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ABSTRACT

The present study demonstrates that normal human fibroblasts (VVI-
38) exert a profound influence on the growth and differentiation of HSGc-

CS, a clonal neoplastic epithelial cell line of human salivary gland origin.
Coculture of HSGc-C5 with WI-38 resulted in a slowing of growth and

an increase in glycosaminoglycan synthesis by an indirect effect involving
a diffusible factors). Conditioned medium (CM) from WI-38 grown in
Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine

serum affected HSGc-C5 as follows. The CM suppressed growth of

monolayer cells; inhibited DNA synthesis; suppressed growth (decrease
in size of colonies) in semisolid agar, stimulated glycosaminoglycan
synthesis; induced expression of functional markers of the salivary gland,
such as the secretory component, lactoferrin, and lysozyme; inhibited
expression of alkaline phosphatase; and induced morphological alteration
into elongated cells. These findings strongly suggest that WI-38 CM

contains a factor(s) which inhibits growth and induces differentiation of
HSÃŒÃŒC-C5.The CM was also active on other human cancer cells as a

growth inhibitor, but not on normal human fibroblasts. Partial purifica
tion and characterization of the factor(s) suggests that it may be a novel
protein carrying both tumor inhibiting and differentiation inducing activ
ities.

INTRODUCTION

It is of great interest to study the interaction between cancer
and normal mesenchymal cells since the behavior of cancer
cells might be determined not only by their genetic makeup but
also by their environment. Many experiments have shown that
neoplastic cells exert modulation of the surrounding environ
ment such as normal mesenchymal cells and the extracellular
matrix (1-3). As opposed to neoplastic factors, cancer cells
might also be affected by surrounding normal cells. However,
the influence of normal mesenchymal cells on both growth and
differentiation of cancer cells is not yet clear. A recent study
suggested that normal epithelial cells affect the progression of
carcinogen-altered cells to a neoplastic phenotype (4). Another
study demonstrated that coculture of human cancer cells with
human fibroblasts resulted in distinct degenerative changes in
the cancer cells (5).

Epithelial tumors of the salivary gland contain a large amount
of stromal component. Especially, pleomorphic adenoma is
characterized by the presence of both epithelial and mesenchy
mal components in the tumor, although the origin of the
mesenchymal components remains to be determined. These
histopathological observations may suggest a profound inter
action between epithelial tumor cells and surrounding mesen
chymal cells. A human salivary adenocarcinoma cell line (HSG)
and its subclones might provide an excellent system for inves
tigating the regulation of growth and differentiation of salivary
gland neoplasms (6-9). Of several clones of HSG, one clone
(HSGc-C5) is less differentiated and carries high growth activity
in vitro and in vivo (7). We recently developed a system for
coculturing HSGc-C5 and a normal human fibroblast line (WI-
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38) to study interactions between cancer and normal fibroblasts.
In our experiments, we have found that medium conditioned
by WI-38 contains a factor(s) which inhibits growth and induces
differentiation of HSGc-C5. This communication describes the
influence of WI-38 CM on the growth and differentiation of
HSGc-CS.

MATERIALS AND METHODS

Cells and Culture. A clonal HSGc-C5 has been established in our
laboratory from human salivary adenocarcinoma cell line HSG (7).
These clonal cells, HeLa cells from a human cervical cancer, and KB
cells from a human oral cancer were grown at 37Â°Cin DME2 supple

mented with 10% calf serum and 2 IHM L-glutamine in a 5% CO2
incubator. Human embryonic lung fibroblasts WI-38 were obtained
from the American Type Culture Collection (Rockville, MD). Human
oral fibroblasts were obtained from lip mucosa using standard expiant
culture as described previously (6) and used at passage levels 3 to 5.
These human fibroblasts were grown in DME supplemented with 10%
FBS (M. A. Bioproducts, Walkersville, MD). Subculture was done at
7-day intervals using trypsin (100 Â¿ig/ml)in Ca2+-Mg2*-free PBS (pH

7.3) containing 4 HIMEDTA. In all experiments, the cells were assayed
in DME supplemented with 10% FBS.

