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STATEMLNT OF - J.HE PROBLEM '
Anorex1a and cachex1a in cancer patlents can cause serlous

‘clinlcal problems. However,'lt is not well understood how best

to allev1ate these signs and symptoms.  None of.the currect |
' ‘theories ‘of how tumors exert their effect“onithe host's metaboliSm
adequately explain these-clinical responses. A p0581ble explanatlon»
-of -the anorexia and cachexia that has not been fullj explored

is he 1nvolvement of lipid noblllzatlon ‘seen w1th ‘some cancers..
‘It has been reported that in the latter stages of certaln tyoes'
of mallgnant diseases, of both humans and laboratory anlnals
_there is a greater loss_of body weight, w1th .an accompanylng
: hjperllpemla, than can be explalned by decreased appetlte. lf
this hyperllpemla is produced by substances a83001ated'w1th tne
tumor and is accompan 1ied by an 1nna1rment of the bodv s ability

to utilize the lipids that have been made avallable, then

anorex1a and cachex1a tan be explalnec by postulatlng that the
hynerllnemla 1nterfere° with the body's appetlte control“4
mechanlsn and ths, coupled w1th impaired utlllzatlon, allows the
body to starve. The mouse stomacn carcinoma - 2063 a tunor

causing hjperlloemla and cachex1a prov1des an excellent model

for SLUleﬂ- tntse responses. Tne present study examlnes whether -
“the llOld m001llza+10n seen in animals bearllg thlS tumor is a
lerect response to . a lipid mobilizing factor oroducea by the o
dtumor or is a stlnulatlon of normal pnj51oloclcal llnolvs1s by

‘its presence.



REVIEW OF THE LITERATURE

- The wasting‘of the human_body accoméanying thefeeﬁtinﬁed
growth of a malignant neoplasm as well as>asimilar_phenomeheﬁ
in experimehtal animals beariﬁg certainvkinds-of spontaneous'and-
'transolanted-tumors is a commoﬂAbbservétion.t'rlder (1931)
;presented evidence indicating that part of the WElghL loss in
rats oearlng the transplantable Walker car01noma 256 could be
eaccounted for by the translocatlon of nltrogenous substances_
‘.rrom normal to neoplastlc tlssues. It was later reported by
Fenniﬁger and Mider (1954) that‘with contlnued tumor growth
amino acids from the circulation were remeved at e moretrapid
: rate than they WOuld be byvnormal cells,fand thus;the tumor -
acted as a 'nitregen trap;' Early.experimerts.with radio-
actively 1ebeled amino acids supported the 'nitrbgeﬁ‘trap'
idea (Lepage et. el., 1952). Later,Aho&ever,‘Greenlese and
Lepage, (1955) found that the trap theoryedid;not‘apply'te
early.generatiens of traﬁswlanted tumors’aﬁd.thet ascitee
‘tumors could exchange amino acids with’ tne hObt.4 The'tﬁmer>
- was thus a nltrogen trap only in a relatlve sense (Begg, -
.1958), and the‘degree of trapping may be related tq»the type
tof tumor and the degree of malignency. The remaihder ef‘the
wasting of theveareass.maSs Was shown:to be the resqlt~ef
continued depletion of the body's.fat stores (Haven et. al;,
1951; Fenninger ana Mider, 1954; Boyd.et. al., 1956),‘ ﬁider,

(1951), in an attempt to explain this wasting of the carcass,



‘presented‘evidenoe-demonstrating-a strong positivefcorrelatiohi
between energy.expenditure‘and fat loss invtumor bearihg»h:. |
animals andvthus supported a ’mobilization.of energy!fcoﬂceot_to
explaiu the loss in lipids. Others suggested-that:the loss in
body llplds resulted from a fallure to replace llplds ratherlg,'f
~than an excess1ve loss (Jablonski and Olson, l955) It:was
Agenerally agreed, however, that whlle the food 1ntake of tunor
'bearlng anlmals was usually below that of normal anlmals and |
‘a function of tumor growth, the decreased food lntake could not
satlsfactorlly explaln the observed llpld depletlon (Mlder et.~‘
~al., 1949; Begg and Lotz, 1956) | |

| Several authors have described a hyperllpemla.ln anlﬁals"h
bearing varlous types of transplanted tumors (Green and Jenklnson,.
‘l934; Haven et. al., l951 Lleb81L et.val.,.l974). 'Blochemlcal
studies have beenhconducted by several ihvestigators in%anl “
attempt to determine the cause of the observed hyoerlioemra;i”

and varying hypotheses have resulted. = Haven prooosed that the
hyptrllgemla was the result of elther a moblllzatlon of llplds for
'energy or to meet the demand for unsaturated latty a01ds

(Haven et. al. 1951) Begg (1955) felt that a trlgderlng drki
mechanlsm mlght initiate the hyoerllpemla and suggested that.a
pituitary factor such as adlpoklnln nlght be released and- remaln
'doresent in substantial smounts. ‘naven and Bloor (l956) expanded
‘Begg's (1955) basrc 1dea to say that - the tumor 1tselF mlght-;
release»a'hormonal factor which in turn would‘cause the-releasef

' of a pituitary factor responsible forfthe mobilizatiou‘orjfat;v :
: ln 1956 Begg and Lotz'presented'eyidence for a fourth“posslblei

cause of the observed hyperlipemia by demonstrating that tumor



bearing‘rats’had ajlower ievel.of lipoprotein lipase actiVityiv&
in their blood and that there was a delay in the renovai.of |
anvintravenOus oil enulsionvfrom the blood of these rats; Beég'
and Lotz (1957) were able to demonstrate that the low activ1ty
of lipoprotein lipase observed in tumor bearing rats could not
be etolained by starvation or anemia.‘ To date, a definitive '
statement cannot be made as to the exact cause of the hyperlipemia o
- and the prooosal by Haven and Bloor (1956) that several mechanisms
nay-be involved seems to best describe the 91tuation,.

In an attempt to eXUlain the clinical findings of caohexial'
and anorexia in patients with cancer, EWing, in 1934, sugéested_
that a tox1c subSLance was produced by the tunor. Ew1ng s idea
remained dornant until the 1940's when Greenscein and co~workers.
'(Greensteln, 1942 Greenstein and Andervant, 1943 Greenstein et.
al., 1942) demonstrated conclusively that an.observed decrease
in liver catalase act1v1ty was sPeCifically attrlbutab1e to the -
oresence of the grOWing tumor and not to any secondary cause to f
which the Lumor s presence might'g1Ve‘rlse (Nakahara andvFuKuoPa}
1958) . Nakahara and Fukaoka in 1948 were able to 1solate by
' alconol precipitation a fraction from human tumor tissue Which
3‘when injected into mice, produced a‘marked decrease.in liver f
catalase>activity. . The presence of this Jtoxohormone"was_‘»
,‘subsequently demonstrated by seVeral inveStigatorsiin‘ali'"
tumors studied‘as”well as in the urine‘of_patients'withhcancer::‘
" (Greenfield and Meister, 1951; OksUshima,hl9S2; Kaﬁamoritawetf _
al., 1951; Osawa, 1954). Attempts'by Yunokiuand'Griffin;(igél)n
to further pnrify this toxohormone were”only‘partially snccessf

ful and the in vitro activity of toxohormone was never demon-



-strated . In 1963 Kampschmidt and Schultz demonstrated.that
’:injection of homogenates fromfnorﬁal rat liver or spleen into
rats caused a decrease 1n llver catalase.act1v1ty comparable_
to that obtalned with homogenates of tumor tlssue from NIH
Novikoff Noble Nov1koff or Walker 256 carc1noma. ‘The only

- preparation that’ caused a greater decrease in liver catalase
,>aCblVltj of normal rats was a Walker 256 carcrroma contamlnated

with Salmonella tjphlaurlum. Similar results were obtalned

‘when toxohormone preparatlons from the varlous tlssues were
1njected into mice. ,”hese results, coupled w1tn the denon—
stratlon by other 1nvestlgators of the ablllty of ‘many sub-
stances to lower liver catalase-acc1v1ty, advise cautlon.wheh:‘
evaluatihg toxohormone,activity (Kampschmldt}et.»al.;'l962;
Riley,hl959; Adams, 1961). | | |

The importahce of tumor—elaborated; biologically active f
subStances that'affect the-host‘s physiologyahas beeh well
documented (Lipsett, 1964). 'Evidence suggests that neoplastic,
‘:cells have the caoac1ty to synthesize hlghly comolex molecules
Kof conslderable specificity. Since- each cell oresumably 1s,{
‘endowed with DNA containing the same information, it appears that
the neoplastic transformation of the cell permits;sYnthesis.of
proteihs and pebtides that are ordinarily repressed (Li§Sett;:
1964). In 1960 Liebelt, Lay and Davis reported that mice of the
C* strain bearlng the soontaneous manmary tumor CE 1460 had a-
marxed rlse in leukocytes. In 1963 Delmonte and Llebelt
oostulated that this granulOCjt031s was related to the presence
~of the CE 1460 mammary tumor and not deoenaent on’ the host.

hej were able to demonstrate thls-byvthe;fact.tnat,a marked



granulooytosls was observable”in F~1 hybrids (Balb/C r‘CE)

" receiving the CE l460-mammary‘tumor but.not_those reoeiving-
the:Balb/C 2301 mammary tumor. This.led Delmonte,:Starbuck

and Llebelt to postulate the presence of a granulocyt051s
‘promotlng factor (GPF). - In 1965 Delmonte and Liebelt reported
partlal ourlflcatlon of this GPF. - In this form 1t was actlve
‘,1n_mlce at a.dose of 0.8 mlcrograms per gram of body weight.
leurther studies by Delmonte and Liebeltvin l968,demonstrated

the presence of a GPF~in-mouse mammary tumor CE 1460, normal ‘
mouse;brabbit'and bovine kidnej; and blood. They were also |
able to demonstrate that the granulocytosrs promotlng faccor
contalned no proteln or phosphorus, had 'a nolecular welght of "
‘less than 2,000, and was specific for the granulocyte serles of:
white blood cells. These flndlngs suggest that the GPF may be

a naturally ocuurrlng granu10901etlc substance of mammallan |
tissues that is being elaborated in greater than normal amounts

| by the CE 1460 tumor or its Dresence.. In 1974 Llebeltfand co-
.workers reevaluated thelr earlier results and with the addltlon
of new data, ‘concluded that the’ capa01ty of a tumor to stlmulate'”
granulocytosrs is primarily a funcLlon of the genetlcs of the
“host of orlgln rather than the type of tlssue in which the

‘tumor occurs. It has not yet been poss1ble to aemonstrate that

. tumor as3001ated granulocyt031s 1s exclu81vely tumor specific.

Nuwerous cases have been reported in whlch syndrones caused
bj endocrlae olsorders such as h]percalcemla, hypoglycenla,
erjthremla, nyperthyr01dlsm, hyperserotonemia and Cushlng S syn-
drome have been ass001ated with tumors of nonenaocrlne orlgln.

