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ABSTRACT

To identify molecules on the cell surface involved in negative growth
regulation, we assumed that their amounts would be reduced after malig
nant transformation. We analyzed several proteins by fluorescence-acti
vated cell sorter in mouse NIH 3T3 and its transformed cell lines.
Surprisingly, the amount of Thy-1, a cell surface glycoprotein anchored
in the cell membrane by a glycophosphatidyl inositol linkage, was signif
icantly decreased in the transformed NIH 3T3 lines, especially in ras-
transformed NIH 3T3 lines. The malignant properties of clones of NIH
3T3 transformed by Kirsten murine sarcoma virus have a good correlation
not only with the high amount of RAS proteins but also inversely with
the amount of Thy-1. NIH 3T3 subpopulations lacking Thy-1 exhibit
more susceptibility to the induction of colony-forming ability in soft agar
by Kirsten murine sarcoma virus than the Thy-1-positive populations.
Finally the transfection of Thy-\ complementary DNA to the rai-trans-
formed NIH 3T3 significantly inhibits the colony formation in soft agar
as well as the tumor formation in nude mice. Our results suggest that
Thy-1 has negative effects on the anchorage-independent growth of ras-
transformed NIH 3T3 cells.

INTRODUCTION

Activated oncogenes have been demonstrated to efficiently
induce malignant transformation of established rodent fibro-
blast lines such as mouse NIH 3T3 and Rat-I in a dominant
fashion (1,2). Based on the possible hypothesis that molecules
crucial for negative growth regulation may be decreased after
transformation (3-5), we premised that some of them may be
on the cell surface, because the appropriate input of the external
information and outcome of properly regulated behavior in
normal cells could be partly dependent on certain cell surface
molecules. In fact, the retinoblastoma cell lines tested lack
receptors for and sensitivity to transforming growth factor ÃŸ,
one of the negative growth-regulating factors (6). Moreover,
the levels of several components of extracellular matrix such as
fibronectin, collagen, and laminili are decreased in transformed
cells (7, 8). Exogenous addition of fibronectin to the medium
reverts, at least, a part of the malignant growth properties of
transformed cells (9, 10).

In this study, we have searched for cell surface proteins
expressed at decreased levels after transformation of mouse
NIH 3T3. We found that the levels of Thy-1 were decreased in
several transformed NIH 3T3 lines. Thy-1 is a cell surface
glycoprotein having covalent linkage with glycophosphatidyli-
nositol through which this protein binds to the cell membrane
(11, 12). It is also known as a developmental antigen expressed
on the surfaces of lymphocytes, neurons, and fibroblasts in mice
(13-15). Although the function of Thy-1 has not yet been
clarified in any of the systems, there is some indication that it
may play a role in cell-cell recognition (13). Recent reports
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have suggested that Thy-1 is a functional molecule in vivo and
may play a role in the activation, proliferation, and differentia
tion of many different cell types (16, 17). Here we present some
evidence indicating that Thy-1 has negative effects on the
growth of ras-transformed NIH 3T3 and propose that it may
have a functional role in growth regulation in mouse fibroblasts.

MATERIALS AND METHODS
Cells and Viruses. Oncogene-transformed NIH 3T3 lines used here

were as follows: 504 (v-fms transformed); DT (v-Ki-ras transformed);
635 (v-Ki-ros transformed); Ha-NIH (v-Ha-rai transformed); 2-1/NP
(v-src transformed); Mo/NIH (\-mos transformed); and N-fos (\-fos
transformed). Cll, F2, and R16 were morphologically flat revenants
derived from DT as described (18. 19). Infection with KiMSV,' cell

colony formation and soft agar assays, and tumor formation in nude
mice were carried out as described (18, 19).

Cell Membrane Staining, Fluorescence-activated Cell Sorting Analy
sis, and Cell Sorting. Cells were detached from culture flasks by PBS
containing 1 miviEDTA and stained with FITC-conjugated monoclonal
anti-Thy-1 antibody (Becton Dickinson, Mountain View, CA) as de
scribed (20). Stained cells were analyzed and sorted on a FACS and
automatic cell deposition unit (FACStarplul; Becton Dickinson). Before

FACS analysis or cell sorting, cells were incubated in PBS with 3%
fetal calf serum in the presence of propidium iodide (l Â¿ig/ml)to stain
dead cells. The stained dead cells were gated out by FACS at the time
of analysis or cell sorting. Cells were strictly size gated in order to
remove doublet or triplet cells.