Coculture of HSGc-C5 and WI-38. WI-38 was grown to confluence
in DME supplemented with 10% FBS in 16-mm wells of 24-well culture
dishes (Costar, Cambridge, MA). For coculture experiments, 2xl05
cells of HSGc-CS were coplated onto the confluent WI-38 monolayers
containing 2xl05 cells. Control samples were obtained from HSGc-C5
plated at equal density in 16-mm wells, and from the WI-38 confluent
monolayer without the coplating. In some experiments, the WI-38
monolayer had exposed for 5 min to UV (3 erg/cm2) 24 h prior to the

coculture.
Preparation of Conditioned Media. Conditioned media were prepared

as follows. Source cells were grown to confluence in the above-indicated
growth medium in 90-mm plastic dishes. Fresh DME supplemented
with 10% FBS was added to the confluent culture, and then the dish
was incubated at 37Â°Cfor 24 h. The CM obtained was centrifuged at

175,000 x g for 20 min and passed through a filter (pore size, 0.45
Mm),and this was stored at â€”20"Cuntil use. In some experiments, CM

was obtained from culture of WI-38 treated with cyclohexamide (10
ng/ml) or tunicamycin (2 /Â¿g/ml;Sigma Chemical Co., St. Louis, MO)
in DME supplemented with 10% FBS. Some WI-38 CM samples were
extensively dialyzed against distilled water at 4Â°Cfor 48 h and concen

trated by lyophilization. The lyophilized samples were suspended in
DME or PBS (pH 7.4), sterilized by filtration through a Millipore
filter, and used for the following assay. Prior to use, samples of CM
were diluted to an appropriate concentration with fresh DME supple
mented with FBS to a final concentration of 10%.

Growth Curves. To examine the effect of each CM on the growth,
cells were plated at a density of 1x 105cells in 16-mm wells and cultured
in DME supplemented with 10% FBS at 37"C in a 5% CO2 incubator.

At an appropriate incubation time, the medium was replaced with fresh
growth medium containing 50% of CM. At intervals, the viable cells
were counted.

Assays of DNA and GAG Syntheses. Target cells were routinely
seeded at an initial density of 2x10' cells in 16-mm wells. After 72-h

2The abbreviations used are: DME, Dulbecco's modified Eagle's medium;
FBS, fetal bovine serum; PBS, phosphate-buffered saline; CM, conditioned me
dium; CPC, cetylpyridinium chloride; GAG, glycosaminoglycan; SC, secretory
component; If, lactoferrin; Ly, lysozyme; AP, alkaline phosphatase; TGF, trans
forming growth factor.
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INFLUENCE OF FIBROBLASTO ON SALIVARY ADENOCARCINOMA CELLS

incubation, the medium was removed and the test sample of CM was
added. DNA synthesis was assayed 24 h later with a pulse of |'H|-

thymidine (0.5 Â¿Â»Ci/well;RCC Amersham 2.0 /iCi/mmol) for 2 h at
37*C. The cells were then rinsed twice with cold PBS and lysed by

treatment with l N NaOH. The lysate was neutralized with 4 N HC1,
and acid-insoluble materials were precipitated by addition of 10%
trichloroacetic acid in an ice bath. The precipitate was collected on a
membrane filter and the radioactivity was determined in a liquid scin
tillation counter.

GAG synthesis was assayed by the incorporation of [3H]acetate into

CPC-precipitated GAG. Target cells grown and treated with the test
sample in 16-mm wells were incubated in 1.0 ml of fresh medium
containing 5 fid of [3H]acetate (100 mCi/mmol; New England Nuclear)
at 37'C for 24 h. Thereafter, radiolabeled GAG was prepared and

precipitated with 2% CPC as described previously (7), and then the
radioactivity was counted.

Immunofluorescent Antibody Staining. To examine the influence of
WI-38 CM on expression of functional markers of salivary duct cells
in HSGc-CS, cells were stained by an indirect immunofluorescence
technique. Cells grown on glass coverslips were treated with 50% CM
for 48 h and fixed in PBS containing 3.7% formaldehyde for 30 min.
After washing thoroughly with PBS, the fixed cells were incubated with
rabbit antiserum to Lf or Ly (Dakopatts, Copenhagen, Denmark), or
goat antiserum to SC (Nordic Immunological Laboratories, Tiburg,
Netherlands) at 37'C for l h in a moist chamber. The cells were washed

with PBS for 30 min by mechanical shaking and stained with fluores-
cein-conjugated goat anti-rabbit IgG (Cappel Laboratories, West Ches
ter, PA) or anti-goat IgG (Tago, Inc., Burlingame, CA) for 37Â°Cfor 1

h. After washing with distilled water, they were mounted with buffered
glycerol (pH 9.5) and examined under a Nikon fluorescent microscope
(FLS).