In these cases it has been demonstrated cllnlcally and supported



: oy lanoratory results that tumor cells of various tlssue
origins not normally assocrated Wlth ‘the productlon of these
'hormones are responsible for the observed endocrlﬁe dlsorderso
'ln-l968 o' Neal et.ial. reported that six out of flfteen cases‘

of adrenocortlcotrophlc hornone secretlng tumors observed also"

',secreted addltlonal hormonal substances. Among these were

gastrln, melanotropln, 5—hydroxytryptam1ne, parathoromone,‘
~vasopressin,,norepinephrine,.andvgluoagon.»;More reoently-
Kubata (l973)’reported the isolation and partial purifications
-of a hypoalbumlnemlc substance from Ehrllch solld carcrnoma,
and Nair and De Ome (1973) reported the presence of a- growth—«
;stlmulatlng factor released by cultured mouse mammary “tumor - |
- cells. | |
Recently several hypo;heses have been advanced te account
-;or the cacheala aud anorexia observed 1n patlents w1th cancerl
bne suggests that alterations in the metaoollc'patte rns of the
host and Cnanges 1n various metabolic equlllbrla and concentratlons’
- of metabolltes mlght be the result of allosterlc transrtlons,‘
wx-act1vatlons, or 1nacz1vatlons of various enzymes in the tlssue ord
the host (Theologldes, 1972). - The activity offvarlous.enzymesl
is modified by many‘kinds.ofbsmall molecules;'esoecially poly—
oep tldes, (Monod.etu-al., l963);land thus the tunor, oy orodu01ng
10u molecular weight metabolltes, might throw the metaoollsm of
the host into a chaotlc statew, Under thesedcond1ti0ns,“usUal
;brochemioal reactions might bé activated,oriinactivated.without:.
‘arpurpose-or without'control (Tneologides, l972) _The-result for -
tne host would be an increased energy expendlture and an 1nablllty :

o] lower the basal metaoollc rate desolte semlstarvatlon."Thls



brocess,could eventually lead to cachexia and'anotexia;f

Human patients and tumor bearlng anlmals characterlstlcally
~ show a striking depletlon of body llpld stores and a subsequent
v‘hyperllpemla durlng the course of tumor growth (Begg, 1958), and-h
as prev1ously stated, the phy51olog1cal mechanlsms 1nvolved 1n.h
 this tumor—host relatlonshlp are not fully understood It has
been suggested that the neoplastlc cells .are elaboratlng a llpldv
moblllzlng substance and the resultlng hyperllpemla during the
'deplet;onoof the lipid component of'thedfat,depots influences.
‘food,intakebtegulation (Haven et. al.,“1951;-Begg, 1955; Liebelt';
etf al., 1973). ‘Evidence supporting thewexiStence of aiiipid:
mObilizing‘substanoe in the urine and serum‘of animals-afterh
' tasting haslbeen;provided by several.investigatots (Weil and
“Stetten;'1947;’Chalmers et.'al,fl960} StevenSOniand Beaton,'
‘1965; Curtis-Prior and Hanley, 1973). dLipid mobilizing actiVity
also has been demonstrated for extracts of éxperimental tumorsﬁ'
(Costa and Holland, 1962; Liebelt et. al., 1971,1974) and for
extracts ofbthe midbrain of sheep and'calves (Sshah et: al.,1972;'
" Hollett, 1968)..TThe"lipid mobilizing substance from midbrain
has been tentatively identified as isoprenaline (Shah et;val.,'
1972). rOne of the more recent wotks supporting_theAeXistence'
of a lipid mobilizing substance in serum is that’ofACuttis—
. Prior and Haniey (1973). Their results'indicate that as the
amount of serum from fasted or fed rats indthe incubation
_ nedium in which adipose cells.Were-incubating'was.increased,
the release of.glycerol from the cells aiso~tose and eventuailyn
»vreached a peak ten to fifteen times above the basal ieVel. They.

~also reported that when beta—adrenerglc blocklng agents were



4added prlor to the addition of serym, the release of glycerol»
from adloose cells ‘was progre531vely 1nh1b1ted From}these~nﬁ
results they concluded that rat serum contalnedﬂone‘orimore:d
substances capable of inducing in zitrg,hydrolYSislof.tri;;

- glycerides»in adlpose cells and that this~substance mediates
its effect through'beta—adrenergic receptors; Workers who}"-{”
previously observed"thevlipolytic action of serumv(Mosinger
'et,.al.)‘l962;'Burns et. al.,‘l967)'have regarded the eflect

" as artifactual. The possibility that the llpOthlC actlon of
the serum was artifactual was cons1dered'by Curtls—Prlor'

and Hanley (1973) and ruled out when the. approprlate controls
were performed. Thelr results do not offer any 1n51ght 1nto
the identity of the- substance, nor do they exclude the
p0331b111ty that the serum stimulated lloolvs1s is due to

y catecholamlnes or other known hormones with llpoljtlc actlon.”:
They do, however, 1ndlcate the presence of a llpld moblllzlng
'substance that seems to exert its effecu through beta—adrenerglcﬁh
dreceptors. In 1971 Llebelt et. al. reported eV1dence for a’ | |
lipid moblll21ng substance that was apparently belng produced

by a CBA mouse stomach carcinoma. Costa ‘and Holland (1962) had
reported a similar flndlng for a dlfferent tumor line in -

Swiss Ha/ICR mice. 1In the study conducted by Llebelt (l97l),
the CBA #2663 stomach carcinoma was transolanted by the trochar

f method (Liebelt and Llebelt ©1967) to four groups of miceée and

allowed to grow. The results demonstrated the follov1ng 1) mlce.f”'

made obese by goldthloglucose (GTC) lost boay 1101d faster»{‘
than the non-obese mice but the’percent of lipid moblllzed was.

comparable:‘2) a linear relationship existed between tumor S
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.Weight and total body lipia~for both noneobese'hosts;:3)

GTC obese Fl hybrid mice (CBA;ix C57B1) carrying the‘CEA‘
.stomach tumor moblllzed twice as mich total carcass llpld/day
las mice carrylng the C57B1 flbrosarcoma..‘The results of

these experiments, ln'conjunctlon with preliminary‘studies
._(Liebelt et.‘al.; l974) revealing that the'total‘plasma

sneutral lipids in similar ?1'hybridslbearing the CBA‘tumorA

at one centlmeter in size were three times as great as the
_iplasna neutral lipid in ¥3 hybrlds bearlng the CS7B1 tumor o
at one centimeter in size. This 1nd1cates that%the CBA |
stomach tumor has a better'capa01tv to cause’ llpld moblllzatlon
than the C5GBl tumor. These facts suggest a blologlcal : | |
unlqueness-for the CBA tumoxr that could“be accounted for by

a difference in productlon of a oostulated lipid moblllzlng
substance.‘ When this study was exnanded (Llebelt et al.,'
1974), 1t was decided to attempt’ to grow the CBA stomach

tumor in cell culture in order to obtaln a more homogenous
‘preparation for the isolation of the llpld moblllzlng substance.
- Th1s approacn was taken because of the comollcatlons encountered
in 1solat1ng the granulocytosls promotlng factor from the r‘E
1460 mammary carcinoma (Delmonte and Llebelt 1965) 'The tumor"
‘was establlshed in cell culture and a prellmlnary study in
‘whlch the 0. 5 ml of Fresh culture medlum'homogenlzed cultured/
’ cells or medlum 1n whlch the CBA cells had grown for Forty—elcrht
y hours ‘was lnjected into CBA male mice twice dally for four days, :
At the_end of the four days the animals were kllled and ‘the r,. |
weight of the,lnguinal and -gonadal fat depots were‘determined;
:The;results indicated that the forty—eight'hour culture |

ﬁsmedium had a significantly better‘capacity:to,reduce,"



11
body lipid stores es eempared to ¢ontrols“and thenhemogenized:f
cells had an even greater lipid depletlng capa01ty :These
data were conslstent w1th the presence of a llpld mob11171ng
' substance assoc1ated with the CBA tumor. V

In an attempt o determlnenthe mechanisﬁs of.lipolysis;“:
in adipose tissue, sevefal investigators haVe-examined the rele:s
. of sdenosinev3?5'7cyclie,monophosphéte (cAMP)lin'lipoiysis;

In 1962 Mossinger'and'Knjsleva.reported‘that following tne
additionrof epinephrine to adipose tissue.incubated_in Krebs-
Ringer phosphete buffer plus slbumin thatlthere:was'a manked |
increase-in,the'free fatty acia (FFA) in the ﬁedia, Butener:
et. al. in l965,>reported'that cAMP‘ievels increased in adipose_
tlssue incubated in Krébs-Ringer blcarbonate buffer plus

albumin in the presence of eplnephrlne and that thls 1ncreasel
in cAmMP occurred prior to an increase in 1lpoly51s, as deter~
mined by a release of free fatty acids intopthe medium. ‘dthert
investigatops (Weiss et. al.,.l966; Humes et; al., 1968) have

' since confifmedpthe findings‘oﬁ'Butcnerf_ In'i968 Butcher‘et‘
Cal. demonsﬁfaﬁed,that ability'of’varieus subsﬁanees{ knownfto';
be lipol?tic, such‘es adrencoftieOtrbphiC hofmone,*thyreidp
stimulating hormone and glucagon to increaSe«cyclie AMP leﬁeis;
ASeversl reviews detsiling‘theieffects'of these various sub- -
© stances on cyclic AMP sre.availeble.(ﬁobison et. al., i97lalf"
and Robison et..al., 1971b). More recentlyjHuttunenvand
Steinberg‘(197i).reported results that ére consistent with the"
view of Butcher et. al. (1965). They also,presentedjevidence -
'tnat the(hormonal sctivation of adipesevtiSSue lipase is'mediated

by cyclic AMP in the presence of ATP and Mg*+, that cyclic AMP =
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‘acts via a protein kinase, and that'theiconversion of lipase‘
from an inaotive to an active form is linked to enzyme‘.“
".phosphorylation. Thelr work ‘was done w1th rat adlpose tlssue
lipase and rabblt skeletal muscle protein klnase., In 1974 V
Khoo and hls co—workers were ‘able to add further proof to- the
flndlngs of Huttunen and Stelnberg by demonstratlng that a
'part;ally purlfled hormone sensitive trlglycerlde.llpase_from.
‘human adipose tissue was activated bv the'addition of‘oyeiio’
AMP, ATP and Mg++. They further demonstrated that the addltlon p
of a proteln klnase 1nh1b1tor from rabblt skeletal muscle at

zero time completely 1nh1b1ted actlvatlon, that this 1nh1b1tlon
‘could be prevented by prlor addltlon of exeess exogenous proteln
.klnase, and that addltlon of proteln klnase 1nh1b1tor durlng

the actlvatlon suggested that the klnase mlcnt be actlng dlrectly
on the llpase. Further purification of}the llpase fractlon ' |
'ylelded a fraction free.of protein kinase;A They were able to
demonstrate that llpase actlvatlon in thlsvfractlon was’
absolutely dependent on the addition of exogenous proteln klnase.
From . thelr data and that of Huttunen and Stelnberg, Khoo and'
his a58001ates proposed that adenyl cyclase was stlmulated by '

‘a lipolytic substance cau51ng the conver51on of ATD to cAMP

ihe cAMP thus formed in the presence of ATP and Mo++ and a
protein kinase allows the phosphoryiat;on hy_the klnase.of the -
‘nonactive, hormone sensitive lipase, converting it-to an'active
triglyceride lipase. Thus, it appearslat‘present that a variety
of substances produced by the body can:stimulate lipolysisnr' |
4by causing an increase in cAMP which‘allows.the activation of_.

a triglyceride lipase{ "Therefore, it is theoretically possible



13
' for tumors to produce substances that mediate'lipolySis via’
CAMP.