Transfection with Thy-l cDNA. The full length Thy-l cDNA was
isolated as an Â£coRI fragment from the mouse 2C cDNA library
(provided by H. Saito, Dana-Farber Cancer Institute, Boston, MA)
with a mouse Thy-l cDNA probe (provided by M. Davis, Stanford
University, Stanford, CA). The cDNA contains the entire coding region
and the 3'-untranslated region but only 5 base pairs of 500 base pairs
of the 5'-untranslated region. pEThy-1 was constructed by insertion of

the Thy-l cDNA into a eukaryotic expression vector, pcEXV (provided
by A. Hall, Institute of Cancer Research, London, United Kingdom).

The plasmid DNA (5 Â¿ig)was cotransfected with pL2 (0.5 Mg)carrying
the neo gene (provided by H. Okayama, Osaka University, Osaka,
Japan), according to the method as described (21). The transfectants
were selected with growth medium containing 1 mg/ml of G418.
Medium was changed every 3 io 4 days.

Analysis of RNA and Protein. Total cellular RNA was extracted and
separated on an agarose gel containing formaldehyde (22). The baked
membranes were hybridized with "P-labeled probe DNA, rinsed, and
autoradiographed. The probes used were the 1.5-kilobase Â£coRIfrag
ment of Thy-l cDNA and the 1.7-kilobase Pstl fragment of pAl as a
0-actin-specific probe (23). Nuclear run-off transcription experiments
were performed as described (24). RAS proteins were analyzed by
immunoblot with a monoclonal anti-RAS antibody, NCC-RAS-004
(provided by S. Hirohashi and S. Nishimura, National Cancer Center
Research Institute, Tokyo, Japan) (25).

RESULTS
Levels of Thy-1 Are Decreased in Transformed NIH 3T3

Lines. We have examined levels of cell surface proteins includ-

3The abbreviations used are: KiMSV, Kirsten murine sarcoma virus; cDNA,
complementary DNA; PBS, phosphate-buffered saline. pH 7.2; FITC. fluorescein
isothiocyanatc; FACS, fluorescence-activated cell sorter; HaMSV, Harvey murine
sarcoma virus; FL, relative fluorescence intensity.
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THV-1 AS A NEGATIVE GROWTH REGULATOR

ing fibronectin, collagen IV, laminin, Thy-1, and H-2K in
oncogene-transformed NIH 3T3 lines using FITC-conjugated
antibodies and FACS. Among these cell surface proteins the
amount of Thy-1 in NIH 3T3 was significantly decreased by
transformation with \-fms (a cell line, 504), \-Ki-ras (DT), v-
src (2-1/NP), and \-mos (Mo/NIH), but not with \-fos (N-fos)
(Fig. 1/4).On the other hand, the Thy-1 levels on the cell surface
were not well coincided with the mRNA levels, except in 504
and DT (Fig. \B). Presumably the Thy-1 levels are regulated
by different ways in these transformed cells. We also examined
the malignant properties of the transformed cell lines by the
colony-forming abilities in soft agar (Table 1). Only N-fos failed

10 100 1000
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Fig. I. Comparison of Thy-l levels in oncogene-transformed NIH 3T3 lines.

A, FACS analysis of Thy-1. Cells were detached, stained with FITC-conjugated
monoclonal anti-Thy-l antibody, and analyzed as described in "Materials and
Methods." The unstained FACS profiles for the cells used were identical, and the
ranges were approximately at a FL of 20. B, Northern blot analysis of Thy-l
mRNA. Total RNA (20 jjg per lane) from each cell line was separated in agarose
gel and hybridized with a Thy-l probe (upperpanel). The same blot was denatured
and rehybridi/ed with a chicken ^-actin probe (lower panel). In A and B, the cells
used were as follows: /. NIH 3T3; 2, 504 (\-fms): 3. DT (v-Ki-raj); 4. 2-1/NP (v-
src); S, Mo/NIH (\-mos); 6. N-fos (Y-/OJ).

