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The colon cancer cell line, HT29, produces a soluble substance (HT29 factor) that blocks mitogeninduced T cell proliferation and the production of
interleukin 2 (IL 2). Inhibition of T cell proliferation
by the HT29 factor is reversible and isnot due to a
decline in cell viability
or an alteration in the kinetics of T cell proliferation. I t occurs even when the
HT29 factor is added only 24 hr before terminating
the T cell cultures, indicating that thefactor affects
cell division after activation of T cells has already
occurred. No inhibitory activity was found in medium conditionedby human colonic epithelial cells
or fibroblasts. The factor has an apparent m.w. of
56,000 and an isoelectric point of 7.9. It is sensitive
to endopeptidases, heating to 5 6 ° C and extremes of
pH. The HT29 factor also suppresses IL 2 production
by T cells. However, low IL 2 availability alone cannot account for the suppressive effect of the factor
on T cell proliferation, because the addition of exogenous IL 2 does not reverse the inhibition. This
block inIL 2 responsiveness is not primarily due to
a decrease in IL 2 receptors because Tac expression
on activated T cells is minimally decreased during
a 24-hr exposure to theHT29 factor. In addition, IL
2-induced proliferation of mitogen-activated T cells
is inhibited only slightly by the HT29 factor, indicating that a block inthe interaction of IL 2 with its
receptor is not its main mechanismof action. Thus
the inhibition of T cell proliferation is likely to be
due primarily to a mechanism independent of IL 2.

ample, soluble suppressor factors have been found in the
host's serum(1, 21, malignant ascites(3),or tumor tissue
(4-6). In the serum, such factorsinclude circulating tumorantigens,immunecomplexes,lipoproteins,and
acute-phase reactants (1, 2). However, there are disadvantages to the study
of factors recovered fromthe host's
tissues. For example, the sourceof such factors is often
uncertain, whether they are from the tumor
cells or the
host's lymphocytes. Even the tumor itself contains tumor-infiltrating lymphocytes that could contribute suppressor activity. Second, starting material obtained from
patients maybe heterogeneous due to differences among
individuals or tumors. Third, purification
of a factor from
such sources may be difficult due to the large number
of
extraneous proteins.
Severalinvestigatorshavestudiedsuppressorsubstances in medium conditioned by cancer cell lines in
vitro. Such soluble factors froma variety of tumor types
had m.w. ranging from7,000 to 200,000 and suppressed
a variety of T cell functions (7-10). This study examines
a factor derived from a human colon cancer cell line,
HT29, which markedly suppressed mitogen-induced peripheral blood T cell proliferation and interleukin2 (IL 2 )
production. Its possible mechanism of action has been
proposed, and some of its physicochemicalproperties
have been described.
MATERIALSANDMETHODS

