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Tumor necrosis factor/cachectin (TNF) inhibits dif-
ferentiation of 30A5 preadipocytes into adipocytes.
In this process, TNF inhibits the expression of the
gene for acetyl-coenzyme-A carboxylase, the rate-
limiting enzyme for biogenesis of long chain fatty
acids. One of the early reactions caused by TNF is
the Ca?* redistribution of Ca®* from the bound form
to the free form. This Ca** redistribution results in a
transient Ca* efflux. High concentrations of Mg**
inhibit Ca®* redistribution and efflux. This inhibition
reverses the repression of acetyl-coenzyme-A car-
boxylase and reverses the TNF inhibition of the
differentiation of 30A5 preadipocytes into adipo-
cytes. This indicates that Ca?* redistribution be-
tween the bound and the free form is an obligatory
event in the sequence of actions caused by TNF in
30A5 cells. (Molecular Endocrinology 4: 1671-1678,
1990)

INTRODUCTION

Tumor necrosis factor/cachectin (TNF), a protein with
a mol wt of 17,000, is secreted by macrophages in
response to noxious stimuli, such as bacterial toxins,
viruses, and cancer cells (1-3). TNF exhibits cytolytic
and cytostatic effects on certain tumor cells as well as
a large number of seemingly unrelated physiological
effects in normal cells. For example, TNF induces mac-
rophage-induced angiogenesis (4), bone resorption by
osteoclasts (5), and secretion of collagenase in synovial
cells (6). In adipocytes, TNF inhibits the synthesis of
lipogenic enzymes (7, 8) by decreasing the rate of
transcription of specific genes (9-11). In 30A5 preadi-
pocytes, TNF completely blocks the differentiation of
cells into adipocytes (8). During this inhibitory process,
the synthesis of lipogenic enzymes, including acetyl-
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coenzyme-A carboxylase (ACC), is blocked at the tran-
scriptional levet (8, 9). In addition, TNF stimulates inor-
ganic phosphate uptake and ATP synthesis in 30A5
cells (12).

Just how TNF exerts such diverse physiological and
biochemical effects in different types of cells is not
known. However, all of the affected cells contain spe-
cific high affinity receptors for TNF in their plasma
membranes (13). The biochemical reactions triggered
by the interaction between TNF and its receptors are
essentially unknown. The affinity of TNF receptors and
the cytolytic activity of TNF are down-regulated by
activators of protein kinase-C, such as phorbol 12-
myristate 13-acetate, suggesting that protein kinase-C
may be involved somewhere in the chain of biochemical
reactions of TNF action (13).

In the present studies we attempted to answer some
questions about the early biochemical reactions that
make TNF action possible. Our experimental results
indicate that TNF causes the redistribution of ca** from
the bound to the free form, and that this Ca** metabo-
lism is required for TNF action in the repression of ACC
and in the inhibition of the differentiation of 30A5 prea-
dipocytes into adipocytes.

RESULTS

Effects of Ca?* lonophore and TNF on ACC
Synthesis and 30A5 Differentiation

The 30A5 preadipocytes (Fig. 1A) differentiate into adi-
pocytes in the presence of insulin and dexamethasone
(Fig. 1B). Differentiated adipocytes are loaded with lipid
droplets (Fig. 1B). This differentiation is completely
inhibited in the presence of TNF or Ca?* ionophore
A23187 (Fig. 1, C and D).

During differentiation the amount of ACC increases
about 3- to 4-fold (8). This increase in the amount of
enzyme is accompanied by an increase in the amount
of carboxylase MRNA as a result of an increase in the
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Fig. 1. Effect of Ca®* lonophore and TNF on Conversion of Preadipocytes to Adipocytes

Each panel represents 30A5 cells at X100 magnification of the cell monolayer under phase contrast microscopy. A, Confluent
cells; B, 9 days after confluence in the presence of hormone(s); C, 9 days after confluence, hormone(s) and TNF present throughout
the 9 days; D, 9 days after confluence, hormone(s) and Ca?* ionophore present throughout the 9 days; E, 9 days after confluence,
hormones and 30 mm Mg?* present throughout the 9 days; F, the same as E, except 200 U TNF were present in addition to the
agents present in E.