Table 1 Colony-forming efficiencies of oncogene-lransformed \IH 3T3 in soft
agar

Cell clone Colony-forming efficiency" (%)

NIH3T3504
(\-fms)DT
(v-Ki-ras)2-1/NP
(v-src)Mo/NIH
(v-moj)N-fos

(V-/0S)<0.153.2

Â±10.4*75.8

Â±12.642.3
Â±7.49.7
Â±2.5<0.1

" Cells (2 x 10') were seeded in soft agar. and the number of colonies was
counted on Day 14(18). The colony-forming efficiency (percentage) was calcu
lated from the ratio of soft agar colonies to viable cells seeded as measured by
colony formation assays in liquid medium.

* Mean Â±SD.

to form colonies in soft agar. These data suggest a correlation
between malignant properties of cells and the decreased
amounts of Thy-1.

Since the levels of Thy-1 and its mRNA in DT (two copies
of KiMSV) were significantly reduced, we investigated further
to clarify whether this phenomenon could be of general occur
rence in ras-transformed NIH 3T3. Two independent lines, 635
(one copy of KiMSV) and Ha-NIH (one copy of HaMSV), also
showed lower amounts of Thy-1 and its mRNA than NIH 3T3
(Fig. 2, A and B). The unstained FACS profiles for cells used
here were at a FL of approximately 20, suggesting that negli
gible amounts of Thy-1 are on the cell surfaces of DT and 635
cells, whereas Ha-NIH contains a significant amount of Thy-1.

In order to check whether Thy-1 is one of resultant markers
for untransformed cells, we measured Thy-1 levels in two types
of morphologically fiat revenants from DT: Cl 1 and F2 clones
isolated by chemical mutagenesis (18); and R16 clones isolated
by cDNA transfection (19). It should be noted that Cil, F2,
and R16 revenants have rescuable tumorgenic retroviruses and
produce high amounts of RAS proteins, so that they are cÃas-
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Fig. 2. Thy-\ expression in ras-transformed NIH 3T3 lines. A, FACS analysis
of Thy-1 in NIH 3T3. DT (two copies of KiMSV), 635 (one copy of KiMSV),
and Ha-NIH (one copy of HaMSV). FACS analysis was carried out as in Fig.
1/1.The unstained FACS profiles for the cells used were identical, and the ranges
were approximately at a FL of 20. B, Northern blot analysis of Thy-l mRNA.
Total RNA (20 ,/g per lane) was extracted from NIH 3T3 (Lane I), DT (Lane
2). 635 (Lane 3), Ha-NIH (Â¿one4), Cl 1 (Lane 5). F2 (Lane 6), and R16(Lane
7). respectively. C, nuclear runoff transcription of Thy-l gene. Nuclear runoff
transcription experiments were carried out as described (24). Transcription of the
.. .ii-ini gene was measured as internal control. The pBR322 probe was used as
negative control.
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THY-I AS A NEGATIVE GROWTH REGULATOR

sified to be dominant revenants. As shown in Fig. 2, A and B,
neither Thy-1 nor its mRNA was detected in the revenants,
suggesting that Thy-1 may not simply be one of the markers
for untransformed cells.

Nuclear runoff transcription experiments revealed that syn
thesis rates of Thy-l mRNA in NIH 3T3, DT, and Cl 1 were
almost equal to each other, based on those of 0-actin mRNA
as internal control (Fig. 2C). No significant amount of RNA
bound to pBR322 plasmid, suggesting that nonspecific binding
of RNA to Thy-l DNA can be neglected. Taken together, Thy-
\ mRNA is particularly unstable in DT and Cl 1. This could be
due to the activation of a Thy-\ mRNA-degradative pathway in
DT and Cll cells.

