn-glycero1:CDP-choline - (CDP-ethanolamine) 

c h o l i n e  (ethanolamine)  p h o s p h o t r a n s f e r a s e  a c t i v i t y  w i l l  be assayed  us ing  t h e  

c y t i d i n e  d iphospha te  d e r i v a t i v e s  of  c h o l i n e  or ethanolamine and l-alkyl-2- 

acyl -sn-g lycero l  - (Snyder et a l . ,  1970).  

I n  a d d i t i o n  t o  t h e  above c i t e d  r e a c t i o n s  of e t h e r  l i p i d  metabolism, w e  u i l l  

a l s o  i n v e s t i g a t e  t h e  u t i l i z a t i o n  of g lucose  i n  supplying t h e  g l y c e r o l  

backbone of t h e  a l k y l  l i p i d s .  

[6-14C]glucose t o  t h e  growth medium of ce l l s  a t  v a r i o u s  s t a g e s  of 

T h i s  w i l l  b e  accomplished by supplementing 

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

f o r  14c con ten t .  

T o t a l  c e l l u l a r  l i p i d s  can  then  b e  e x t r a c t e d  and analyzed 

The r e s u l t s  of S c o t t  et a l .  (1979) i n d i c a t e  t h a t  t h e  levels of a l k y l d i a c y l -  

g l y c e r o l s  i n  n e o p l a s t i c  cells  can  be r e g u l a t e d  by t h e  e x t e n t  t h e i r  p r e c u r s o r s  

are formed from g lucose .  E leva ted  levels of DHAP may p a r t i a l l y  account  

for  t h e  accumulat ion of a l k y l d i a c y l g l y c e r o l s  i n  cancer  cel ls ,  s i n c e  i t  has  

been shown t o  b e  a p r e c u r s o r  of t h e  g l y c e r o l  backbone of e t h e r  l i p i d s  

1 0 7 9 5 3 2  (Hajra, 1969; Wykle and Snyder,  1969).  W e  w i l l  explore  t h e  r o l e  t h a t  t h e  
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l eve ls  of endogenous DHAP p lay  i n  c o n t r i b u t i n g  t o  the  s y n t h e s i s  of t h e  

macromolecular e t h e r - l i n k e d  l i p i d s  i n  t h e  c e l l  systems desc r ibed .  

a f t e r  v a r i o u s  s t a g e s  of t r ea tmen t  w i l l  be analyzed f o r  D W  l e v e l s  i n  t h e  

manner d e t a i l e d  by S c o t t  e t  a l .  (1979).  

Cells 

TPA has  

f o r  t h e  

whereas  

been shown t o  exert i ts  e f f e c t s  a t  t h e  membrane level; evidence 

d i r e c t  s t i m u l a t i o n  of plasma manbrane enzymes has been documented, 

t h o s e  of microsomal o r i g i n  were n o t  e f f e c t e d .  - The enzymes of complex 

e t h e r  l i p i d  metabol ism are microsomal,  however i t  i s  important  t o  test t h e  

e f f e c t s  of TPA d i r e c t l y  on t h e  i n  v i t r o  systems employed f o r  a s say  of a l k y l  

syn thase ,  a c y l  CoA r e d u c t a s e  and f a t t y  alcohol:NAD+ oxidoreductase.  

minute  amounts of TPA (1 x 10-l' M) are r e q u i r e d  t o  promote d i f f e r e n t i a t i o n  

and a l t e r a t i o n s  of l i p i d  metabol ism,  and a n  i n  v i t r o  modulation of l i p i d  

enzyme ac t iv i t i e s  a t  t h i s  level would seem u n l i k e l y .  

can never- the- less  be i n v e s t i g a t e d  by inc lud ing  P A ,  a t  several test 

c o n c e n t r a t i o n s ,  i n  t h e  ce l l  f r e e  incuba t ion  systems and measuring i t s  e f f e c t  

on  t h e  key enzymes of  e t h e r  l i p i d  metabolism. 

Only 

These p o s s i b i l i t i e s  

. f .  

Very l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  concerning t h e  e f f e c t s  of tumor-promoting 

phorbol  esters on l i p i d  metabolism. The a l ignment  of e ther - l inked  l i p i d s  w i t h  

n e o p l a s i a  h a s  been w e l l  documented, a l though  t h e  m a j o r i t y  of t h e s e  s t u d i e s  

u t i l i z i n g  tumorous t i s s u e s  were d i r e c t e d  toward 

pathways f o r  t h e i r  s y n t h e s i s  and degrada t ion .  The s t u d i e s  proposed in t h i s  

a p p l i c a t i o n  are in t ended  t o  i n v e s t i g a t e  t h e  i n c i d e n c e  of c e l l u l a r  d i f f  eren- 

t i a t i o n ,  c o n t r o l l e d  i n  v i t r o ,  w i t h  t h e  occurrence  of a p a r t i c u l a r  class of 

l i p i d s  c l o s e l y  a s s o c i a t e d  w i t h  cance r ,  a l k y l  l i p i d s .  

o u t l i n e d  i n  t h i s  p r o p o s a l  can  be t e s t e d  expe r imen ta l ly  i n  our  l a b o r a t o r y  as 

i t  is w e l l  equiped for s tudy ing  a l l  f a c i t s  of l i p i d  biochemistry.  

e l u c i d a t i n g  t h e  b iochan ica l  

A l l  of t h e  areas 

The 
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problem is  r e a l i s t i c  and t h e  i d e a s  s t r a i g h t f o r w a r d .  I b e l i e v e  u s e  of t h e  

model systems o u t l i n e d  w i l l  much f a c i l i t a t e  t h e  mechmism by which e t h e r  

l i p i d s  are s o  c l o s e l y  a l i g n e d  w i t h  n e o p l a s t i c  growth. 