tumer Necrosie PacorfOachetin Action

Diax 4 Ins Dexaing ~{Deting)

fig, 2. Eifect of G

& s THE on AQC Synthesia
¢

Coardisnt seits on GO0 md"'*&“';:n/e‘f-s moubated i Bagl's
Basal e ped with 1% fetgl povins saran and

apgropniate Hormngd ne presance sl sbeence of THE
{400 J,'U, wr A-bropn-AE3 187 41 mw.} ior B days w1 37 O On
sy, oslis were washed with aold PBE, pH 7.5,

i weith Duffer contal i, ,«(}"} altivity
wurad as previcasty described {(see dgtarials arud
Kathos), Tae A aotity of day U palis ang day 8 oiis,
wiinh ware cuftured i i absence of harmanes, SEh et g%
controin, Diex, Densrnsthaan ) ingufin, Fach valug reg-
rosenls the avirags vaiue oblained rom thes plaies.

WBE T

i

~f transcription (B TNF decresses the oite of
p’z inn and, thus, FEnTassEs gene exprassion {183
fion of oC.f-‘s.‘) cmi differentiation by a;a 0
phore A23187 in also raflec tizd in 1 -spres o of the
e‘m'm ’*m of z* w ACD gene, as it tha case wzm Thit
{Figy, 25 I thas -"«rpenmﬂ 4 fully ditferentiated B0AS calis
iy the ,;'”vz‘w of insulre and fie,xamwhasonn Sh0wW
about Sdoid higher ACC activity than that i 3GaA5
preadipolyies 4?;9 21 Binges 3085 prmu OIS
unierge partial G serantiation i the alasnis 0? o~

rnones, amall increases in ACC in the ahsance of boe-
mor:et warn alen ohsarverd. TRE simast pomptaiely

5 the ncraaved “'zzihe«%,» of the enzyme (Fig.

a-w-) 3 3 £
2 tares & THFY, a3 did 08%7 o mpmm LESVAT {Fig. 2,
tanne - AZ3187) This :'4*8 08t fonooiore on he
ncucton of ADC Guring the (* Harentiation of p i

<
nonyies ed us {0 exs"’m? e possilile 1n\mivwmr‘ of

Catt in TNF action in 30AS preadiponyies.

Effect of TNE on PCa Bifiux and Influx

We have axamingd the €>ﬁ¢> ois of THF on both Ca"'
effhin and infiux winetics using "0a™". by 8xE

“"(
=S
54
=
W2

B ittt

4 3 i 2 20 24
TiME  {mind

Fig., 3. £ifeci o an s Effun
in Serarnerea £
Conthaent ol

Wit D l‘warz*zaﬁ dcf- <“ 2

{15 u
:

‘¢ Paswd ?\’h”ﬁiu’?- for Ghoat 2

wre guickly W\Q%’?fi tee Wi ;r@\'aa“f{wz st

nhe's Bas
‘a’ji 6 FRASE ress
Ahsdiar Coniain

mw?» fc' [d .

:‘J’,‘ u,'m G Aados

O adthee, 0AS

3ant Madium

.‘\ Wi’s i‘f‘s W

feons 385 Frawsipeoyies

*wm w«;mﬁd ’wa st 3

ba 0, xé'ﬂ“
frae Ea-

y i ate il sorumefoag

St Mz fanie's Basal
nged every
> neditin WS

alicay Doanien, THE

WA ﬁsporyim were prefuaded with
*hum acn o fres Poat

BT B 7 wito the medium
was examined g 3L F- 5'owmg e asiabishrment of

ady stats }una*z s for e

50
cusly marstored. As shown in Hig. S ihe soditon of

THRF procduced an pnadia
wzs folfowad by g radused, but
jﬁu;. fastingg savaral m

fion was added, and ¥OaY "mmw@ was sont

"t % ‘5"\(3' ’