Decrease in Thy-1 Level Is Associated with Transformed
Phenotypes Induced by KiMSV. To address the issue that the
decreased levels of Thy-1 in the ras-transformed cell lines are
associated with their malignant growth properties, we examined
the effects of transformation by KiMSV on the endogenous
level of Thy-1 in NIH 3T3 cells. Cells (2 x 10") were infected
with helper virus-free KiMSV, plated in soft agar, and grown
for 14 days. The A series clones were isolated from three
independent large colonies containing more than 500 cells,
while the B series clones were from six independent small
colonies containing less than 50 cells. The A series clones would
be highly malignant, but the B series clones would not. The
amounts of RAS proteins were measured in the isolated clones
(Fig. 3/1). Three clones of B series (Bl, B2, and B3) contained
almost equal amounts of RAS proteins to DT and the A series
clones (A 1, A2, and A3). On the other hand, the rest of B series
clones (b4, b5, and b6) appeared to express fewer bands and
lesser amounts of RAS proteins, suggesting that these three
clones formed smaller colonies in soft agar, probably due to
lower expression of v-RAS protein. Although Bl, B2, and B3
clones produced high amounts of RAS proteins, they exhibited
lower abilities in forming soft agar colonies. As shown in Fig.
3B, Al and A2 cells did not produce detectable levels of Thy-1
on the cell surface. Lower amounts of Thy-1 were observed in
A3 and Bl cells compared with NIH 3T3 cells. On the other
hand, B2 and B3 cells contained the same levels of Thy-1 as
did the parental NIH 3T3 cells. In addition, the levels of Thy-
1 in b4, b5, and b6 clones were the same as in NIH 3T3 (data
not shown). The Thy-1 levels in B2 and B3 cells remained high,
even after the passages in liquid medium for 3 mo. suggesting
that v-RAS protein may not directly participate in the reduction
of the Thy-1 level.

The anchorage-independent growth capabilities of Al and
A2 cell clones determined by their colony-forming ability in
soft agar were higher than those of A3, Bl, B2, and B3 (Table
2). Although B1 and B3 clones had capabilities of forming solid
tumors in nude mice as did the Al clone, lower associated
mortality was observed compared with the Al clone. Further
more, the sizes of tumors caused by Bl and B3 clones were
significantly smaller than those by the Al clone (Table 2).
These results demonstrated that, in addition to elevated RAS
protein levels, the highly transformed phenotypes of KiMSV-
infected NIH 3T3 cells were associated with decreased levels of
Thy-1. However, our observations described above cannot argue
whether the decreased expression of Thy-1 is a result of the
transformation or a causal event. To answer this, we carried
out the following experiments to examine (a) effects of Thy-1
expression in NIH 3T3 cells on the susceptibility to transfor
mation by KiMSV and (b) effect of Thy-l cDNA transfection
to Al and DT cells on the transformed phenotypes.

A series B series

Z O < < < CD

|H*-RAS proteins

B

10 100 1000

FL
Fig. 3. Comparison of levels of RAS proteins and Thy-l in KiMSV-infectcd

NIH 3T3 clones. .4. immunoblot analysis of RAS proteins in KiMSV-infectcd
NIH 3T3 clones. Total protein extracts (100 /*g of protein per lane) from cells
were subjected to the analysis of RAS proteins. Immunoblot was carried out with
a monoclonal anti-RAS antibody. NCC-RAS-004 (from S. Hirohashi and S.
Nishimura), as described (25). The repeated experiments indicate no differences
in the levels of RAS proteins among DT, A1, A2, A3, BI. B2. and B3 clones. B,
FACS analysis of Thy-1. FACS analysis was carried out as in Fig. \A. Open and
closed arrows indicate the Thy-l levels of major populations of DT and NIH 3T3
cells, respectively.

Table 2 Tumorif;enic properties of KiMSl'-infected NUI 3T3 clones

Tumor incidence in nudemice*Cell

cloneNIH

3T3AlA

2A3BlB2B3Colony-formingefficiency"(%)<0.147.6
Â±3.655.3

Â±4.119.4
Â±3.15.2
Â±2.21.4
Â±1.02.2
Â±0.9Died/tumorbearing/tested(no.)0/0/32/3/3NT"NT0/3/3NT0/2/3Tumor

size(cm3)06.38

Â±1.93eNTNT1.36

Â±0.87NT1.69

Â±1.21
" Colony-forming efficiency was determined as in Table 1.
'Cells (5 x 10*) were inoculated s.c. into 4-wk-old nude mice (CDI; Charles

River Breeding Laboratories) (18). The fate of the inoculated mice and the tumor
sizes were estimated on Day 30 and Day 19. respectively.

c Mean Â±SD.
d NT. not tested.
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THY-1 AS A NEGATIVE GROWTH REGULATOR