Anorexla and cachex1a in cancer patlents can cause serlous

- problems and none of the current theorles of how tumors exert C

thelr effect on the host s metabollsm adequately explaln these
cllnlcal responses. A p0551ble explanatlon of the anorex1a and
‘cacheXra that has not been fully explored is the 1nvolvement of
llpld,moblllzatlon seen w1th some cancers‘_-It~has been reportedf:
~that in the latter stages of certaln types of mallgnant |
dlseases, of both human and laboratory anlmals, there is a
greater loss of body weight, with accompanylng hyperllpemla,
than can be explalned by decreased aopetlte._ The present
study examines whether the cachex1a and llpld moblllzatlonw
seen 1n~an1mals bearing the mouse stomach carcinoma #2663 is eﬁ
rdlrect response ‘to a lipid mobilizing factor oroduced by the‘
tumor or 1s a stlmulatlon of normal phy51olog1cal llpoly

by the presence of this tumor



MATERTALS AND METHODS

" Materials | -

A.: Animals.‘ ‘

| The CBA‘/Ki‘mice used in the study.ue;edafgfft:from.Dr)?
A. G. Liebelt. Male CBA~ miCe,rtwelve fo‘fourteen;weeksf :
of age, werehuéed for all in yijg studiesQ_Male"and'femaleaJAT
CBA; mice, eight to sixteen weeks Old}‘Qeré.ﬁSédpfOr.iﬁn
vitro studies. 'Ali mice.were housed in a contnoliedsen;f;fv
'vironmenh att72il° F. and received uafer andhspandafd;lab:affﬂ'
Achow ad'lihitum{ | | R |

' B. Chemicals and Equipment

Minimal essential medlum (MEM) , Waymouth's 752/1 medlum,’

L-glutamine, fetal bovine serum (FBS) and tryp51n were.

obtained from.Grand Island Biologicals-(Grand Island N. Y'Y;:d

' Streptomvc1n sulfate was purchased from the Charles Pflzer;zfﬂ
Company (New York, N. Y. ) and potass1um penlclllln-G from |
E. R. Squlbb and Sons (New York, N. Y. ) Heotane, tetra—,p
butvlammonium hydrOxide titrant (25% in methanol) and X—omat’
RP-14 X—ray film were supplled by the Pastman Kodak Company
_(Rochester, N. Y. ). Bov1ne serum albumln (BSA) fracclon V,.gfd
L-epinephrine and thymolphthaleln were purchased from. the'
Slgma Chemlcal“Company (St. Louis, Mo.). :Aquasol, l—léc-}
acetic acid, sodium'salt (60 Ci/mmolef) adenoSine:B'Sfe

' monophosphate,‘ammonium ealh (25 Cl/mmole) were purchased
from New England Nuclear (Boston, Mass.) « U—80 1nsulln _'

was purchased from Eli Lllly Company (Indlanapolls, Ind ).
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‘All othertchemicals were purchased‘fromAthe"Fisher Sorentific
. Company(Atlanta, Ga.). The Sonlfler Cell Dlsruptor was: purchasedl"
from Heat Systems Ultrasonlcs (Pla1nv1ew, N. Y.), and the |
Polytron homogenlzer from Brlnkmann Instruments (Lucerne,;';p-
- Switzerland). | |

Methods

A. Propogatlon of CBA #2663 stomach carc1noma in culture and '
in CBA/K1 hOsts - ,

The tumox cells_werelgrown in Waymouthjs 752/1 medium .
supplemented with 10% (v/v) fetal bovine serum, sodiumpbicarbonateg”
{175 mg/dl), L—glutamine (4'4 mM) , potassium penioillin—5 h
(89un1ts/ml ) and streptomyc1n sulfate’ (89 ‘Hg/ml. ) at 37°C
under an atmosphere of 95% air, 5% C02. U- 80 1nsu11n ( 266 unlts/
.ml. ) was orlglnally used in the medlum, however, s1nce passage
20, insulin has been removed and. is no longer requlred for
growth. = The removal of insulin did not change the llpld mobr—
lizing propertles oF the tumor. Approx1mately 2.5 x lO6 tumor..
'cells in 0 -2 ml. of Hanks balanced buffered salt solutlon from
" every third passage were 1nocu1ated into CBA/Kl hosts, and tumor‘
growth examined. The weight of the 1ngu1nal and gonadal fat
.depot was determined at the end of twenty-51x days and used as
an index of lipid mobilization (Llebelt 1963) . _A deorease ;n
.weightjof the fat depots over'that of controls was interpreted

as increased lipid mobilization.

B. Radioactive laberlng of adlpose twssue and extractlon of
llpld. .

- Adipose tissue was,labeled by incubating pieces of tissue
for two hours in minimal essential medlum (ME ).supplemented with
sodlum blcarbonate (175 mg/dl ; pota881um'penlcillin—G (89 units/ o

ml.), streptomycin sulfate (89 ug/ml.), 5% (v/v) fetal bovine"
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serun‘and l—l4C acetate (2.5 uCi/nl ). The aﬁountAof radio—
activity 1ncorporated into trlglycerldes, dlglycerldes and
- phos phollolds was determlned by extractlng ‘the adlpose tlssue
w1th chloroform and methanol (Folch et.-al., 1957) : Chroma—"‘v
A tography was oerformed on Whatman SG 81 31llca gel loaded paper
in a solvent system containing heptane, 2,6 dlnethyl 4
heptanone and_acetlc a01d (85: 15: 1) by volume. The cnroma—
tography paper was renoved after oevelopment and tne solvent
allowed to evaporate. The. chromatography paper was then placed_ :
1n a holder w1th X-ray fllm and the fllm exposed for two weeks.
At the end of thlS time the film was developed and the varlous
classes of llplds contalnlng rad10act1v1ty were v1sualized by
the radloautography Tnese areas were cut from the cnromatogram
and the radloact1v1ty determlned on a- Packard 3320 lquld scin-"

tlllatlon spectrometer u51ng Aquasol as the cocktall

.C. Preparation of cell homogenates and extracts."
To prepare cell homogenates and extracts, CBA“'stomach_'

. carcinoma #2663 tumor cells were harvested by

W, uC dg)la“:} u"ﬂ.....v”:

contalnlng a small amount o-fneavuﬂ with adruooer- olr:eran

and then removing the medlum and cells. 'Trypsin>Was not,used
becausc it had been shown (Schuster, personal communlcatlon)

to efrect the tunor cells ability to reattach to the glass
‘pottles Mouse L cells were ‘harvested with 0 25% trypsin in
tryp51nlzing citrate at pH 7.3, Botb'cell preparationsﬁWere
counted and then centrifuged, and the’medium-or<trypsin removed.
‘The cells were resuspended in saline to give a final concentration
of 2.5 x 10° cells/ml. The saline'suspension of'cellsfwas then as

sonicated on a Sonifier Cell Disruptor dntil‘no intact cells
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'could be detected by phase contrast mlcroscooy.’ This pre—
'oaratlon was termed the cell homogenate. If ‘a cell eytract
‘was to be prepared, the homogenate was centrlfuged at 100, 000 X
g for 60 minutes at 40C. The supernatant was’ terntd the cell
extract. | |

Originally the homogenates of tne tumor~cells.and L—cells
were‘prepared b; suspendlng an aporoprlate number of . cells in
saline and then using a Polytron nomogen17er for the aono-ad
genization. This procedure was abandoned when it was observed\
that the cells were not dlsrupted by homogenlzatlon with the -
, Polytron.homogenlzero |

D. Construction of the perifusion system -

In order to study the 1nteractlon of the tumof cells w1th
adWUose tissue in v1tro, it was de81rable to havea systeml
“which meets the follow1ng requlrements: 1) prov1des a. stable
env1ronment which can be reculated as required; 2) allows,'
constant volume samples to be taken regularlv Without‘disrupting'“‘s
-the sYstemg‘ 3) permits the adipose tlosue to be malntalned in -

a v1able state and to ‘interact with the tumor cells, tnelr
‘extracts or other stimuli as de51red= 4) allows for the recovery :
of the tissue at tne end of the experlment"i and 5) 1s easy to
construct.;lmhese requlrements were met: Dj the aooaratus descrlbedl"
bbelow and sqovn in flgure l |

| Tne.syStem lllustrated in figure 1 was»constrncted fromia,
glass bottle (1), a sterile plastic cultureldiSh top (2), 16 dagei
stainless steel tubing ¢35, a disposable sysinge (4),_clamp3‘(5);

a peristaltic pump (6), a test tube rack4(l2), and a fraction
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Figure 1

Schematic of perifusion system

i
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collector (7). The perifuslon chamber (8)'wasfconstructed N

from a 3 ml.ldisposable syringe with the’plnnger‘removed.andu

the barrel cut off atlthe,O,SImlL mark. . It washsealed with

two: rubber Sstoppers contalnlng 16 gage stainless tublng (9)

that protruded approximately 2 mm. lnto the chamber. The »

Lublng between the bottle (1) and the l/8" Nalgene T connector ~
(10) and the T- connector (lO) and the chamber (8) 1s 1/16" ID

- .1/8" OD° Tygon tublng.r The tublﬁg between tne chamber (8) and.ﬁ

.-the fractionfcollector (7) is .047 ™ ID., .067 "’OD. Intramedlo
VPHF;‘tubing. ‘The tu01ng between the syrlnge (4) and the - _‘
vconnector (10) is 1/8 " ID., 3/16 " OD Tygon tublng° "All coﬁ;--"
_ponents of the system except the fractlon collector (7) w1ll

fit into a Wedco model 2-17 B 1ncubator. . o |

Medlum is drawn by the pump from the bottle (l) and through

" the connectlng tublng and T- connector (lO) and enters the chamber c

(8) at the bottom. ‘The chamber flllS w1th medlum bathlng thezﬁfﬁg
. tissue, then passes out .the top of the chamber and tqrough theb
tublng to the fractlon collector (7) By hav1ng the medltm

enter at the bottom and eXlt at the top, ‘we were able to elln1natp.;?
the pu151ng of the medlum whlch was encountered when the flow
was in the reverse dlrectlon. The flow rate WasAnormally seteat~ﬁ‘*‘
0.5 ml. per mlnute_fOr our experiments;‘ Howeﬁer;:the flow:rate

is llmlLed ‘only by the typevof‘pump used. Tissue to be placed ﬁ;b

1n the chamber is sliced or cut into anproprlate srze pleces and

then placed on a thln piece of glass wool which is rolled 1nto a»%t”

cvllnder that w1ll flt 1n51de the chamber (8). The chamber (8); : o

is then sealed with the stoppers (9),~plaoed'in_a:test‘tnbetraCK

(12) , and the tubing connected. At the end of the experiment. :
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the cylinder of glass wool containing the tissne may be
removed from the:chamber'(8); nnrolled'and the tissue recovered,
: fAt”the_start‘of”perifusion,,avclamp‘(S)_is,placed between the;e
T—connectorv(lO) and syringe connection preVenting,the flow of
the test substance through the system At the aoproprlate tlme
tqls'clamp (5) is moved from 1ts orlglnal pOSltlon and clamped on:
the tubi ing on 1“he bottle (1) 31de of the T- connector (lO) ' This |
blocks the-flow of the medium from tne nottlea(l) and allows’theAd
test substance in the syringe (4) to be drawn into the system at l
the same rate as the orlglnal medium. Durlng early experlments a
small amount of tritiated water was 1ncluded in the test substance
to fa01lltate the standardlzatlon of the system It was omltted
in later exberiments. At the end of the de81red tlme perlod
the clamp (5) is moved back to its orlqlnal p051tlon, allow1ng
»tae medium from the bottle to flow over tne tlssue agaln. |
The system can be sterilized in the follow:ng manner;“:the;'

-medium bottle (1) and stalnless steel tublng (3) can be auto—{hjhﬁ
~claved.f The plastlc plate (2) .can be exposed to ultrav1oletvv "
‘light. vThe.tub1ng and chamber . (8) can be-d131nfected Dy.flushlng‘—:w

the system for thlrty mlnutes w1th a sterlle sallne solutlon
containing potas51um pen1c1llln- (100 unlts/ ml ),'streptomv01n

salfate (100 ug/ ml.) and smohoterlcln B (5 ug/ ml Y. A sterlle

disposable 5jr1nge can be used to hold tne test substance° o

EBE. Effect OL cell homogenates and cell extracts on 1n v1vo
lipolysis, » -

Male mice of the CBA™ strain between twelve and sixteen weeks
- 0ld were injected with cell homogenates or extracts preparedd

according to the procedure in section C. The animals were in-
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jected at 9 A.M, and 4 P.M. on four consecutive’days wlth :
0;2 ml. of elther the cell homogenate or extract A control
group recelved 0.2 ml. sallne 1njectlons on. the same schedule.
At 9 A.M. on the fifth day the animals were sacrlflced and the
.welght of the 1ngu1nal and gonadal fat depots determlned and
.used as an 1ndeX of lipid moblllzatlon (Llebelt 1963) |
F.» Effect of conditioned medla, cell homogenates and cell

extracts on lipolysis in. adlpose tissue as measured by
-free fatty acid release. , o ' - .