yixie

se, THNE or huffer

i

which
3 ra’: rﬁ

ﬁim pu%

At >"f" wem c*rswved rigir

{riata ned shown. ?rw @ex,ﬁwm? t' AU

oi the »fari efferts of THF ig relaied t
EUAUS NF nad o effect an the kmrv 16 0

mia}\a{.e 3ia not shown,

Effect of THF on 08 Metsbuolism

THEne

© afiux in the absence of exiracal-

sty S s gs-"sstc i ha? she effiux might be due o he
inoresssd frea G contration inthecelis 33 8 rmui
of the rexd -ﬁfnb;.:i.c;ﬂ f ﬁhe bewrt Ca'r 1o frew €37

i

derponstrats thal t:f'.: Oa™" effiux ocounming

arvition is t"w ragit Of (,m'

moung Ca® and irem f,a iy i

frem Oa™ way measured using

ter 'f'z"-é?
rachstribubion batwean
o cell, the intracelitdar
s cyiorseter (Fig.

o
kY



Vol 4 No. 11

MOL ENDO-1990

1674

o} dn Joj apew aam sBUIPJODBI SNONUIUOD PUE ‘[|90 MO} J818W0A0 BUY OJUI PANURUOD SBM a|dwes ‘Ajgreipawiw|

-awy UaAIB e 1e yibusjeaem Jo onel Jeinoed B Yim S[j99 GVOE JO Jeguinu sy} sejou 8Jeds "lw
JANL N 00% ‘I YW/ANL N 002 ‘A JW/4NL N 001 ‘D YW/4NL N 0S ‘g ‘dNL Ou pauleuo) 'y "UnJ Yoes usamiaq SUOHN|OS Jayng 8384)-WNJO[eD YUM paysnjj Sem wayshs oy -aidwes/oss gL

uoje)UoUOD sieudosdde 8y) JO jw G| ‘OBEJ B} SUILISIOP O} PAPI0JSI SI9M SIUBAS 1SJ) dY} Joye Ajoreipawiw) “I8}8WO0}AD 8y} OJul PEONpo.u

1199 JO sJaupw Ay pUB paIpuny auQ ‘Papeo) A[INj 31om S|j82 8U} 18U} 2INSUS 0} PIOHUOW B18M SINBUDY Buipeo D /g1 U

IWIL SWIL
82T 26 89 oc ] 22T 153 29 oE 8
1 - - ! 1 1 1 © - L L o
N n
© -]
® o
in P
© ®
) -
T I
o o
x a
- ﬂ ﬂ ﬂ_
or S0
>z HZ
) [n]
o o
o ®
® 1@
e e
© ®
. a:
® . 1=
SWIL
CER 06 89 oc e 027 oc

“1:2 4

T

FYE)
BNOT1/ LHOHS

008

EYY

-paxiw pue ajdiies ay} ojul walsAs uonoaful 8y} BIA PappE 3Jem JNL 4O

| pue Jejdwes ayy ojul pade|d aiem uolsuadsns

IW G O} |-OPU] WWI | UM PSPEO| 1M (jw/s|i8d ;0L X G) SIIBD

;BD 8814 JO UOIEISUBY aU} Ul N 40 10943 b “Bid
JWIL
ect 86 29 (=>4 -]
L 1 I 1 I I Lt
n
()
]

T

009
OND71/ LHOHS

T

o007

124

209 ' !
5HNO/L¥OHS

T

T

EYY:)

YT R




Tumor Necrosis Factor/Cachetin Action
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Fig. 5. Reversal of TNF Repression of ACC by Mg**

The 30A5 cells were subjected to the differentiation scheme
described in Materials and Methods in the presence (200 U/
ml) or absence of TNF. Different concentrations of magnesium
acetate were included in the culture medium, as indicated in
the figure. ACC activity was measured as described in Mate-
rials and Methods.

4). 1t is clear that a sudden surge of free Ca®* occurs
in the absence of external Ca2* within 30 sec after the
addition of TNF, and this is followed by a slow decrease
in the free Ca2*. The maximum free Ca®* surge was
observed at 200 U TNF. This experiment indicates that
TNF causes Ca?* redistribution from the intracellular
bound form to the free form in a transient fashion in
accordance with the “*Ca** efflux observed.