Assay for Alkaline Phosphatase Activity. The AP activity of cells
treated with CM was determined as described previously (10).

Chromatography. Fast protein liquid chromatography was carried
out on a SuperÃ³se 12 column (10 x 300 cm; Pharmacia Fine Chemical,
Uppsala, Sweden). The lyophilized sample (1 mg) of WI-38 CM was
dissolved in 0.4 ml of PBS (pH 7.4) and injected onto a SuperÃ³se 12
column. The column was eluted with PBS, pH 7.4, at a flow rate of 0.5
ml/mi n and at 4*C. Fractions of 0.5 ml were collected. The absorbance

at 280 nm, the DNA synthesis inhibitory activity and the GAG synthesis
stimulatory activity were determined.

RESULTS

(.Â»cultureof HSGc-CS and WI-38. HSGc-C5 grew as cuboidal
or polygonal cells on the plastic dish (Fig. 1/4). To examine for
interaction between HSGc-C5 and WI-38, the former was co-
plated and incubated on a confluent monolayer of the latter in
the growth medium of DM E supplemented with 10% FBS.
Within 24 h after the plating, HSGc-C5 began to proliferate in
parallel orientation with the fibroblasts and showed elongated
morphology (Fig. IB), but the growth was slower than that of
the cells plated in wells without WI-38. The coculture of HSGc-
CS with WI-38 under the above-described conditions was tested
daily for GAG synthesis. An increase in incorporation of [3H]-
acetate into CPC-precipitated GAG was detected in the cocul
ture. The increase in GAG synthesis occurred after about 48 h
of cocultivation, and the amount of synthesized GAG in the
coculture was about twofold greater than the sum of the indi
vidual cultures (Fig. 2). The increase in GAG synthesis did not
occur when HSGc-CS was inoculated on UV lethally irradiated
WI-38 monolayers, which might suggest that the GAG stimu
lation was due to an indirect effect involving diffusible factors
produced by WI-38 rather than a cell-cell membrane interac
tion.

Effect of WI-38 CM on HSGc-C5. Fig. 3 shows the influence
of WI-38 CM on DNA and GAG syntheses in HSGc-CS. DNA
synthesis by HSGc-CS decreased with the addition of WI-38
CM in a concentration-dependent manner. The incorporation

Fig. 1. Phase-contrast microphotographs. A, sparsely growing HSGc-C5 cells
on the plastic dish. //. HSGc-CS cells grown on confluent monolayer of WI-38
cells after 24 h of the coplating. The growth of HSGc-CS cells was slower than
that of the cells alone. C, HSGc-CS cells treated with 50% WI-38 conditioned
medium for 24 h. The cells showed distinct morphological change to elongated
cells.

of [3H]thymidine into acid-insoluble materials decreased to 20%

of the untreated control when the cells were treated with 60%
WI-38 CM for 24 h. The amount of radiolabeled GAG in
creased with the addition of CM in inverse correlation with
DNA synthesis.

The WI-38 CM was also able to inhibit DNA synthesis and
to stimulate GAG synthesis in other human neoplastic cells
such as HeLa and KB, but this action was less potent than on
HSGc-CS (Table 1). On the contrary, the CM did not act to
inhibit but rather to stimulate DNA synthesis in normal human
fibroblasts such as WI-38 and primary cultured cells derived
from oral mucosa. On the other hand, HSGc-CS CM did not
cause major changes in DNA or GAG synthesis in either HSGc-
CS or WI-38 (data not shown). These findings suggest that the
effects of WI-38 CM may not be due to nutrient depletion but
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Fig. 2. Time course of [3H]acetate incorporation into GAG in coculture of

HSGc-CS and WI-38. HSGc-C5 (2X105) was coplated on UV irradiated (O) or
nonirradiated (â€¢)confluent WI-38 monolayer grown in 16 mm wells. Control
cultures were obtained from HSGc-CS plated at an equal cell density (â€¢),and
confluent WI-38 monolayers alone (A). Four types of cultures were labeled with
S fiCi/ml of ['Diacciate for 24 h before the times indicated. Radiolabeled GAG

was isolated and precipitated with 2% CPC. Points, average of triplicate wells.