The effect of these test substances was determlneddby
1ncubatlng sllces of adlpose tlssue in. Kreos Rlnger bicarbonate
buffer pH 7.25 .contalnlng 2. 59 (w/v) bovine serum albumin for o
thlrty mlnutes at 37°C, in polyethylene v1als and then addlng
varylng amounts of condltloned medlum,hcell homogenates or cell
extracts° The 1ncubatlon was then contlnued for two addltlonal
hours,' At the end of the lncubatlon perlod the level of free‘
vfatty a01ds was’ determlned by the brocedure of Ko and Royer (1974)
This involves extractlon of the free fatty a01ds from the medla
or tissue w1th a mlxture of 1sopropyl alcohol heptane and
sulfuric acid. To accompllsh thlS a 4 ml mlxture of 1soorooyl’
alcohol: heptane (7 3) and 2 ml of 0. 033N sulfurlc a01d
are added to 0.5 ml. of medium or 300:mllllgrams of tissue and
mixed for ten seconds. If tissue is being e#tracted, it is
homogenized in a hand homogenizer‘hefore,mixing; After mechanicalfn
rnixing, the mixturedis allQWed to separate 1nto two 1ajers°
One ml. of the upper laver is removed and placed in‘a lSIml° con-
ical test tube to which 0.1 ml. of indiéator'(thymolphthalein _
0.01 % in heptane:dacetone.lO:l) is added. The free fatty

acids are tlen tltrated w1th a tetrabutylammonlum hvdrox1dc,.
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(25, in metnanol) standard diluted 1I: 100} in 1sopropyl alcohol
’Tne end p01nt is a change of the 1ndloator from clear to blue.'
.The tltratlon is performed-w1th a Gllmont ultraplpet, Mlxlng of
the standard with the solution being titratedhis acoomplished:tj!j
by bubbling with nitrogen,v | | ! "

An 1ncrease in the amount of free fatty acrd 1n tne medlum
of . the tissues stlmulated with the test substances over that of
the control was 1nterpreted as an 1nd1catlon of a dlrect actlon""
of the substance on Lhe tlssue, cau31ng the release of free . fatty:gf
acids. |
G. lChanges‘in tissue'adenosine 3'5' cyclic mononhosnhate (CAMP)

levels in response to conditioned medium, cell homogenates
and cell extracts. -

Cyclic AMP levels were determined by 1noubat1ng adlooee' S
.tiesue slices in.Krebs Ringer bicarbonate- (KRB) burfer pH 7. 25
_for thirty>minutes‘and then adding the test substance.}hThevw
lncuoatlon was contlnued for ten mlnutes._ All 1ncubatlons were :

‘performed in polyethylene v1als placed in a. 37°C Dubnoff

metabolic shallng 1ncubator.v At the end of the second 1ncubatlonx"'

the tissue from the v1als was qulcklj transferred to 15 mllll“
liter Corex tubes., 'The reactlon was'stopped oy addlng-z nl. of.ﬂ
5% trichloroacetic acid (TCA) in'salineito the'tubes‘and homof
génizing the’cOntents on‘a"Brinimann pothron homocenlzer. :
lrl+latEd CAMP (15 000 to 20, OOO cpm) was adoed to the homogenate
and the nomo enate was centrlfuged at lO OOO % g for th;rty
mlnutes.' The supernatant was removed and washed rivertimes %ith}:w
' two volumes of ether. The‘pellet was eaved_for protein deter—h

mination-by-the method of Lowry (l95l),as modified by'Oyama~and‘
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Eagle (1956). The washeddsnpernatant_vasVevaboratedeto drv;j
- ness, resuspended in 100 microlltérs of,water and sootted on..
rWhatman 3MM chromatography paper._ The cnromatograns were
develooed in a solvent system contalnlng ammonium hvdrox1de."
,V—propanol water (15 70: 15) by volume.. At the end of the -
’seventeen hour develooment ‘tinme, the chromatograms were re—.a
’moved and air dried. The eAMP spots were detected u51ng an.:;’
ultrav1olet llght (254 nm) and cAMP standards as a referencer;
These areas were cut from tne cnromatogram and eluted w1th
50 ethanol,‘ This eluate was evaporated to dryness, and the
_ re81due resusoended in distilled water for determlnatlon of
cAMP levels by the competitive blndlng assay of Gllman (1970)
as modlfled by Brown et al (1971)

An 1ncrease in the levels of CAMP in tlssue treated Wlth‘.
the tested substance over that in controls Was 1nterpreted as an
1ndlcatlon,that the test substance acts,dlrectlycon.thedtlssne toyi

stimulate cAMP production.

“H.‘ Release of radloactlvely labeled free fattj ac1ds (FFA) into =
‘ per1fus1on fluld ~ V '

Adlpose tissue was prelabeled~as'previbnslytstatedvandfthe o
tissue was_perifused in a controlled environment»of 95%1airfand
’5% C02Vat 37°¢, Wlth‘avKrebs Ringer biéarbonate (KRB) buffer-l
solution, DH'7;25 containing 2. 59-(w/v) bovine seruﬁ albumin K
-(BSA) fraction V until basellne levels of radloact1v1ty werei-
obtained in the perlfusateo At this tlme the suostance to bev
tested, to which 2.5% (w/v) BSA fractlon \Y had been added wasAb
~perifused over the tissue. Fractlons oﬁ the perlfusate were -

assayed for radioactivity and free fatty ac1ds,' A release of
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free fatty acids, as measured by these two parameters, was -
interpreted as evidence for a direct acting lipid meobilizer.

I. Statistical tests..

S

The statistical tests performed on the data were in

accordance with the procedures outlined by.Sokal’and.Rohlf;”‘»*



RESULTS .

In Vivo Lipid Mobilization

A. Lipid mobilization by mouse #2663 stomach carcinoma cells .
and mouse L-929 fibroblasts. :

-Aniﬁale of comparable age, weight,-strain~and'sex were rn—;
| jected subcutaneousiy with either 0.2 ml. of Hanks balanced
buffered salts or 2,5 x 100 #2663 tumor celie inia similar‘voiumej'
of the buffered salts. After,injection the‘animeis,werehailowed.
. standard lab_chow‘end_water ad iibitum for twenty;six deys;°"‘
Cachexia was'not-normaliy detectebie until:forty"days’after‘the:‘
1n1t1al 1njectlon of tumor celle.. rhe anlmals were kllled on the .
twenty sixth day to insure the presence of adlpose tlssue 1n the
fat depots. The welght of . the inguinal and gonadal fat d pots
‘was determlned at’ thlb time. The welght change, when compared ;
to sham- 1njected controls, was used as an 1ndex of 11p1d mob11_"
ization (Llebelt,'l963)°. The data 1n.table l,are from a.81ngle
experiment and are representative of'éata'obtained‘from ten
similar experiments. The dlfferences in the llpld 1ndex between
bexnerlmental and control anlmalshls 51gn1flcant at the OOl'level.
Exoerlments were oerformed to deternlne 1f tne moblllzatlon
of llOld was a common response of mice 1n3ecced w1th cultured
mouse cells or was llmlted to the 1njectlon of spec1flc tumoxr
cells. A procedure identical to that emplyed w1th the mouoe #2663
’tumor cells was used but cultured mouse L- 929 flbroblasts were

substltuted for the tumor cells. 1abie_2 is a comp051te of the

25



Takle 1

In vivo llpld moblllzaulnn by mouse #2665 tumoxr cells,f

Aanals 1 throuch 6 received a 51ng¢e qubcuuapeouc 1nJectlon of o
2.9 x 106 tumor cells in 0.2 ml. of Hanks balanced buffered salts
(BBS). Animals 7 through 11 received a single subcutaneous’ o
¢njectlon of 0.2 ml. of Hanks BSS. Botn'groups were permitted
food and water ad libitum until the time of sacrifice, 26 days
after the injection of cells or Hanks BSS. The data in this
experiment. are representative of the data obtained in 10 similar
_experiments. The P value was determined using a t-test for a w
population with equal variance. The lipid index is the amount of
adipose tissue remaining in the fat depots per 50 gram animal
at the time of ~autopsy. "All values are reoorted *+ SEM.

'a.‘_P< 001 for the compar¢son ‘between the llpld 1ndex of tumor— g
}bearlng anlmals and control animals. -

b. P< .001 for the comparlsop between tbe flnal body welght of
- tumor- bearlng animals anc conLrol anJmalsoy
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Table 1

Body weight
Initial

Final

Lipidyindex e

&

. 28.3

280

1Y

29.4

27.4

26.4

27.0

(9)

27.0

25,0

32.0
24.8

31.0

~ 30,0

Tumor Qeightf
(mgx o
424

1000

662

270

226

338

L ootmg)

o
0
859 ¢

1050

T 280

543

Mean + SEM

27.

}

7
.

9
‘10:

11

29.0

30.1

30.1

27.3

32.6

31.6

34.0

34.8

33.0

36.1

8 +0.4 28.3 + 1.3b 495 + 119

o
0
0o

465 + 215a
oo
RSP

2989

2427

33.9 + 0.8 0

2353 + 333




_Table.Z

In vivo lipid mobilization by mouse #2663 tumor cells and

and mouse L~929 fibroblasts: a composite

Animals receiving the #2663 tumor cells received approXimately_ w, 

2.5 x 106 cells .in 0.2 ml. of Hanks balanced buffered salts

in a single subcutaneous iniection. Animals receiving the
L-929 fibroblasts received a single injection of 2.7 x 106 .
cells in 0.2 ml. of Hanks BBS. ‘The control groups of anlmals .
‘received 0.2 ml. of Hanks BBS in a 51ngle injection. ‘All-
groups were permitted food and water ad libitum until the

time of sacrlflce, 26 days after the initial injection.  The’
mean lipid index is the average amount of adipose tissue '

. remaining in the animal's fat depots when corrected to a 50

gram animal. All values are reported + SEM. The P values
were determined using a t-test for a populatlon W1th equal'~~
varlence. : : : :

a. D< .001 for a comparison of the llpld 1ndex of anlmals:j
- receiving tumor cells and L-cells -
b. P< .00l for a comparison of the lipid 1ndex of anlmals

receiving tumor cells and Hanks BBS. T
c. P< .00l for a comparison of the final body welght of ‘
‘ animals receiving tumor cells and L-cells ‘ :
d. P< .001 for a comparison of the final body weight of
© animals rece1v1ng tumor cells and Hanks BBS -
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. Table 2

no. animals. Preparation = -~ 1Initial . Final - Tumor wt. . Lipid index

| - mw. . mmm.‘w@v_“mq .mm~wvu B v,.A?@v - (mg)
43 ) HGBUH.omHHw. Awmuu

.[+

0.4 = 29.5 + 0.4c,d 393 + 44 1252 + 93a,b
0.5 32.2

|+

12 Lecells . .29.0

NES

0.6 0 1971 + 136

[+

48 Hanks BBS .~ .29.0 + 0.4 32.2 + 0.4 0 2010 + 69
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data from all in v1vo experlments Derformed u51ng the. mouse.