Thy-1-negative NIH 3T3 Populations Have More Susceptibil
ity to Transformation by KiMSV. It was of interest to investigate
whether NIH 3T3 subpopulations lacking Thy-1 were more
susceptible to transformation by KiMSV compared with the
Thy-1-positive populations. To test this, Thy-1-negative (FL =
20) and Thy-1-positive (FL = approximately 80) populations
of NIH 3T3 were separated by FACS. Foci induced by KiMSV
in Thy-1-positive cells were slightly fewer than Thy-1-negative
cells; however, the ratios of the number of colonies in soft agar
versus the number of foci formed by KiMSV-infected cells were
lower for Thy-1-positive cells than for Thy-1-negative cells
(Table 3). In addition, all five independent colonies of KiMSV-
infected, Thy-1-positive cells in soft agar revealed no detectable
amount of Thy-1 (data not shown). The results prompted us to
ascertain whether Thy-1 plays a negative role in anchorage-
independent growth of transformed NIH 3T3.

Transfection of Thy-l cDNA Exhibits Partial Inhibition of
Anchorage-independent Growth of ras-transformed NIH 3T3.
To further investigate the possible involvement of Thy-1 in
negative regulation of malignant cell growth, we cotransfected
mouse Thy-\ cDNA in a eukaryotic expression vector, pcEXV-
1, with pL2 carrying neo (refer to Table 4 legend) into Al and
DT cells and selected them in medium containing 1 mg/ml of
G418. No morphological changes were apparent in G418-
resistant populations of either Al or DT cells transfected with
Thy-\ cDNA in liquid medium. The transfection of Thy-\
cDNA into these Thy-1-negative cells indeed induced the
expression of Thy-1 in approximately 50% of the G418-resist-
ant populations (Fig. 4, A and C). Control vector plasmid did
not induce the Thy-1 expression. The Thy-1-positive popula
tions were sorted by FACS and subjected to the soft agar assay.
The colony-forming ability of Al cells in soft agar was signifi
cantly inhibited by the expression of Thy-\ cDNA compared
with the control cells transfected with vector plasmid alone
(Table 4), suggesting that Thy-1 has the capability of suppress
ing anchorage-independent growth of the transformed fibro-
blasts. Moreover, a pool of cells from ten independent colonies

Table 3 Differential tumorigenicity of KiMSV-infected cells

Al DT

CellKÃŒ-NL6"

KÃŒ-NH6"

DTFoci624

Â±42*

548 Â±67
TMTC*Soft

agar
colonies608

Â±78
166 Â±44
TMTCSoft

agar
colonies/foci0.97

0.30

Â°NL6. Thy-1-negative populations of NIH 3T3, and NH6. Thy-1 -positive
populations of NIH 3T3, were infected by helper virus-free KiMSV and grown
for 4 days. The infected cells were pooled and named as KÃŒ-NL6and KÃŒ-NH6.
respectively. Cells (I x IO3) were plated in liquid medium to observe focus
formation on Day 5 and in soft agar to count colony number on Day 14.

* Mean Â±SD.
' TMTC, too manyto count.

Table 4 Effects of Thy-1 cDNA transfection on the colony-forming efficiency of
KiMSV-infected NIH 3T3 clones in soft agar

Colony-forming efficiency (%)

Transfected DNAÂ° Al cells DT cells

pcEXV-1
pEThy-1

44.6 Â±2.3C

10.3 Â±3.6
71.5 Â±6.8
73.3 Â±7.2

"pcEXV-l with inserted Thy-\ cDNA. Five j*g of DNA were cotransfected
with pL2 (0.5 ng) carrying the neo gene into Al or DT cells (refer to Fig. 3 and
Table 1) (1 x 10') as described (20) and selected in growth medium containing 1
mg/ml of G4I8. Medium was changed every 3 to 4 days.

After 2 wk of selection, Thy-1-positive cells were sorted by FACS and
subjected to estimating colony-forming efficiency (percentage). The levels of Thy-
1 in the positive populations are shown in Fig. 4. The soft agar assay was carried
out as in Table I.

' Mean Â±SD.