Effects of Mg2* on TNF Action on ACC Expression
and 30A5 Preadipocyte Differentiation

Several intracellular components are involved in the
regulation of Ca®* in the cell (17); the endoplasmic
reticulum-bound form of Ca®*, mitochondrial uptake of
Ca?* at high cytosolic concentrations, and other Ca**-
binding proteins, such as calcium-binding proteins. Ca**
metabolism in some of these components is affected
by Mg?*. For example, Mg?* inhibits Ca®* uptake by
mitochondria (18), and Mg®* affects the formation of
inositol 1,4,5-triphosphate, which is the intracellular
agent involved in the release of the endoplasmic retic-
ulum-bound form of Ca** by affecting the conformation
of a specific G-protein (19).

To establish a causative relationship between TNF
action and Ca?* metabolism on ACC expression and
30A5 cell differentiation, the effects of Mg?* on TNF
action and Ca** metabolism were examined.

When 30A5 cells were incubated in the presence of
different concentrations of Mg®", Mg?* was very effec-
tive in reversing TNF action on ACC repression (Fig. 5).
At 30 mm, Mg®* almost completely reversed TNF
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repression. At these concentrations of Mg®*, cells con-
tained a relatively constant amount of ACC (Fig. 5)-
This striking effect of Mg®" on TNF action is also
observed in the differentiation of 30A5 cells. In the
presence of 30 mm Mg?*, the cells underwent normal
differentiation in spite of the presence of TNF (Fig. 1F).
This concentration of Mg?* had no effect on the differ-
entiation (Fig. 1E).

Under the same experimental conditions, Ca?* redis-
tribution caused by TNF (Fig. 6C) is also inhibited by
Mg?* (Fig. 6D). This establishes that under conditions
that inhibit the generation of free Ca®* TNF cannot
repress ACC or inhibit cell differentiation.

Effect of Pertussis Toxin on 1502+ Efflux Mediated
by TNF

I the “6Ca2* efflux pulse occurs in 30A5 cells as a result
of TNF activation of G-protein, which leads to the
formation of inosito! 1,4,5-triphosphate, ADP-ribosyla-
tion of G-protein by the use of pertussis toxin should
affect *Ca2* efflux. The results of a test of this hypoth-
esis are shown in Fig. 7. TNF-stimulated 45Ca?* efflux
was examined in 30A5 cells that were incubated with
different concentrations of pertussis toxin for 16 h.
Pretreatment of the cells with the toxin (10 ng/ml)
almost completely abolished the effect of TNF, indicat-
ing that the TNF-mediated 45Ca2* efflux pulse may be
the result of the activation of G-protein (Fig. 7). How-
ever, further detailed experimental analysis is required
to establish the relationship between phosphoinositide
metabolism and TNF action.

DISCUSSION

TNF exerts multiple physiological effects in a variety of
cells. Although the mechanism underlying TNF action
is not well understood, extensive biochemical studies
reveal that, at least in the case of the lipogenic enzyme
system, the effect of TNF is exerted at the level of
specific genes (9-11). On the other hand, how the
existence of interaction between TNF and the plasma
membrane receptor is translated into the subsequent
biochemical reactions is unknown. In the present stud-
ies we have established that TNF binding to the recep-
tor causes a transient Ca®* efflux peak.

Intracellular metabolism of Ca®* is affected by Mg**
at several points. Mg®" inhibits Ca®* uptake by mito-
chondria, and Mg?* also affects inositol 1,4,5-triphos-
phate formation by changing the effective conformation
of G-proteins that might be involved in the action of
TNF. TNF activation of G-proteins in GL-60 and mouse
L-909 cells has been reported (20). In our preliminary
experiments, we have also observed TNF activation of
G-protein in 30A5 cells. However, how TNF activation
of G-proteins is related to the observed Ca*" efflux
requires further investigation. These experiments are
being carried out. Since Mg?* inhibits mitochondrial
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The experimental conditions were the same as described in Fig. 4, except that cells were preincubated as follows: A and C, no
additions; B and D, 30 mm Mg?* for 5 min before the experiment at 37 C.

uptake of Ca?*, the Mg®* reversal of several of the
effects of TNF may not be related to Mg®* action at this
uptake step.