#2663 tumor cells, mouse L-929 flbroblasts and Hanks BBSG}.
‘The differences in the lipid index of anlmals bearlng the
Amouse #2663 tumor from both control groups is slgnlflcant at-i
'the ;OOl leVelg The data presented in tables l and 2 1ndlcate‘
that the moblllzatlon of llOld observed in the CBA" mice was a:
result ‘of the presence of the mouse #2663 tumor cells ‘and not.a‘
common response of mice injected w1th cultured mouse cells or.‘
Hanks BBS. | |

B.. Effect of cell homogenates and cell extracts from mouse #2663 -
tumor cells and mouse L-929 flbroblaSts on in vivo lloolys1s. -

Male CBA mice twelve to 81xte°n weeks old were 1n3e0ted
suocutaneously Wlth 0.2 ml of cell homogenate, cell extraCt or
sallne at 9 A,Me and 4 P. M. on four consecutlve days.i At 9;A0M.
of the fifth day the animals were sacrlflced and the weightiof, :
- the 1ngu1nal and gonadal fat depots determlned and used as an
index of llpld moblllzatlon (Llewelt, 1963) The data in tables -
3 and 4 indicate that neither cell homogenates nor cell extractsllﬂ;h
'rrom mouse #2663 tumor cells possess greater llDld moblllzlng
abllzty than do similar preparatlons of mouse L 92O flbroblastsai“u g
In fact, the amount of lipid moblllzed by the nreparatlons from
the tumor cells ‘and L-929 cells was not 'Slgnlrlcantly_dlrferent
From that of the sallne controls, o | o

Male CBA" mice, twelve to Slxteen xeeks.old injected and
sacrificed on the same tlme schedule as above WltJ cell homogenatesfri
from #2663 mouse tumor cells orepar d by Polvtron homogenlzatlon s

'showed a loss of fat depot weight over that of control anlmals

'rece1v1ng a s1m11ar preoaratlon of IL- cells.~;Tnose,anlmals re—gh



"Table 3

Effect of cell homogenates from mouse #2663 ‘tumor. cells and
mouse L~°2° fibrcblasts on in vivo lipolysis. :

Cell homogenates for both groups were'made*from'the same number
of cells suspended in saline and sonicated until nc intact cells
could be detected Ly phase contrast micrescopy. The animals -

. received twice daily_subcutaneous injections fcr 4 days according -
" to the schedule described in the test,; of amournt equivalent to
400,000 cellis/injection of eifther the tumocr cells or the L-cells.
Another group received 0.2 ml. saline injections on the same
‘schedule. ©On the fifth day the animals were sacrificedé and the
weight of the fat déncts determined. The lipid index is the _
average of 4 animals and is the amount of adipcse tissue remaining .
in the fat depots per 50 gram,anlmal at the time of autopsy.
‘The P value was deuermlneo using a t—;est and the values are
.reported. + SEM. : :

a. P >.9 for the comparison between the lipid index of mice
: receiving tumor cell homogerates and L~cell homogenates
B. P >.2 for the comparison between the lipid index of nice

receiving tumor cell homogenates ancd sailre,
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Table 3 -
) . : womw.sﬁqu R I S
no. of animals Preparation Initial Final Tumor weight Lipid index
- - (g)” (mg) (mg)
4 L-cell 27.6 + 2.4 27.5 + 2.0 - 1661 + 261
homogenate
4 Tumor cell 27.6 + 1.2 27.0 0.9 - 1667 + 65a,b
homogenate :
4 Saline 27.6 + 0.8 27.4 0.8 - + 91

1579




’Table 4»

Effect of cell extracts from mouse #2663 tumor cells. and S
mouse L-929 fibroblasts on in vivo lipolysis.

Cell extracts for both groups are the 100,000 x g. super—
natant and were prepared by suspending an equal. number o
tumor cells and L-cells in saline and sonicating them until R
no intact cells could be detected by phase contrast mlcroscopy
and then centrifuging them for 1 hr. at 100,000 x g. The ‘
animals received twice daily subcutaneous injections for.4 ' -
days of an amount of cell equivalent to 400,000 cells per
injection of either the tumor cells or the L-cells. Another
group received 0.2 ml. injections of sallne on the same :
schedule. On the fifth day the animals were sacrificed -and
the weight of the fat depots determined. ' The lipid index is
the average of 4 animals and is the amount of adipose tissue :
remaining in the fat depots per ‘50 gram animal at the time of
- autopsy. The P value was determined using a t-test for ‘
populatlons with equal varlence,' All values are reported
+ SEM. : : : R :

a. P> .5 for a comparison between the llpld 1ndex of anlmalsvi

' receiving tumor cells extracts and L-cells extracts.

- b. P> .9 for a comparison-between the lipid index of anlmals
- receiving tumor cells extracts'and sallne. » :
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" Table 4
S : o Body wt. ' N , .
no. of animals Preparation Initial  Final Tumor weight Lipid index

- - L (g) (mg) (mg)

4 L-cell 27.8 +0.8 27.9 + 0.6 . 1625 + 100
extract : : ,

4 Tumor cell 27.8 + 0.9 27.2 + 0.8 - "1562 + 129 a,b
extract . .

4 Saline 27.6 + 0.8 27.4 + 0.7 - 1579 + 46
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ceivinglthis tumor cell homogenate also_had sﬁalllnodules at
the site of injection that average'seventy-three:milligrams.f
Histopathological eﬁamination of these nodules revealed-that
they contalned 1ntact tumor cells. . Upon reexamlnatlon of the
»Polytron homogenlzatlon procedure it was observed that the
~procedure did not adequatelj dlsruptlthe cells strongly suggeste
| ing that 1n3ectlons of homogenates prepared using this 1nstrument
_ contalnec lntact cells ~Table 5 presents the data from the
injection of Poljtron homogenates and suggests that llDld
mobilization may be detected w1th1n four daysou The homogenate
data obtained w1th the Polytron homogenlzatlon procedure are
: con51stent with tnat reported by Liebelt et al, (1974), and
suggests that the llpld mobilization thev observed could have
been caused by the presence of intact cells in- thelr homogenatesr
‘rather than by a- factor produced and/or secretea by the~#2653
mouse tumor cells.

The data from the two homogenliation proceduresfand the.:.
lipid mobilization.observed ingzizg'with viable cells suggest';
_that mouse #2663 tumor cells do not contain a lipid mobiliZing g

factor that can be'released_by cell disruption;



Table 5

Effect of Polytron cell homogenates from nonse'#2663 tumor
cells and mouse L-929 fibroblasts on in wvivo lipolysis.

. 'Cell homogenates for both groups were made from the same
number of cells suspended in saline and homogenized on a
Polytron homogenizer. The animals received twice daily
~subcutaneous injections for 4 days of an amount egquivalent
to 400,000 cells/injection of either tumor cells or L-cells.
Another group received 0.2 ml. saline injections on the

same schedule. On the fifth day the animals were sacrificed
and the weight of the fat depots determined. - The lipid-
index is the average from 4 animals and is the amount of

adipose tissue remaining in the.fat .depots per: 50 gram animal‘f‘“

. at the time of autopsy. The P value was determined using
~a-t-test for a populatlon w1th unequal varience. Values are
reported + SEM : o

a. P< .01 for a comparison between the lipid index of
.animals receiving tumor cell homogenates and IL~cell
homogenates.
b. P> .3 for a comparlson between the" Flnal body weight ‘
of anlmals rece1v1ng ‘tumor cell homogenates and L—celTi'
homogenates.
c. P> .2 for a comparison between the 1n1t1al body
weight of animals receiving tumor cell homogenates and
L-cell homogenates.' : :
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_.HmUHm_w

no. of animals Preparation Initial  Final = Tumor weight  Lipid index
- - e (mg) - (mg)
4 Tumor cell  30.8 + 0.7 29.2 + 0.6b 73.8 + 11.4 1712 + 17 a
o homogenate = - , , e . : :
4 I-cell 29.2 4+ 1.4 28.4+1.6 0 2416 + 117
homogenate o
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In Vitro Lipid Mobilization

A. Effect of conditioned meclur, cell hcmogenate and cell extracts
on in vitro Tlpolys1s in aalpose tltsue as measured bj lree;
fatty acid rel ease. - ,

The‘eff' ts of,conditioned:medium; cell homogenat ; cell
eﬁtracts,and fresh medium on in vitro llpoleto were determlred b
lncubating slices of adipose .1°SL“ in Lrebs Plnoer blcarLo;. el
buffer pH 7.25 containing 2.5% tov:ne Serum a‘erln (w/v) for-:
thlrty minutes at 37°C and then auclrg Varylng amounts of theiu
substances to be tested. The 1ncubatlon was contlnued for two’;
additional hours. At the end of - the 1ncubatlon perlod the level

of Free fatty ac1ds in the medium was determlned Prellmlnary |

-studies had shown that most of the free fatty 801ds released from R
trlglycerldes in adipose tissue were in the 1ncubatlon med1um and
not in the adlpose tlssue. Table 6 shows the effect of 1ncrea51ng
concentrations of IL- ep1nephr1ne, a known llpolytlc agent 4on tne'f;:
release of free fatty a01ds from adipose- tlssue, and demonstrates
the ability of the assay to detect them in the 1ncubatlon medlumo
Table 7 shows that ‘the amount of free Iattv a01ds in. Fresh medlum"
ls greater than in medium which has been 1ncubated w1th cel]s for>
torty elght hours.. .The data also 1ndlcate that tumor cells and Tn-:i
‘cells remove a comgparable amount of fre .LaLtj a01ds from the medlum;,
Table 8 indicates that fresh medium p@ﬁﬁﬁsesa sllghtly greater
lipolytic>ability than does forty- elght houx conoliloned medlum
froﬁ either tumor cells or L~cells. The . DOSSlblllty that more freefi
fatty acids ﬁignt-have been present in the fresn medlum 1n1t1a17”~'§ﬁ
than were present in ‘either of the condltloned medla after forty—-:
eight hours may not be entirely ruled out The 1mportant p01nt to"

lnote in table 8 1is that the levels of free fatty ac1ds in .the f;



- Table 6'

Effect of L-epinephrine on in .vitro lipolysis in adipose tissue.

250 mg of adipose tissue was incubated in 1.95 ml. Rrebs -
Ringer bicarbonate buffer (KRB) containing 2.5% (w/v) albumin =
for 30 min. Powdered L-epinephrine dissolved in 0.1N HCl -
was then added to give the indicated concentration in-a -
volume of 2 ml. The incubation was continued for 2 hrs. .
At that time the amount of free fatty acids in the incubation .
medium was determined. The values are the average of o ‘
duplicate readings for two samples at each concentration.
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Table 6 R

nmoles FFA/L

"Concentration bf L-epinephrine A " ) mng . gdipose tisSue'
o)

0 - o R . - ‘304

1x 106 - |  »1 . 3}4

1x 1075 - | ”.;‘., B 18.2

1x 1074 - a0.9




Table 7

Free fatty acid concentratlon in fresh and 48 hour condluloned
medium,

Medium was removed from bottles containing a similar number of
tumor cells and L-cells and these, with the fresh medium, were
centrifuged at 900 x g for 10 min. The volume of medium indicated
was added to Krebs Ringer bicarbonate buffer containing 2.5% (w/v)"
albumin to give a final volume of 2 ml. and incubated at 37°. C for -
2 hrs at which time the amount of free fatty acids in the incubatio:
medium was determined. The values are the means of dupllcate sample:
from 4 bottles. The results are expressed + SEM
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<.__emUHm 7.
oo o . . - .,nBOHmm.mmw\b. .

volume of medium added =~ - - Tumor cell medium  L-cell medium Fresh medium
(ml)

o 0.685 + .139  0.685 + .130 1 0.685 + .139

0.1 o ~0.976 + .030 0.917 + 0.074 0.976 + .045

0.5 . ~ 1.156 + .046 - 1.151 +..076 1.211 + .049

1.0 . 1.635 # .020  1.640 + .013 1.624 + .015




Table 8

"Effect of fresh medium and 48 hour,conditioned mediﬁm'on in vitro
lipolysis in adipose tissue.