10 100 1000
FL

10 100 1000
FL

Fig. 4. FACS analysis of Thy-1 in the Thy-l transfectants. A, Al cells
transfected with Thy-l cDNA. An arrow indicates the Thy-1 level of major
populations of control Al cells. B, a pool of ten colonies grown in soft agar of
Thy-1-positive Al cells. C, DT cells transfected with Thy-\ cDNA. An arrow
indicates the Thy-1 level of major populations of control DT cells. D, a pool of
ten colonies in soft agar of Thy-1-positive DT cells.

of the Thy-l -positive Al cells grown in soft agar contained no
detectable amounts of Thy-1 (Fig. 4B). No differences in the
colony-forming efficiencies between the Thy-1-positive DT cells
and control DT cells transfected with the vector plasmid were
seen. It should be noted that a pool of cells from ten colonies
formed in soft agar of the Thy-l -positive DT cells also contained
a very low amount of Thy-1 on the cell surface (Fig. 4D). Not
only Al but also DT cells seem to require the reduction of Thy-
1 levels for growth in soft agar.

We further isolated cell clones from Al and DT cells trans
fected with vector or Thy-l cDNA. These cell clones expressed
high levels of RAS proteins similarly to their parental Al and
DT cells (refer to Fig. 3/1). FACS analysis revealed the presence
of Thy-1 on the cell surface of each Al-Thy-1 and DT-Thy-1
clone at FL of 100 to 200, indicating that the Thy-1 levels in
these transfectants are comparable to that of parental NIH 3T3
cells. As shown in Table 5, the four clones of Al-Thy-1 except
clone 5 exhibited lower colony-forming efficiencies in soft agar
than control Al neo clones. When clones, 1, 3, and 4 of the
Thy-1 transfectants were inoculated, significantly smaller tu
mors were formed in nude mice. We did not observe a tumor-
free mouse inoculated with Al-Thy-1 clones. These data on in
vivo tumorigenicity are consistent with those on the colony-
forming efficiency in soft agar. No detectable amount of Thy-1
on the cell surface was observed in three colonies derived from
each of the five clones isolated from agar. Thus expression of
Thy-1 in Al cells can suppress the colony formation in soft
agar as well as the tumor formation in nude mice, suggesting
that a decrease in the Thy-1 level is a causal event for transfor
mation of KiMSV-infected NIH 3T3. In DT cells, however, the
transfection of Thy-l cDNA did not affect either the colony-
forming efficiency in soft agar or the tumor formation in nude
mice. Again DT-Thy-1 colonies in soft agar lost Thy-1 on their
cell surface. None of the clones (15 and 9 clones from Al-Thy-
1 and DT-Thy-1, respectively) accumulated detectable Thy-l
mRNA, but nuclear runoff transcription experiments revealed
that the clones isolated from agar synthesized Thy-l mRNA at
approximately the same rates as did their parental Thy-1 trans
fectants. Finally, the transfected Thy-1 cDNA in these clones
was detected as in their parents by Southern blotting with Thy-
l cDNA and pcEXV-1 vector as probes. It seems likely that a
Thy-l mRNA-degradative system is induced in Al and DT cells

growing in soft agar and nude mide rather than genetic mutation
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THY-1 AS A NEGATIVE GROWTH REGULATOR

Table 5 Malignant properties ofr-Ki-ras-transformeti NIH 3T3 cell clones
transfected with Thy-1 cDNA

Cellclone"Al

neoCl.lC1.2CI.3Al-Thy-1Cl.lC1.2C1.3C1.4C1.5DTneoCl.lC1.2C1.3DT-Thy-1Cl.lCI.2C1.3Colony-forming

efficiency
in soft agar*

(*)45.043.250.424.826.02.213.049.282.188.371.478.390.091.9Tumor

sizec(cm3)5.93

Â±\.S9a6.66

Â±1.585.07
Â±0.770.31

Â±0.223.52
Â±0.630.93
Â±0.270.99
Â±0.283.60
Â±2.294.82

Â±0.134.97
Â±0.334.79
Â±0.425.33

Â±1.255.03
Â±1.014.55
Â±0.88(%)(100)'5.359.815.816.861.1(100)109.7103.593.6

Â°Five (<gof pcEXV-1 as vector or pEThy-1 were cotransfected with pL2 (0.5

ng) carrying the neo gene into Al or DT cells as in Table 4 and selected with
G418 (1 mg/ml). Al neo. Al transfected with vector: Al-Thy-1, Al transfected
with pEThy-1: DTneo, DT transfected with vector; DT-Thy-1, DT transfected
with pEThy-1. The levels of Thy-1 in the several cell lines isolated were deter
mined by FACS. The THy-\ transfectants, Al-Thy-1 and DT-Thy-1. expressed
Thy-1 at ranges between FL 100 and 200.