W e  have a number of c o l l a b o r a t i v e  t ies  w i t h  s c i e n t i s t s  o u t s i d e  ou r  group: 

c e l l  b i o l o g i s t s  and t o x i c o l o g i s t s  ( D r .  E l i e  Huberman's group, Oak Ridge 

Na t iona l  L a b o r a t o r i e s ) ,  o rgan ic  chemis t s  (Dr. Claude P i a n t a d o s i ' s  group a t  

t h e  

t h e  

U n i v e r s i t y  of North Caro l ina ,  Chapel H i l l ) ,  and ma'ss  s p e c t r o s c o p i s t s  a t  

Oak Ridge Na t iona l  Labora tory  ( D r .  W i l l i a m  Rainey).  These s c i e n t i s t s  

could b e  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  problems t h a t  might arise. 

The p r i o r i t i e s  f o r  ou r  proposed work w i l l  b e  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  i n  S e c t i o n  D. 

th rough l i p i d  compos i t iona l  s t u d i e s  of ce l l s  a f t e r  s p e c i f i c  t r e a t m 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  d e c i s i o n s  so t h a t  major  p o i n t s  can  

b e  explored  c l e a r l y .  

However p r e l i m i n a r y  d a t a  w i l l  be ob ta ined  



E. Facilities Available 

Our laboratories are well equipped for the biochemical investigations outlined 
in this proposal. Some of the most significant equipment items include an infrared 
spectrophotometer, liquid scintillation spectrometers, a spark chamber for ''C and ' 
detection on chromatograms, preparative ultracentrifuges with a B-XXIX zonal rotor 
and other conventional rotors, gas-liquid chromatographs, a thin-layer chromatograph 
zonal scraper, an automatic freeze-dryer, a liquid nitrogen refrigerator, a special1 
designed tissue culture room with incubators, laminar-flow hoods, and a self-contain 
biohazard hood. We also have Beckman DU and Acta C-TI1 spectrophotometers, photo- 
densitometers, a complete line of thin-layer chromatographic equipment, disc gel 
electrophoresis apparatus, fraction collectors, columns for isolating and monitors 
for detecting proteins, and an analytical Model E. ultracentrifuge. In addition to 
the equipment in our laboratories, we have access t o  a nuclear magnetic spectrometer 
a mass spectrometer, and an electron microscope in other sections of our Division 
and at the Oak Ridge National Laboratory. The mass spectrometer, which is connected 
to a gas-liquid chromatograph, is available to our group through a collaborative 
arrangement with Dr. W. T. Rainey, Jr., who is located at  the Oak Ridge National 
Laboratory (Analytical Division). Our nuclear magnetic resonance studies are done 
in collaboration with Dr. B. Benjamin at the Oak Ridge National Laboratory (Chemistr 
Division). Electron microscopic and pathologic services are readily available in 
our Division and at the Oak Ridge National Laboratory. Collaboration in all of thes 
areas has been amply demonstrated in our published work. 

"USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS" 

This research grant application includes a segment of activity which would be 
performed in facilities of the U. S. Department of Energy and governed bv an 
existing contract between Oak Ridge Associated Universities (ORAU) and the WE. The 
DOE has reviewed this proposal and has concurred in ORAU conducting the described 
work in the DOE facilities made available for biomedical research, subject to paymen 
to the DOE by ORAU from NIH funds of the applicable direct and indirect cost of the 
work (not including any charge for the use of DOE facilities) as determined ty the 
provisions of the DOE'S contract with ORAU. It is hc~licvcd that in largc measure 
tltc. rcquircnients of the DOE contract p;iral le1 conditions whlch N T H  ordinarily applie 
to its grants. In the event of differences between NTH grant terms and the DOE 
contract terms, ORAU is agreeable to meeting both to the extent that they are not in 
conflict, and to applying those most favorable to the United States Government where 
this is involved. If NIH is aware of protlems which such an approach would produce 
or suggest, ORAU upon receipt of such advice would refer the matter to the DOE for 
direct resolution with NIH. 

By way of- general information, ORhU's contract with the DOE is a cost-type contract 
financed under a Government-fund account. The specific contract work is formulated 
in cooperation with the DOE and authorized within general guidelines in the contract. 
Contract terms include DOE responsibility for Government ownership and control of 
inventions, data, and other research products. 
facilities acquired by ORAU with DOE funds I s  vested in the U. S. Government at the 
time of acquisition. 
Government contracts of the type under which ORAU conducts research operations in 

Ownership of all equipment and 

The contract also contains all the tenns generally common to 

., Government-owned facilities. 
I 
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Continuation par j~ '  1- 
. Collaborative Arrangements: h'one 

. Principal Investigator Assurance 

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

Principal Investigator 

.- 