220 â€¢

10 20 40 60
WI-38 conditioned medium (it

Fig. 3. Effect of WI-38 conditioned medium on GAG and DNA syntheses of
HSGc-CS. Conditioned medium (CM) obtained from WI-38 as described in
"Materials and Methods" was diluted at the indicated concentration with fresh

medium supplemented with FBS to a final concentration of 10%. Exponentially
growing HSGc-CS cells were treated with or without the CM in various concen
trations. After 24-h incubation, the cultures were labeled with 5 Â»iCi/mlof ['Hi-
acetate for 24 h or 0.5 /iCi/ml of [3H]thymidine for 2 h. Then incorporations of
['Hlacciaie into CPC' precipitated GAG and (3H]thymidine into acid-precipitated

DNA were counted. Points, average of measurements on triplicate wells, expressed
as percentage of untreated control.

are the results of an action that is specific for neoplastic cells.
Exposure of HSGc to WI-38 CM resulted in slowing of the

growth and distinct morphological alteration to elongated cells
similar to the altered cells observed in coculture with WI-38
(Fig. 1C). HSGc-CS cultured in DME containing 10% FBS
grew progressively and reached a plateau after 7 days of culti
vation. The cell number reached at this time was 12.4x10'
cells/cm2. HSGc-CS exposed to WI-38 CM showed much

Table 1 Cellular specificity of the effect of WI-ÃŒ8conditioned medium on DNA
and GAG syntheses

Target cells grown to semiconfluence in 16 mm wells were incubated in DME
supplemented with 10% FBS in the absence or presence of 50% WI-38 condi
tioned medium. After 24 h incubation, incorporation of [3H]thymidine into acid-
precipitated DNA and [3H]acetate into CPC-precipitated GAG was determined

as described for Fig. 3. The data represent the average of triplicate measurements
and are expressed as percentage of inhibition or stimulation.

[3H]thymidine

incorporation (%

|'H]acelate

incorporation (%)

TargetcellsHSGc-CSHeLaKBHuman

fibroblastsWI-38Inhibition61392300Stimulation0002321Inhibition0004942Stimulation95221100

10"

012345678

Days of culture

Fig. 4. Effect of WI-38 conditioned medium on cell growth of HSGc-CS. Cells
were plated in 16-mni wells at a density of 10s cells in 1 ml of DME supplemented

with 10% FBS. After 24 h cultivation, the cells were incubated in the growth
medium with the absence (â€¢)or the presence (O) of WI-38-conditioned medium
(CM) in 50% concentration. After 3 days of treatment, the indicated medium was
removed from some cultures and replaced with CM-free growth medium (â€¢).The
numbers of viable cells were counted with a hemocytometer using the nigrosin-
exclusion test. Points, average of triplicate wells.

longer lag phase, and the saturation density decreased to
6.6x10* cells/cm2 (Fig. 4). The growth suppression and mor

phological changes were observed rapidly within at least 24 h
after the addition of the CM, but were reversed when the CM
was removed from the culture.

HSGc-C5 had a high ability to grow in semisolid agar and
the frequency was approximately 60%, as measured by the
number of colonies containing more than 10 cells. When HSGc-
CS was cultured in the agar with 30% WI-38 CM for 14 days,
the cells formed irregular-shaped and much smaller-sized col
onies, although the number of total colonies was comparable
to that of untreated control (Fig. 5). The frequency of large
colonies with a diameter of more than 40 /um was 15.8% when
HSGc-CS was treated with CM, while it was 39.7% in the
untreated control.

Much evidence suggests that certain salivary proteins includ
ing Lf, SC, and Ly are possible markers for understanding
glandular function and cellular differentiation of normal and
malignant cells (7-9, 11, 12). In HSG culture system, nontu-
morigenic subclones were well differentiated with the capacity
to express these three markers (7), while HSGc-C5 was less
differentiated and failed to express Lf and Ly. Cells positive for
SC accounted for less than 10% of the cell population of HSGc-
CS. Using these markers, HSGc-CS was examined by immu-
nofluorescence technique. Exposure of HSGc-CS to WI-38 CM
induced expression of these functional markers. As shown in
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INFLUENCE OF FIBROBLASTS ON SALIVARY ADENOCARCINOMA CELLS

Fig. 5. Effect of WI-38 conditioned medium on colony formation of HSGc-
CS in semisolid agar. Suspension of 3x103 cells in DME supplemented with 10%

FBS containing 0.3% Special Agar Noble was poured in the agar medium which
had been hardened by addition of 0.6% agar into the growth medium with or
without 30% WI-38 conditioned medium. Thereafter, the cells were cultured for
14 days at 37'C in a 5% CO, incubator, and colonies containing more than 10
cells were counted. HSGc-CS had high ability to grow in semisolid agar, and
58.5% of the cells formed colonies, 39.7% of which were larger than 40 Â¿imin
diameter (A). The colonies of cells treated with WI-38 CM were irregular in
shape and much smaller in size (B). In the treated cells, the frequency of colony
formation was 50.6%, 15.8% of which were larger than 40 Â¡an.