Soft agar assay was carried out as in Table 1.
c Cells (5 x 10') were inoculated s.c. into 4-wk-old nude mice (3 mice/group).

Tumor formation was observed in all of the mice used. The tumor sizes were
estimated on Day 18.

" Mean Â±SD.
' Numbers in parentheses, mean size of tumors derived from control cell clones

taken as 100% (5.89 cm' for Al neo clones; 4.86 cm' for DTneo clones).

at high frequencies (>10%), and this degradative system func
tions more efficiently in DT cells than in Al cells. This could
explain the differential effects of Thy-1 expression in Al and
DT cells on the anchorage-independent growth.

DISCUSSION

These data support the idea that a decrease in Thy-1 is a
causal event rather than a result of KiMSV transformation of
NIH 3T3 and that Thy-1 functions to inhibit anchorage-inde
pendent growth. Our findings may seem to contradict those
reported previously: namely, (a) expression of the Thy-l gene
in lymphocyte progenitor cells, kidney, and brain of transgenic
mice results in proliferative responses (16, 17); and (b) one of
the anti-Thy-1 monoclonal antibodies causes proliferation of
mouse T-cells and Thy-1 -transfected B-cells (26), possibly
through a glycophosphatidylinositol-mediated manner (27).
These earlier observations, however, do not necessarily indicate
the function of Thy-1 as a proliferation stimulator, and it is
possible that Thy-1 induces modifications in the critical cellular
signals required for development or differentiation, leading to
the proliferative abnormalities in mice (16, 17). Thus, the role
of Thy-1 in proliferation may be an indirect one. The results of
the latter experiments using an antibody do not clearly suggest
what the antibody does in the lymphocyte systems. In neuronal
cells, a different anti-Thy-1 antibody preparation enhances re
generation of their processes (28). In our preliminary experi
ments, monoclonal anti-Thy-1 antibodies markedly potentiated
the colony-forming ability in soft agar of the Bl clone of
KiMSV-infected NIH 3T3 (Thy-1 positive; see Fig. 3) (data not
shown). However, further experiments are needed to clarify the

validity of these results. Therefore, our findings on Thy-1 in
fibroblasts may not be incompatible with those previously pub
lished.

As suggested by others (13, 14, 29), in neurons and possibly
in fibroblasts, Thy-1 may exhibit opposite effects on growth
than in T-lymphocytes. The rat Thy-1 molecule in the brain is
different from that in the thymus due to changed carbohydrate
compositions (30). The forms of Thy-1 expressed in mouse and
human fibroblasts have higher apparent molecular weights than
do their brain counterparts, although the polypeptides ex
pressed by different tissues are similar (31). The different mo
lecular weights of Thy-1 may reflect a tissue-specific component
in the structure and would suggest interaction of Thy-1 with
some molecules in a tissue-specific manner. When the Thy-l
cDNA that originated from mouse T-lymphocytes was trans
fected into mouse fibroblasts, it could have been expressed as
the fibroblast form of Thy-1 which is capable of inhibiting
colony formation in soft agar (Table 4). It will be interesting to
know whether Thy-1 in fibroblasts consists of tissue-specific
carbohydrate portions and tissue-specific glycophosphatidyl-
inositol linkage. These components may play an important role
in determining the functions of Thy-1.

Adhesive abnormalities in malignant cells have been specu
lated to contribute to their anchorage-independent growth; i.e.,
the deposition of fibronectin and other extracellular matrix
components is deficient in most transformed cells (7, 8). Also
enhancement of acidic properties of the cell surface has been
observed in transformed cells (32). It is interesting whether
regulation of cell surface Thy-1 levels in ras-transformed NIH
3T3 is associated with acidic properties of the cell surface. The
data presented in this paper strongly suggest that Thy-1 in
fibroblasts can act as a negative growth regulator which is
reduced during the process of malignant progression. Thus, we
propose that the malignant transformation of NIH 3T3 cells
requires both an increased amount of oncogene products, such
as RAS protein, and a decreased amount of negative regulators,
such as Thy-1.
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