 Medium was removed from bottles contalnlng a 51m11ar number of
tumor cells and L-cells and these, along with fresh medium, were
centrifuged at 900 x g for 10 min. Approx1mate1y 250 mg of :
mouse adipose tissue was preincubated in Krebs Ringer bicarbonate °
buffer containing 2.5% (w/v) albumin, for 30 min. At the end of -
this time the volume of medium indicated was added to give a
final volume of 2 ml. The incubation was continued for 2 hrs

. and at the end of this time the amounts of free fatty acid in thee}fﬂ

incubation media were determined. The values are the composite
of 6 experiments and are the means of 12 samoles. ‘The results
- are expressed + SEM. ‘ :



"nmoles FFA/L

mg. adipose tissue

¢mwﬂam,vm_8mgw%3 wm@mm v .Hﬁamﬁ mmHH Bmmwsﬂ hwnmwp.amﬁwﬁa BmchE
(ml)
0 2.8 + 0.6 2.8 + 0.6 2.8 + 0.6
0.1 4.2 + 0.7 3.8 0.2 4.2 + 0.4
0.5 5.5 + 0.9 5.3 + 0.1 6.6 + 0.3
1.0 8.2 % 0.7 7.5 + 0.3 10.2 + 0.9
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incubation media are similar for both tumor cells and L-cells.
The data from tables 7 and 8 thus show that tumor cells
andoL cells use a comparable amount‘of free fatty a01ds_from‘
fresh medium and that'neither possess'a significant amount of
a releaseable lipolytic-factor. ' | | "

.Tables 9 and 10 show the effects of:cell hOmogenates and
cell extracts from both mouse #2663 tumor cells and mouse L-929
‘Flbroblasts on in ZiEEQ llpoly31s. As can be seen in the tables;.“
the add1t10n~of mouse #2663 tumor cell hoﬁdgenates and‘eXtracts:
'nto the 1ncubatlon medlum contalnlng adlpose tlssue does not cause
51gn1flcantly more llpolys;s then do homogenates and extracts
of mouse L-929 cells. o } »

‘The cell homogenatejaha_eéttact datafaﬁd thesdata.from the‘
fresh and forty—eight hoﬁr'conditiohedrmedium experiments suggeSt’l
that mouse #2063 tumor cells elther do not secrete a llpld mobi-
llZlng substance or,- that not enough is secreted or remalns actlve
durlng the 1ncubat10n perlod It also indicates'that tumor'cells lﬁ
and L-cells remove a comoarable amount of free fatty ac1ds from -
the fresh medium suggestlng both use free- fatty ac1ds at a 51m11arf"
rate. \ | |

: \

B. Changes in tissue cyclic AMP levels in response to conditioned
medium, cell homogénates and cell extracts.

Adenosine 3'5' cyclic‘monophosphate levels in aaipose tissuelnA
slices were determlned by 1ncubat1ng them in Krebs ﬁinget bl;-
carbonate buffer at pH 7.25 for thlrty mlnutes and then adding
the test substances. The 1ncubat10n'was contlnued for ten
minutes. At the end of the second 1ncubatlon the tlssue was.

quickly transferred to a Corex tube and the reaction stooped by |



‘Table 9

Effect of cell homogenates on in vitro llpoly51s ‘in adlpose tlssue.

' Tamo; cell dld I~cell homogenates were made by uuspendlng the same
nunber of cells in saline and disrupting them by sonication until

" no intact cells could be detected by phase contrast microscopy.
Approximately 250 mg of mouse adipose tissue was preincubated in
Krebs Rlnger bicarbonate buffer (KRB) containing 2.5% albumin (W/V)
for 30 min. At the end of this time the volume of homogenate in-
dicated was added to give a final volumeé of 2 ml. The incubation
was continued for 2 hrs. At the end of this time the amount of fre
fatty acid in the incubation medium was determined. The values are
the means of duplicate reading for 6 samples at each volume..»The
results are expresseo + SEM. : :
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 Table 9 ©
" nmoles FFA/L
- o o : mg. adipose tissue’
- volume of homogenate added Tumor cell homogenate L-cell homogenat
(ml.)
0 1.8+ 0.1 1.8+ 0.1
0.1 2.5 + 0.3 2.4 + 0.1
0.5 3.6 + 0.2 3.5 +0.2
1.0 4.2 + 0.3 4.5 + 0.1




" mable 10

,Effect of cell extracts on 1n v1tro llpoly51s in ad:oose tlssuecvlf

Cell extracts for both groups are the 100,000 x g suoernatan* and E
were prepared by suspending an equal nuwber of tumor cells and: e
L-cells in saline and sonlcatlng them until no intact cells could .
be detected by phase ccntrast microscopy and then centrifuging .
them for 1 hr, at 10C¢,000 x g. Approximately 250 mg of mouse .
-adipose tissue was preincubated in Krebs Ringer. bicarbonate buffer

containing 2.5% albumin (w/v) for 30 min. At the end of this time
~the volume of extract indicated was added, to give a final volume
of 2 ml. The incubation was continued for 2 hrs. At the end of
this time the amount of free fatty acid .in the incubation medium ' °
was determined. The values are the means of duplicate readings
for 6 samples at each volume. The results are, expressed + SEMQE
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Table 10

nmoles FFA/L.
mg. adipose tissue

volumé bof“’extract addeq , Tumof cell ext;;act L-cell extract
| 4f'(ml.), |
| 0 1.8 0.1 vi,s,i Q%i-A.
0.1 2.5 + Oi,l:-‘ 3.1 + 0.1
0.5 3.6 + 02 4.5 + 0.1
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adding trlchloroacetlc a01d and homogenlzlng the’ contents of the
tube. Cyclic AMP was extracted and determlned by the competltlve
"binding assay of Gilman (l970) as modlfled‘by BrOWn et. al. (1971).
Initial studies inlwhich'both incubating medium.cyclic AMP-levels -
and tissue cyclic AMP levels were determlned together resulted 1n: o
recovery values for cyclic AMP of less than lO . When tlssue '
and medium levels of cycllc AMP were determlned separately the
levels of recovery in tissue was aoprox1mately 30% while that.
forvmedium was less~than»lO%. Because of the interference with‘
recovery.of cycllc'AMP bybmedium, cycllc ANP levels were. deter-
vmined in tissue only. Table ll shows that the amount of cycllc
AMP in the adipose tlssue 1ncreased sllghtly w1th 1ncrea51ng
‘amounts of fresh medlum and forty- elght hour condltloned medlum
From L-cells and tumor cells. Although cycllc AMPvlevels in the
adipose tissue were sllghtly hlgher for the tlssue 1ncubated
with conditioned medium from the tumor cells; the range of the
.increase of cycllc AMP was comparable for the three medla tested
HThese data would seem to indicate that the 1ncreases in. cycl1c AMP
were due to an increase in the amount of serum contalnlng fresh
or forty-eight hour conditioned medium‘added‘rather than to a -
‘substance secreted into the medium by the cells. TablesilZ_and
13 showbthe,effect of cell‘homogenates‘and‘cell‘extracts onncyclic<
"AMP. levels in adinose tissue. The data indlcate,that increasing ”vl*
amounts of cell homogenates or cell extracts nreparedvfrom mouse>;fx
#2663 tumor cells or mouse_L—929 fibroblasts'and;added to the |
incubation medium cause cYclic AMP levels to increase,in adipose

tissue. Although the cyclic 2MP levels in adipose tissue



Table 11

. BEffect of Lreoh medium and 48 hour conéltlonee medium on cAMP level
in adipose tissue,

Medium was removed from bottles contalnlng a 51m1lar number of tumo:
cells and L-cells and these, along with fresh medium, were centr1fu<
at 900 x g for 10 min. Approximately 250 mg of mouse  adipose tissuc
was preincubated in Krebs Ringer bicarbonate buffer for 30 min. At
~ the end of this time the volume of medium indicated was added to
~give a final volume of 2 ml. The incubation»*was continued for 16 m
- At the end of this time the amount of cAMP in the adipose tissue
was determined. The values are the means -of dupllcate readlngs of
samples at’ each tlme period. :



SR

emUHm HH

R _upoosou.mm CAMP
5 J. B@ adipose tissue ﬁHOﬁmks
HGBOH omHH Bm&wsg..,l IL~cell medium - mxmms Bmppﬁav

x;,<oﬁzam of BmQHsB@mmmmm,

m1)

43.0 43.0 . 43.0
64.0 - 60.0 53.0
74.0 . 66.0 . 64.0

81.0 . 78.00 72,00




- o Tabie 12 

Effect of‘cell homogenates on CAMP levels‘in'adiposé tissue.*

Tumoxr cell and L—cell homogenates were made by suspendlng ‘the -
same number of cells in saline and disrupting them by sonlcatlon »
until no intact cells could be detected by phase contrast Y
microscopy. . Approximately 250 mg of mouse adipose-tissueswas .
preincubated in Krebs Ringer bicarbonate buffer for 30 min. At

the end of this time the volume of medium indicated was added to

give a final volume of 2 ml. The incubation was continued for ..

10 min. and at the end of this time the amount of cAMP in the.
adipose tissue was detérmined. The values are the means of -
duplicate readings of 6 samples at each volume. The results are
expressed + SEM. . : ' -
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- Table 12

' picomoles cAMP S
_ ' mg. adipose tissue protein.
volume of homcgenate added Tumor cell homogenate L-cell homcgenate

‘u»'(rﬁl.‘)_
0 64 i‘7‘, 64 + 7
0.1 ~ 166 + 7 é‘s""i 3
0.5 237 + 1 27411 4
1.0 ‘. - 43'2Ai'20m. - _433 + 17




Table 13’

Effect of cell extracts on cAMP 1evels'in adipose'tissué.-»'

Cell extracts for both groups are the 100 000 X g supernatant

~ and were prepared by suspending an equal number of tumor cells -
and L-cells in saline and sonicating them until no intact cells
"could be detected by phase contrast microscopy, then centrlxuglng
them for 1 hr at 100,000 x g. Approx1mately 250 mg of mouse
adlpose tissue was prelncubated in Krebs Ringer bicarbonate buffer
for 30 min. - At the end of this time the volume of extract indicate
was added, to give a final volume'of 2 ml. The incubation was
continued for 10 min. At the end of this time the amount of cAMP
in the adipose tissue was determined. The values are the means of
duplicate readings of 6 samples at each volume. The results are -
expressed + SEM. : " S '



‘Table 13

picomcles cAMP E
mg adipose tissue protein

volume of extract added Tumor cell extract I-cell extract y
{(ml.)
0 64 + 7 64 + 7
0.1 156 + 18 R 190 + 5
0.5 o 18513 o 223i 13
» 10 | 205 + 14 }, 236 %9
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stimulated with preparations from the L- 929 cells were.sllghtly
hlgner than the levels obtalpea w1th the tumor cell preparatlors
1t appears that the increases in tissue cycllc AMP levels 1n F
botn homogenates and. extracts, prepared from both cell llnes Were‘
due to the release from the dlsruptca ceLls of substances th
stimulate tissue cycllc AMP productlon or orotect agalnst de—A
gradation of cyclic AMP. | |
c. Radloactlve labellng of adltose tlssue, extractlon of llpld

and the release of labeled free fatty acids into perlfu51on
medium.,

Adipcse tissue was labeled by incubating'piecesAofttissueiin
‘minimal essential medium~sup§lemented with sodium bicathonate,
fpotaSsium penicillin—G, streptomyc1n sulfate, fetal bovine serum ;
and 1-cl4 acetate (2.5 UCl/mL. . The amourts of ra01occtLv1ty
incorporated into triglycerides, dlglycerldes and phosphollplds
MPEEdetermlned by extractlrg the aulpose tlSSLe with chloro orm
and methanol (Folch et. al. 1957}, chromatograchlrc tbe extract on -
silica gel loaded paper, exposing the arled chromatocram to X—ray
fle, and then cutting these areas‘from the orlclna chromatocram
and measullng the radloact1v1tj Flgure 2 is an 1llustratlon of
the separation of the lipid classes obtalned by chromatographj
Table 14 demonstrates the increased rad1oaCt1ve laLelLr of-the’
various classes with increasing 1rcubat¢on time. hac1oecttve
labellnc of the lipids was maximal at four ‘hours and onlv sllghtlvl“
. decreased for the two major llpld classes for the tvo hour
incubatiou. Slnce experlments using the labeled adi ipose tlssue
would take aptrox1mately two hours, it was dec ded to use a'tuo
nour-lncubatlon~perlcd for the labeling in otderAtQ insure tissueA

- viability throuchout the exgevﬁwfr



Figure 2

- Separation of phosphollpld dlglycerlde and Lrlglycerlde bV paper |
'cnrcmotographv._ . .