Fig. 6, almost all of HSGc-C5 cells became strongly positive
for SC, Lf, and Ly when treated with 50% WI-38 CM for 48
h. Previous observation has suggested that AP is a possible
marker for identification of an undifferentiated state in HSG
(10). When HSGc-C5 was cultured in the growth medium with
50% WI-38 CM for 48 h, the AP activity was reduced to about
50% (data not shown).

These results suggest that the WI-38 CM contains a factor(s)
which inhibits the growth and induces differentiation of HSGc-
CS. Said factor(s) appeared to be produced de novo by WI-38.
This production was found to be inhibited by treatment with
cycloheximide, but not by tunicamycin (Table 2).

Factor(s) Produced by WI-38. The CM used in all experi
ments consisted of DME containing 10% FBS in which WI-38
had been cultured. Since the presence of growth factors and/or
inhibitors in the normal serum of various species is well known,
we need to develop a serum-free system to facilitate purification
and determination of any WI-38 factor(s). However, normal
human fibroblasts, including WI-38, have a limited replicative
life-span and require certain growth factors and/or hormones
for long-term growth. Morevoer, the production of the factor(s)
by WI-38 appeared to be dependent on the FBS concentration
in the cultured medium (data not shown). The activity in CM
obtained from serum-free starting medium was negligible in

terms of both growth inhibition GAG synthesis stimulation
(Table 2).

An attempt was made to identify a serum-free system which
would permit WI-38 to grow and produce the factor(s). As a
result, we found a small amount of both growth inhibitor and
GAG synthesis stimulator when WI-38 was cultured in serum-
free chemically defined DME supplemented with 1 Me/ml in

sulin, 10 Mg/ml transferrin, and 0.25 /ig/ml dexamethasone for
24 h (Table 2). Thus, the CM obtained by culturing WI-38 in
this medium was fractioned on a SuperÃ³se 12 column. A sharply
defined peak of inhibitory activity on DNA synthesis by HSGc-
CS was observed in Fractions 27-29 (M, 40,000-50,000). This
peak was coincident with the activity stimulating GAG synthe
sis (Fig. 7). The treatment of HSGc-C5 with these fractions
resulted in morphological changes with expression of SC, Lf,
and Ly. When the peak fractions (Fractions 27-29) were char
acterized, the physicochemical properties of the DNA synthesis
inhibiting activity were very similar to those of the GAG
synthesis-stimulating activity. Both activities were markedly
reduced by treatment with trypsin or heating at 100Â°C,but they
were relatively stable to heating at 56Â°Cand treatment with

alkali, acid, and dithiothreitol (Table 3).