Whether all actions of TNF in different systems can
be reversed should be investigated. The information
obtained in such investigations would be valuable in
formulating the axis of biochemical events in TNF ac-
tions.

MATERIALS AND METHODS
Materials

Commercial products were obtained from the following
sources: Eagle’s Basal Medium (M. A. Products, Walkers-

ville, MD); fetal bovine serum (Gibco, Grand Island, NY); dex-
amethasone and insulin (Collaborative Research, Wal-
tham, MA); ['“C]sodium bicarbonate (55.5 mCi/mmol; Re-
search Product International, Mount Prospect, IL); [“*Ca®*]
CaCl, (25 Ci/g; ICN, Irvine, CA); AMP-PNP (Boehringer Bio-
chemicals, St. Louis, MO); pertussis toxin (List Biological Lab-
oratories, Inc, Campbell, CA); creatine phosphokinase (Sigma
Chemical Co., St. Louis, MO); and 4-bromo-A23187 (Sigma
Chemical Co.). Indo-1 was purchased from Molecular Probes
(Eugene, OR). TNFa was a generous gift from Dr. Tatsro
Nishihara of the Suntory Institute (Osaka, Japan). The specific
activity of TNF was 2.02 X 10° U/mg protein based on the
mouse L929 cytotocicity assay (20). Endotocin contamination
was less than 0.49 ng/mg protein according to the manufac-
turer's information. The 30A5 cells, derived from 10T 1/2
mouse fibroblasts by 5-azacytidine treatment, were obtained
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Confluent cells on 60-mm plates were pretreated with var-
ious concentrations of activated pertussis toxin for 16 h at 37
C in Eagle’s Basal Medium containing 10% fetal bovine serum.
After washing, cells were equilibrated with **Ca®* (15 mCi/ml)
for 3 h at 37 C in Eagle's Basal Medium. “*Ca®* efflux was
measured as previously described (14). TNF was added at 9
min. TNF-induced “5Ca®* release from pertussis toxin-pre-
treated cells was calculated from the difference between
502+ released in the presence and absence of 200 U/ml TNF
at 10 min of efflux.

from Dr. S. Konieczny, Department of Biology, Purdue Univer-
sity.

Cell Culture

Culture plates (60 mm) were initially seeded with approximately
3.5 x 10* cells. Confluent growth was reached 5 days later.
Cells were grown in Eagle’s Basal Medium supplemented with
10% heat-inactivated fetal bovine serum. At confluence, fresh
medium containing 10~° M dexamethasone and 5 mg/ml insulin
was added. After 3 days the medium was changed to include
only insulin, and the cells were maintained in this medium for
the remainder of their differentiation. The culture medium was
changed every 3 days with fresh medium supplemented with
insulin.

ACC Assays

ACC was extracted from cells as previously described (8),
except for the following modifications. Cells from a 60-mm
culture dish were washed twice with cold PBS, pH 7.0. Two
hundred milliliters of a buffer containing 50 mm Tris-HCI (pH
7.5), 1 mm EDTA, 0.1 m NaF, 0.25 m sucrose, 0.4 mg/mi
digitonin, and 1.5 mm phenylmethylsulfonylfluoride were
added, and the samples were shaken for 2 min in an ice bath.
The supernatant was adjusted to 80 mm phosphate, pH 7.0.
The amount of protein in the supernatant was measured by
the bicinchoninic acid method (14). BSA was used as the
standard.

ACC activity was assayed in a final volume of 100 mi
containing 50 mm sodium phosphate (pH 7.0), 10 mm sodium
citrate, 8 mm magnesium acetate, 1 mm dithiothreitol, 10 mg/
ml BSA, 2.25 mm ATP, 0.5 mm acetyl-coenzyme-A, and 5 mm
['“C)sodium bicarbonate (56.5 mCi/mm), and 5 mg protein at
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37 C for 10 min. A reaction mixture without ATP, acetyl-
coenzyme-A, and sodium bicarbonate was preincubated for
30 min at 37 C, and the reaction was started by adding these
reagents. To stop the reaction, 50 ml 6.0 N HCI were added,
and samples were centrifuged for 8 sec in a Microfuge. ONe
hundred milliliters of the supernatant were used to determine
the amount of *CO. fixed in malonyl coenzyme-A. One unit of
ACC activity was defined as the micromoles of malony! coen-
zyme-A formed per min at 37 C.