250 mg of mouse adipose tissue cut into small pleces ‘was 1ncubated
in minimal éssential medium supplemented with sodium bicarbonate,
.penchlllan streptomycin sulfate, 5% fetal calf serum and 1- Cla
acetate (2.5 pCi/ml.) for the indicated times. :The tissue was
extracted w¢+h chloroform and methanol and chromatographed on
'silica gel lcaded paper.  The lipid classes were visualized by radic
autography and the spots cut from the silica gel loaded paper and
measured for radloact1v1ty This data is representatlve of 5
51mllar experlments. p : S

ey

Abbreviations

‘PL= phospholipid
DG= diglyceride
TG—_trlglycerlde
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Table 14

. The incorporation of C14 acetate 1nto phOSphOllpldS, dlglycerldes;”f
- and trlglycerldes over a 4 hour perlod ;

- 250 mg of mouse adlpose tlscue cut 1nto small pleces was 1ncubated

-in minimal essential medium supplemented with sodium blcqrbonaue,
DenlClllln—G, streptomycin sulfate, 5% fetal calf serum- and 1- Cl4
acetate (2.5 puCi/ml.) for the indicated times. ‘The tissue was

- extracted with chleoroform and methanol and chromatographed on 3111ca
- gel loaded paper and measured for radloact1v1ty.v “This data is
‘representatlve of 5 31m11ar experlments.. -

R

 Abbreviations

PI= phospholipid ™ .
DG= diglyceride
TG= triglyceride
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Table 14
. Incubation Time " 'Lipid Class = "(CPM/lOO, mg ‘tissue:

)

S hr.. o . . . pL . o3ga
SR s DG L w2634
e o T Tagn

C The, 0 . pL LT 2301
- . .+ DG . L0 9285
TG 011,285

2 hr. , ‘ - PL . 7. 5262
- : DG . . . .. . 28,494
™G . .. T - 35,840
4 he. | - S PL Y .+12,088
o ' DG .t 31,059
TG . oL 45,742
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Prelabeled adipose tissue was perifused Qith a Krebs Ringer.
bioarbonate (KRB) buffer solution, pHv7.25, contaihing Z.S%e(w/Vf:
bovine serum albumin (BsSA) fracﬁion‘v ﬁntil'baseline levels of
radioactivity were obtained in the perifusate;’-At this fime the .
subS£ance’tolbe £es£ed to which 2.5% (w/v) BSA. fractlon v had
vbeen added was perlfused over the tissue and fractlons of the
'Derlfusate were assayed for rad10act1v1ty.f As~seen in Figure 3a}7
L—eplnephrlne, a known. llDOlyth agent, releases approx1matelj
3.5 tlmes as nuch radloactlvely labeled free fattj a01ds from '
prelabeled adlpose tissue as does KRB-bufler.. Elgure 3b;lS a
,graph.offthe release of radioactively labeled”fseeffaftylacias in
‘response to either fresh medlum or medlum in. whlch #2663 tumor -
cells had grown for forty- elght hours. As can be seen from the |
graph fresh medlum causes a sllghtlv greater release of free
fatty acids thanldoes forty-eight hour condltloned.medlum fromA
#2663 cells, suggesting that fresh mediuﬁ eontalos.slightly more‘

active lipolytic factors than does conditioned“medium.ﬁ



- FPigure 3a; 3b

Release of " radloactlvely labeled free fatty 601ds into per1fus1cn
medium, : -

Approximately 250 mg of mouse adlpose tlssue was plelabeiec by .
incubation in minimal essential medium containing 1-clé (2.5 uCL/ml.
was perifused for 40 min. with Krebs Ringer bicarbonate buffer.
"At the end of this time the tissue was perifused with L-epinephrine
(1 x 10°M), fresh medium aajusted to the pH of 48 hr. conditianed
medium, or 48 hr. condltloned medium from #2663 tumor cells for :
20 min. At the end of this time period the tissue was. perifused
an additional 40 min. with Krebs Ringer ‘bicarbonate’ buffer. :
Fractions contalnlng ‘2 ml. were collected every 4 min. and ‘0.5 ml.
 of these were assayed for rad10act1v1ty : : '

o 1. L~epinephrine, l:x310-5 M
o 2.'Krebs Rlnger blcarbonate buffer pF 7 25

® 3.'Fresh medium, pH adjusted to that oF 48 hr. condltloned medlum

R
o~
.

48 hour condltloned medium from #2663 tumor cells
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K DISCUSSION

Anorex1a and cachexia 1n cancer patlents.can cause serlous
_cllnlcal problems and none of the current’ theorles of how tumors
exert their effects on the host s metabollsm adequately explaln “
these clinical responses. A poss1ble explanatlon of anorex1a and f~
cacnex1a that has not been fully explored is the p0851b1e 1nvolvemen1
of lipid moblllzatlon sSeen w1th ‘some cancers. It has been reported
that in the latter stages of certain types of mallgnant dlseases,‘
”of both human and laboratory anlmals, there is a greater loss of
body welght with an accompanylng hyperllpemla, than can be ex- |
plalned by decreased appetite. If thlS hyperllpemla is produced
by substances . ass001ated with the tumor and is accompanlned by an }“'
impairment of the bodv s ablllty to utlllze the llpldS that have
' been made avallable, then anorexia and cachex1a may, 1n part be ’
explalned by postulatlng that the hyperllpemla 1nte feres w1th
the body s appetlte control mechanism and thls, coupled with-
lmpalred utlllzatlon, allows the body to starve° The‘present
study examines whether the cachex1a and llpld moblllzatlon seen
in animals bearlng the mouse stomach carcinoma '2663 is a dlrect
‘lesponse to a llpld mobilizing factor produced by the tumor or is -
a stlmulatlon of normal phy81ologlcal llpolvs1s by the presence of
thls tumor. J

| The 1n v1vo data from Tables 1, and 2, 'utlllzlng tumor cells
and L—cells demonstrate the selective ablllty of the mouse #2663

tumor cell to cause massive lipid moblllzatlon and lndlcates that .

49
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this mobilizationvis not a response of mice injected with
cultured mouse cells., |
It was reportedlby Liebelt and co—workers in 1974 that

when CBA™ mice were 1njected with homogenates made from #2663
tumor cells a decrease in their lipid 1ndex was observed in four
days. This suggested that the tumor cells contained a lipid
mOblll7an factor that could be released by cell disruption.. ln
an efrort to verify these results, an experiment was performed
'Vu51ng mice of the same’strain,'sex, ‘and age, 1njected with homo~ -
genates.made'from a similar nuﬁber of cells andJSacrificedson
the'same time schedule.' The results from thlS experiment are
‘presented in Tables 3 and 4 and are opp051te fron those obtained
by Liebelt in l974° There are two p0531ble explanations for the
differing results~t 1) the mouse #2663 tumor cells have undergore a
‘»change in later’ Dassages in culture or 2) the homogenates prepared
by Liebelt contained. intact tumor cells. Since the tumor cells.
used in this experiment were a later passage of the same cells

used by Liebelt and have been maintained under-identical-condif

tions in the same laboratory and stilludemonstrate the in vivo
lipid mobilizing ability and the same growth_characteristics in
_culture, it seemsbunlikely that the cells have'undergone a major
‘chahge.in charaeters The second pO;Slblllty, that - the homogenatesvw<
prepared in the earller studj containea v1able cells, was in-
advertently tested when homogenates of the cellSjwere prepared'
~in saline using avPolytron_homogenizer. Thisltreatment was
assumed tc cause cell lysis and'the Polytron‘homogenate'thus
bformeo ‘was inJected into the animals. The'resultsvof this ex—i

periment, reported in taLle 5, are in agreement with those of



Llebelt et. al., (1974). However, upon reexamination of’the
nomogenlzatlon procedure it was found tnat the use of the Polytron :
caused very llttle lysls The experlment was repeated u51ng
'homogenates nade by sonlcatlng ‘tumox cells suspended in saline
on a Sonifier Cell Dlsruotor untll no. 1ntact cells would be‘.d
detected by phase contrast mlcroscooy and 1nject1ng thls honogenate.‘
‘The results shown in Table 3 are from an experlment performed f'
with sonicated cells and demonstrates that nelther homogenates of
mouse #2663 cells nor mouse L-929 cells cause in Zizg lipid |
'mohlllzatlon. Thus it seems most likely that'the difference-'
between the results of Liebelt's study and those oescrlbed here
are due to the presence of v1able cells 1n the bomogenate of the
former study ana that these were suff1c1ent to cause a decrease in
the fat deoot welght without the tumor belng detectcd |

It should be noted that tumors arose 1n all the animals that = =
received the Polvtron homogenates of tumor cells and that. they
were detectaole after: four days. - These lesions were lnduced by
twice daily 1n3ectlons for four days ol:approx1mately_4 x.lOS.
cells for a total cell 1njectlon of 3.2 X 106 cells, Normally
the tumors, 1nduced An anlmals with a s1ngle 1njectlon of 2 5 x 106 B
cells, are detectable only after ten to Iourteen dajs, and only'
aopear with this dosage level in about seventy—flve Dercent of tne;'
animals. : hlS dosage level was orlglnally d°Cld d upon oy Dr; R..f‘~
2., Liebelt because it was estwmated that the 01ece of tumor tlssue'.
transplanted by the trochar metnod (Llebelt andlLleoelt,,l9g7)
and known to initiate lipid mobilization contained approximately‘}
this number of cells° A secondary reason wasvthat while_increas~

ing ‘the number of cells to approximately 3.2 x 10% cells per'inF
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jectien increased'the/percentagevof tumors apﬁearing; it did_hot
decrease the tlme at which they were detectabl V .A single.in-
jection of more than 3.2 x lO6 cells dld not 1ncrease the per—
centage of tumors appearlng or decrease the tlme of thelr
_appearance: The'results described here suggest that mﬁltiple:;“
‘ihjections of a small humber of cells pfedﬁcertumots mqreﬁ
efficientiy than a_single injection of a large number_of_deils°

The increased effectivéneés'of»multiple injections may‘tesult'v

from elther the first few 1njectlons prov1dlng a protectlve cover~'
ing for the follow1ng 1nject10ns thus protectlng them from non-= |
specific attacks by macroohages or that they mlght stlmulate the
production of blocklng or enhan01ng antlbodles in the host that
serxrve to orotect the 1njected tumor cells from the lytlc act1v1t1es
of immune lymphowd cells° ThlS later p0351b111ty is time deoendent;u
and may or may not have time to occur. The_net effect'of;the‘
several injections seems to be that more_Viable‘celis“remain present
for establishment of the tumor than with a.single'injectioh,'thus
Aincteasing the percehtage ef_tumor‘?:oduetien"andgalsovdecreaSihg
the time required’fer'them to appear. o o |

‘The in vivo data has enabled the quantification of the'loss'of—

~

depot. fat fer CBA™ lean male hosts: it is“apptoximately thirtf
milligrams per.day per animal and“represents'a thirty~eight per*A
cent total deerease in depot lipid Weight at>the~end of twenty—six
days. This value agrees well w1th the’ values reoorted by Liebelt f;-
etf al., (1971), whlch ranged from twentj—elght to thllty six"
oercent These studies also wrov1ded ev1dence that suggests that
the tumor cells do not contain a lipid mobi llZlng factor that can.