DISCUSSION

Epithelial-mesenchymal interactions are essential for normal
growth and differentiation of developing organ systems, and
such interactions could play an important role in the growth
and/or complexity of human neoplasms. The present study
demonstrates that the normal human fibroblast line (WI-38)
exerts a profound influence on the growth and differentiation
of a human adenocarcinoma cell line (HSGc-C5) of salivary
gland origin. The coculture of HSGc-C5 with WI-38 resulted
in slowing of the growth and increased GAG synthesis by
HSGc-CS, by an indirect effect involving diffusible factors.
Imanishi et al. (5) reported evidence that human embryonic
fibroblasts induced degenerative changes in human tumor cells.
In the present study, we have found that coculture of HSGc-CS
with WI-38 resulted in a distinct morphological change of the
neoplastic cells into elongated cells. Medium conditioned by
WI-38 affected HSGc-CS as follows. The CM suppressed
growth of monolayered cells, inhibited DNA synthesis, sup
pressed growth (decreased colony size) in semisolid agar, stim
ulated GAG synthesis, induced expression of SC, Lf, and Ly,
inhibited expression of AP activity, and induced morphological
alteration to elongated cells. The CM is also able to inhibit the
growth of other human tumor cells such as HeLa and KB, but
stimulates the growth of human fibroblasts. HSGc-CS is the
most sensitive to the inhibition by the CM. Such variation in
the response of different target cells has been found with many
growth-inhibiting factors reported to date (13-18). A growth
inhibitor from rat liver affects nontransformed rat liver cells
but not the proliferation of malignant rat liver cells (13). On
the other hand, a tumor-inhibiting factor (TIF-1) from a human
rhabdomyosarcoma cell inhibits the growth of various human
tumor cells but stimulates the growth of normal human fibro
blasts and epithelial cells (14). A growth inhibitor from African
green monkey BSC-1 cells is able to inhibit the growth of BSC-
1 cells as well as rat lung and human breast epithelial cells, but
does not inhibit normal skin fibroblasts (15, 16). Interestingly,
recent study by Tucker et al. (17) suggested that the growth
inhibitor from BSC-1 cells (15,16) is closely related to platelet-
derived TGF/3. Roberts et al. (18) demonstrated a bifunctional
regulator of TGF/3, which acts as either an inhibitor or a
stimulator of cell growth depending on the target cells and the
conditions of the assay. TGFs (a and ÃŸ)are heat and acid stable,
trypsin and dithiothreitol-sensitive low molecular weight pro
teins which can induce anchorage-independent growth in non-
transformed cells. Although TGFs have been isolated from
culture medium of transformed cells, or normal and malignant
tissues, it has been reported that nontransformed cells do not
release detectable quantities of TGFs into culture medium (19,

2822

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2819/2431641/cr0480102819.pdf by guest on 19 M

ay 2023
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Fig. 6. Immunofluorescent microphoto-
graphs for detection of functional markers in
HSGc-C5. Cells were incubated in the growth
medium without (A, C, and /:') or with 50%
WI-38 conditioned medium (B, D, and l'i for
48 h at 37'C and then stained by an indirect

immunofluorescence technique with antiserum
to secretory component (.-Iand /(). lactoferrin
(C and D), or lysozyme (E and F).

Table 2 DNA synthesis inhibitory and GAG synthesis stimulatory activities in
medium conditioned with WI-38 cultured under various conditions

WI-38 cells were grown to confluence in DME supplemented with 10% FBS
in a 90-mm plastic dish. Thereafter, the medium was removed and fresh DME
containing the indicated drugs, proteins, and/or serum was added, and then the
cells were incubated at 37*C for 24 h. Each CM was dialyzed and concentrated
by lyophilization as described in "Materials and Methods." The lyophilized

samples were suspended in 15 ml of DME. Each CM (a final concentration of
50%) was tested in HSGc-C5 for DNA synthesis inhibitory and GAG synthesis
stimulatory activities. In each experiment, a control sample was prepared by the
same method as that used for CM from each unconditioned medium (UCM)
containing the indicated drugs, proteins and/or serum. These samples from all
UCM did not affect either DNA or GAG synthesis by HSGc-C5. The relative
activities of DNA synthesis inhibition and GAG synthesis stimulation were
calculated using the following equation:

Relative activity

_ /UCM treated control - treated with indicated C
I untreated control - treated with 10% FBS CM I dpm x 100

RelativeactivityConditions10%

FBS
10% FBS + 10 ng/ml cyclohexam-

ide
10% FBS + 2 Â»ig/mltunicamycin
Serum free
Serum free + insulin ( 1 *<g/ml)+

transferrin (10 Mg/ml) + dexa-
methasone (0.25 jig/ml)DNA

synthesis
inhibition100093

3
13GAG

synthesis
stimulation100

093

2
11

20 25 30 35 40 45

Fraction number

Fig. 7. Chromatography of WI-38 conditined medium. Medium conditioned
with WI-38 in serum-free DME supplemented with 1 /in nil insulin, 10 Â«ig/ml
transferrin, and 0.25 fig/ml dexamethasone was dialyzed against distilled water
and lyophilized. The lyophilized sample (I mg) was dissolved in 0.4 ml of PBS
(pH 7.4) and injected into a SuperÃ³se 12 column and eluted with PBS at a flow
rate of 0.5 ml/min at 4'C. The column eluate was monitored with a variable-

wavelength UV detector set at 280 nm. Fractions of 0.5 ml were tested for DNA
synthesis inhibitory and GAG synthesis stimulatory activities. The markers were:
aldolase, M, 158,000; ovalbumin, M, 43,000; insulin, M, 6,000.