45Ca?* Efflux

The measurement of *Ca?* efflux was performed as described
by Miasiro et al. (15). Confluent cells on 60-mm dishes were
washed five times with prewarmed Hanks’ Balanced Salt
Solution, pH 7.0. Cells were equilibrated with **Ca** (15 mCi/
ml) in 1.5 ml serum-free Eagle’s Basal Medium for 3 h at 37
C. After incubation, cells were quickly washed twice with
prewarmed serum-free Eagle’s Basal Medium and then incu-
bated in 1.3 ml serum-free Eagle’s Basal Medium or Ca**-free,
serum-free Eagle’s Basal Medium containing 2 mm EGTA,
which was changed every minute for 24 min. The *Ca*
released into the medium was assayed by counting in a
Packard Scintillation Counter (Downers Grove, iL). TNF (200
U/ml) was added 9 min into the efflux period. The radioactivity
of “5Ca?* remaining in the cells was counted by dissolving the
cells in 500 mi 0.1% sodium dodecyl sulfate.

“SCa?* Influx

To measure “Ca?* influx, cells were washed five times with
prewarmed Hanks’' Balanced Salt Solution, pH 7.0, and incu-
bated for 15 min at 37 C in serum-free Eagle’s Basal Medium.
After preincubation, cells were incubated in 1.5 ml serum-free
Eagle's Basal Medium containing 5 mCi/mi “*Ca®* in the pres-
ence and absence of TNF for 3 min at 37 C. The cells were
then washed five times with ice-cold Ca?*-free Hanks’ Bal-
anced Salt Solution containing 2 mm EGTA at 4 C. Cells were
dissolved in 500 ml 0.1% sodium dodecyl sulfate, and radio-
activity was measured.

Flow Cytometry

All cytometry was performed using an Elite cytometer (Coulter
Cytometry, Hialeah, FL). The instrument was equipped with
three laseres. These were a 15-milliwatt air-cooled argon laser
(model 2201, Cyonics, San Jose, CA) operating at 488 nm, a
10-milliwatt air-cooled helium neon laser (model 106-1, Uni-
phase, Mantica, CA) operating at 632.5 nm, and a 5-watt
water-cooled argon laser (Coherent Innova 90-5, Mountain-
view, CA) tunable from 528.7 to 351.2 nm. For the calcium
studies the 5-watt water-cooled argon laser was used for all
studies. Separate cross-cylindrical beam-shaping optics were
installed for this laser, providing an elliptical beam profile for
cell ilumination of approximately 15 X 60 um, using a 40 mm/
80 mm confocal beam shaping optic. The water-cooled laser
was operated with a continuous 160-milliwatt light output at a
wavelength of 351-363 nm. The BioSense flow cell was used
with a 250 mm? quartz channel with a variable restrictor to
control velocity.

A special kinetic sampler designed for the Elite cytometer
was used for these experiments. This sampler allowed for the
rapid introduction of very small volumes of activating agent
into the cell suspension. Because of the very short length of
the sample introduction line, it is possible to routinely sample
cells within 1 sec after introduction of the activating agent.
The kinetic sampler maintained a constant temperature of 37
C during analysis.

Forward angle light scatter was measured using the stand-
ard split photodiode detector. Right angle light scatter and
fluorescence were measured using four photomultiplier tubes.
Dichroic splitting and bandpass filters (Omega Optical, Brattle-
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boro, VT) were installed as follows. Ninety degree light scatter
was diverted using a 380-nm dichroic. Short calcium fluores-
cence was diverted using a 400-nm dichroic long pass filter,
followed by a 395-nm band pass filter. Long calcium fluores-
cence was collected using a 515-nm long pass filter, followed
by a 525-nm band pass filter. Additionally, the ratio signal and
time were collected as additional parameters on the Elite. Al
data were collected in the listmode to allow subsequent rean-
alysis.
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