‘be released by-cell‘dlsruptlon and thus suggests that tne‘decrease‘
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in the. weight of the deoot fat is not the result of a direct
acting llDld mobllizing substance produced by the tumor cells.
In order to verlfy the in vivo results and test for a
direct acting lipid mOblllZlng substance a series of experiments d;
was performed in which attempts were made to stimulate mobilization.,
from adipose tissue. Wlth fresh medium, forty eight hour condi—-‘
tioned medlum, cell homogenates and cell extracts, w1th the degreevl’
of stimulation being’ determined by the amount of free fatty'acidsl
‘released into the incubation medium as well:as the amountvof
increase in tissue cyclic AMP levels;? Tissue levels of-cvclic'AMP'“
were determined for two reasons,v First, because it has been .t |
reported by Butcher (1965), and confirmed by several other ?
1nvest1gators (Weiss et al., 1966; Humesvet;:al;, l968;lHuttunen‘
and Steinoerg, 1971 1971; Xhoo et. al, 1974), that an increase'
~in cycl1c AMP levels in adioose tissue mxxms prior to an 1ncrease
in liooly51s,‘and second because of the greater sen81tiv1ty of the N
assay, it seemed more likely to show smaller chances in lipolySis
than did measurement of free fatty acid releasen | |
In those experiments_in which adipose tissue was‘stimulated,

with cell homdgenates.or'cell extracts'from.mouse #2663vcells, the
- release of free fatty acids.from the tissue was'not-significantly
:greater.thanbthe'release caused by control cell homogenates}or'c
‘extracts. When‘cyclic AMP levels in adipose tissue stimulated’with'
homogenates and extracts were determined, lit was found that the

7CllC AMP levels in the tissue 1ncreased with the addition of - in-
creasing amounts of cell homogenates or extracts. ihls was true’ﬁ

for both #2663 tumor cells and L-929 cells. This_suggeStedrthat the
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abilityiof the homogenates and extracts'to stimulate.thebincrease'
‘1n cyclic AMP levels was due to cyclic AMP modulators common to E
both cells and not specific for the tumor cells.. The 1nab111ty
of the tumor cell homogenates or extracts to cause an 1ncrease fu
hin the levels of free fatty a01ds in the incubation medium or the
levels of cycllc AMP in the adlpose tissue over those levels
observed with control'L-929 cell homogenates and extracts in
vitre is consistent with the invzigg data and is'evidence against
the presence of a direct acting lipid mobilizer in the tumorvcellsgf

| In experlments 1n which fresh medium and forty—-eight- houri
conditioned medium T were .added. to the 1ncubat10n medium and in-
cubated for two hours, the data 1ndlcate that as the amount of
medium increased so did the detectable amounts of free fatty acids
. in ‘the 1ncubation medium. . It 1s apparent from table 7 and 8 that
tumor cells and L-cells remove a 51milar’amount of free fatty acids -
" from fresh mediuﬁ and thatineither‘possess a,significant amount
of a releaseable lipolytiC‘factorQ

The_in vivo data indicate»that‘yiable mouse #2663 tumor

cells‘injectediinto CBA= mice do cause a significant loss of
‘deoot fat and that the'weight is lost at approximately 30 mg per'
day. 1In gitro attempts'to induce the.releasevof free.fatty‘acidsﬂ'
~ from adipose tissue and to increase cyclic AMPaleuels in adinose
tissue as~well.as.i§ vivo attempts'to duplicate the loss of depot
fat with preparations other than viablevcells were not successful;‘
‘Therefore, the presence of a direct acting lipid mobiliier produced‘
by the tumor cells was examined_fromvseveralhpoints of»uiew'and

the failure of the in vivovexperiments using cell homogenates
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and extracts and of all the in YiEEQ eaperlmerts to cause llpld
moblllzatlon is strong ev1dence agalnst the llpld moblllzatlon
ooserved in vivo being caused by a dlrect actlng substance produced
by the grow1ng tumor.

There are several'possihle ways'ln-whlch>the!tuﬁorlcells‘could,:
causevtheir effect in vivo that are consistent With both the in"
yiyg and in zitgg-datarreported. 1) The tumor cells themselves
'mlght be altered in such a way that ox1dat1ve phosphorylatlon is -
uncoupled » ThlS would cause the tumor cells to use fatty acids at
the normal rate, which is supported by the data in tables. 7 and -8,
while deriving llttle Or no energy from thelr ox1dat1on. A secondary
effect of this would be that the tumor cells would depend nore ‘
heav1ly on glycoly81s for their energy needs, thus 1ncreas1ng
their use of glucose.' The 1ncreased use of" glucose ould result
in lower blood glucose levels, thus 1n1t1at1ng b] normal
phy51ologlcal pathways the release of gljcogen»and free fatty ac1dsn
Since the tumor cells are contlnuallv growing, the‘need for glucose J
bV them would contlnue to grow: and cause debletlon of‘the‘hostfs
glycogen supplleso The host would then be 51m11ar to‘an‘animal under
starvation condltons and would dlvert trlcarboxyllc ac1d cycle |
intermediates toward gluconeogenes1s and increase the. ox1datlon of
latty acids to help meet the energy requlrementS'of the‘host The*\‘
“result of these changes would be a persrstent nyoerlloenla, a lOba‘
of depot fat and the vastlnc of the anlnal S bodycv A1l of‘these
are observed in vivo. 2) The energy demand placed on the host by'
this growing‘tumor could cause a decreasetinvthe'blood_glucose
levels’thus initiatlng’gluconeogenesis in the liver and the release‘

of free fatty acids from adipose tissue. Since the tumor is
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contlnurng to grow, the‘energj demand would contlnue to 1ncrease f:
Whlle the glucose supply decreases. ThlS would be manlfested -
the same as if 1t were due to the uncoupllng of ox1dat1ve phos-'
phorylatlon. Either of these mechanlsms for an 1nd1rect effectAff
are con51stent with both the in- Z&ZE and 1n XiEEE data and are
Asupp01ted bj prellmlnary studles (McChesney and Schuster, un—l’
‘publlshed data) that indicate thatAthe tumor-cells,use_:“
V:approkimately_three times as uuchwglucosezas h?cells;.h3)_The'“
tumor cells could produce a subStance’that?Wouldrsuporess pahcreatlc*
llpase,dthus alterlng the absorptlon of fatty a01ds from the |
' small 1ntest1ne. This would 1mpede the host s ablllty to replace
“depot. fat. This , coupled with an . 1ncreased energy demand placed
on the host by the tumor,- would serve to lower blood glucose levelso
. and lead to the release of free fattv ac1ds from adlpose tlssue‘.

:by normal phy31ologlcal means.l Coupled with an 1mpa1red abllltV

' h‘to absorb fatty a01ds from the lntestlne, thlS‘WOuld cause an

accelerated loss of depot fat and a pers1stent hvperllpemla.

Althoughthe 1n vivo cell homogenate and extract data seem to rule
‘th1s out, it is pos51ble that the contlnual presence of the sub-.
‘stance that suppresses pancreatlc llpase is requlred,' 4) The tumor;
‘could synthe51ze a substance that could cause the release of a’
cllpolytlc substance from the anterlor pltultary gland or of
eplaephrlne From the adrenal medulla.] One could postulate that
the contlnual presence of one or more of these llpolytlc substances'f
 could accelerate the loss of depot Fat and also produce the

'per51stent hjperllpemla. The in vivo cell homogenate and extract

—

data would seem to rule out thls’posslblllty. It 1s however s

p0551ble that the contlnual presence of the substance that )

‘stimulates the release of‘the‘llpolytlc hormones is requlred for
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increase in lipid.mobilization'to be observed. Thusdthese;laSt ,
two“possibilities would both require viable tumor cells.to.be,‘h
present. o

The present stndy has provided a variety ofbdata aéainst h
the in vivo lipid mobilization being a directhresnonse-to a
substance produced by the tumor and by so doing.hasﬁsuégested that
the actual lipid mobiliZation is probably due to the stimulaticn
of the normal phy51olog1cal actlvators of llpoly81s.'hTt is t
postulated that the tumor cells effect the host in such a way
that one or more of the normal actlvators (catecholamlnes,
glucagon or peptlde hormones) of adlpose tlssue adenylate cvclase:
"are released thus cau51ng the subsequent actlvatlon of llpases
which can 1n1t1ate the release of free fatty a01ds from trl;
glycerldes. The release of these activators of cycllc AMP"
wouid be due to: l) the uncoupllng of ox1dat1ve phosphorvlatlon
in the tumor cells, 2) an increase energy demand placed on the
host by the tumor's growth and 1ts 1ncreased glucose requltement
3) the presence of a substance, oroduced by’ the tumor that ‘
suppresses pancreatic lipase, 4) synthe51s by the tumor of 5d1“
substance thatﬂstimulates the release of atlipolytic faCtor:ftoﬁ

the anterior pituitary gland or the adrenal mednlla}
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SUMMARYh

Anlmals bearlng Lumors 1nduced by mouse #2663 tumol cells'l
show a lo s of welght from thelr rat depots and cachex1a efter ff
carrylng the tumor for forty davso

Vlable #2663 tumor cells cause a 31gn1flcantly greater loss of
depot fat than do sham 1njected controls or anlmals 1n3ected o
with mouse L- 929 cellso. |

Cell homogenates and cell extractsffrom‘moose #2663 tﬁmor_cellS-;

do not cause in vivo loss of depot fat..

Cell homogenatesAand cell extracts from #2663 tumor cells do

~not increase the in vitro release of free fatty acids from

adipose tissue or the levels of cycllc AMP in adipose tissue
any more than do similar L~929 cell preparations°
Worty—eldht hour condvtloned medlum from mouse #2663 tumor

cells does not stimulate the release of free LaLtj ac1ds from ‘

- adipose tissue into 1ncubatlon medlum as’determlned by dlrect

measurements or measuring the release of radioactively labeled
free fatty_acids_nor does it increase'adipose'tissue cyclic AMP'W

levels any more than does conditioned medium from L—929 cells.

.'>Mouse #2663 tumor cells and L-929 flbroblasts utlllze a com-

parable amount of free fatty acids from fresh medlum.j_
Mouse #2 63 tumor cells apparentlj do not exert thelr effect
on the host's fat depots by a direct effect. That is, they do.

not produce a substance which acts directly on the fat depots-.7

" to mobilize lipids.
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