20). More recently, however, TGF activity could be demon
strated from serum-free conditioned media of certain non trans
formed cells by acidification-neutralization (21, 22). The fac-
tor(s) which is present in WI-38 CM appears to be specifically
active on tumor cells as a growth inhibitor. The growth of

tumor cells was inhibited by native form (without acidification)
of the factor(s). The activity of the factor(s) is acid-, alkali-,
heat- and dithiothreitol-stable, but inactivated by treatment
with trypsin. These findings suggest that the factor(s) may be a
novel protein but not belong to the family of known growth
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Table 3 Effect of physical and chemical treatments on DNA synthesis-inhibitory
and GAG synthesis-stimulatory activities from Wl-38 conditioned medium

Fractions 27-29 from the SuperÃ³se12 Chromatography were pooled and used
for each treatment. After the indicated treatment, the samples were assayed for
both activities in HSGc-CS as described for Fig. 3. The results are expressed as
the mean value of duplicates.

% of untreated control
(activity)

Treatment
DNA synthe- GAG synthe
sis inhibition sis stimulation

ControlHeat,56'C for 30minHeat,
100'C for 3minTrypsin

(SOMg/ml) 37'C for 2hÂ°Trypsin

(50 Â¿ig/ml)+ soybean trypsininhibitor(lOOiig/ml),
37'C for 2hAcid,

1 M aceticacid*Base,
pH9eDithiothreitol

(65 mM) in 0.1 M'CHjCOONH,1

h at roomtemperatureWithout
dithiothreitol 1 h at room temperature1001055291048986IOS951009702495726710393

"The treatment with trypsin was terminated by the addition of soybean trypsin

inhibitor (100 iig/ml).
*The samples were acidified with 1 M acetic acid for l h at 4V. followed by

neutralization with l N NaOH.
' The samples were alkalified to pH 9.0 with 0.5 M Tris-HCl for l h at 4'C,

and then returned to pH 7.4 with l N HC1.
' The samples were incubated at room temperature for 60 min with 65 mM

dithiothreitol and extensively dialyzed against distilled water at 4*C, and then

concentrated by lyophilization.

factors including TGFs, epidermal growth factor, and platelet-
derived growth factor.

It is of interest that the WI-38 CM also increases GAG
synthesis by HSGc-C5. GAG is present in various types of cells,
and it is most often covalently bound to a core protein of cell
surface. Changes in GAG synthesis and composition are ob
served in some fundamental processes including early embryo-
genesis, cellular differentiation and neoplastic transformation.
The biological functions of GAG are probably involved in cell-
cell and cell-substratum interactions as regulators of cell adhe
sion, migration, and maintenance of morphogenesis. Exposure
of HSGc-CS to WI-38 CM resulted in an increase in GAG
synthesis and a decrease in DNA synthesis, indicating an inverse
correlation between GAG and DNA synthesis. An analogous
phenomenon has been observed in culture of HSGc treated with
either dibutyryl cyclic AMP or sodium butyrate,3 which are
potent inducers of differentiation in HSG (8-9). These findings
suggest that an increase in GAG synthesis in this salivary
adenocarcinoma cell line may be related to both cellular differ
entiation and growth suppression. Moreover, exposure of
HSGc-CS to WI-38 CM induced an increase in the capacity to
express SC, Lf, and Ly, which are possible functional markers
of salivary epithelial cells (7-9,11,12). The treatment of HSGc-
CS with WI-38 CM resulted in a decrease in alkaline phospha-
tase which is a possible marker for identification of an undif-
ferentiated state in HSGc(lO). These findings suggest that WI-
38 CM contains a factor carrying both tumor inhibiting and
differentiation inducing activities, or two types of factors in
cluding an inhibitor and an inducer. Until each factor is purified
to homogeneity, it will not be known whether the growth
inhibitor and the differentiation inducer are one and the same.
In our preliminary experiments, both DNA synthesis inhibitory
and GAG synthesis stimulatory activities coeluted in the same
fractions (Fractions 27-29, Mr = 40,000-50,000) through a
SuperÃ³se 12 column. The physicochemical properties of both
activities were also similar. Moreover, the treatment of HSGc-

3Unpublished data.

C5 with Fractions 27-29 resulted in morphological changes
and expression of the differentiation markers. Based on these
findings, it is suggested that the various changes occurring in
HSGc-CS treated with WI-38 CM are induced by a novel factor.
Further characterization and purification of the factor(s) are
required to prove this hypothesis. Such studies are currently in
progress.
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