Matertals. Sources of reagents were as follows: RPMI 1640 me-

dium. L-glutamine, antibiotic-antimycotic, Hanks' buffered salt solution (GIBCO Laboratories, Grand Island, NY): fetal calf serum (FCS)
The mechanisms by which malignant cells avoid de- (Microbiological Associates Bioproducts. Walkersville. MD): azocastruction by the immune systemof the host are unclear. sein, hydroxyethylpiperazine-N'-2-ethanesulfonicacid (HEPES),
ethylenediaminetetraacetic acid (EDTA). trypsin, a-chymotrypsin.
One contributing factor may be the immunosuppression pancreatic
elastase (bovine), soybean trypsin inhibitor (STI), therfound in cancer hosts. Whether this precedes orfollows molysin (Sigma Chemical Co.. St. Louis. MO): proteinase K (Boehrintumor growth is unknown. Tumors may have a propen- ger Mannheim. West Germany): Ficoll (Bionetics Laboratory Prodsity todevelop in patients with mildly abnormal immune ucts, Kensington. MD); Percoll (Pharmacia FineChemicals, Piscataway, N J ) ; phytohemagglutinin-P (PHA) (Burroughs Wellcome Co.,
systems.Certainly,patientswithsevereimmunodefiGreenville, NC): concanavalin A (Con A) (ICN Pharmaceuticals, Inc.,
ciencies, such as the acquired immunodeficiency syn- Cleveland, OH): [3HJthymidine(3H-Tdr)(2 Ci/mmol: Schwarz/Mann,
drome or ataxia-telangiectasia, have a n increased inci- Spring Valley, NY): collodion bags(Schleicher and Schuell,Inc.,
Keene, NH): Affi-Gel 10 (BioRad, Rockville Center, NY): carrier amdence of malignancies. Alternatively, established tumors pholytes,
Ultrogel AcA 44, 110-ml electrofocusing column (LKB Inmay suppress the immune system in the host. For exstruments, Inc.. Gaithersburg. MD): anti-Tac antibody (a gift of Dr.
Warner Greene. National Institutes of Health); anti-T9 antibody
(Ortho Diagnostics, Raritan. NJ): goat anti-(mouse Ig) IgG conjugated
Received for publication August 18. 1986.
to fluorescein isothiocyanate (GAM-FITC)(Coulter Immunology. HlAccepted for publication December 15. 1986.
aleah, FL). The units of ultrapure interleukin 1 (IL 1) (Genzyme.
Thp costs of publication of this article were defrayed in part by the
Boston, MA) and recombinant IL 2 (Amgen Corp., Thousand Oaks,
payment of page charges. This article must therefore be hereby marked
aduertisernent in accordance with 18 U.S.C. Section 1734 solely to indi- CA) were those defined by the producers.
Cell cultures. The HT29. A375. or IMR-90 cell line (American
cate this fact.
Type Culture Collection, Rockville. MD) was cultured in RPMI 1640
' This work was supported by the Foundation of UMDNJ.
medium supplemented with 10%(v/v) heat-inactivated FCS, 10 mM
'Correspondence address: Ellen C. Ebert. M.D.. UMDNJ-Robert Wood
HEPES, 2 mM L-glutamine, and 1%(v/v) antibiotic-antimycotic and
Johnson Medical School. 1 Robert Wood Johnson Place, CN 19. New
was grown to confluency in 25 cm2 flasks. To make conditioned
Brunswick. N J 08903-0019.
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medium, 1.5 ml ofRPMI 1640 medium with or without FCS was
added to flasks with confluent cultures and was incubated for 3
days and then was pooled, was filtered, and was stored a t -70°C
until use (HT29. A375, or IMR-90 supernatant). The cell lines were
screened for Mycoplasma contamination every 3 mo by using the
Hoechst stain (Crescent Chemicals, Hauppauge, NY) ( 1 1 ) . One unit
of inhibition in the HT29 supernatant was defined as that amount
of activity that produced 50% suppression of PHA-induced T cell
proliferation.
Epithelial cells were prepared from freshly minced pieces of human colonic mucosa obtained from two surgicalspecimens containing diverticulitis. The mucosa was incubated with 0.75 mM EDTA
in calcium- and magnesium-free Hanks' buffered salt solution in a
shaking hot (37°C) waterbath for 135 min. Cells in the buffer
solution were separated on a Percoll gradient (12). The 30% layer
contained over 90% epithelial cellswith viability of a t least 85%(13).
These cells were cultured for 3 days (2 X 106/ml) in RPMl 1640
medium with 10% FCS, and the conditioned medium was collected
(epithelial cell supernatant). The amountof carcinoembryonic antigen in each supernatant was determined by a n enzyme-linked immunoadsorbent assay (sensitivity, 0.05 ndml); a-fetoprotein levels
were measured by a radioimmunoassay (sensitivity, 7 ng/ml).
ProliJeratiue a s s a y s . Peripheral blood lymphocytes (PBL) were
isolated by layering heparinized whole blood over a Ficoll density
gradient, andT lymphocytes wereseparated by nylon wool columns.
T cells or PBL (5 x IO4) were cultured for 5 days in flat-bottomed
microwells at 37°C 95% air-5%
COz in 0.2 ml serum-supplemented
RPMI 1640 medium containing 1 pg/mlPHA or 18 pglml Con A.
Twelve hours before terminating the cultures, 1 pCiof 3H-Tdr was
added to each well, and 3H-Tdr incorporation was measured (1 2).
IL 2 production. T cellsor PBL ( 1 x 1 06/ml)were cultured in 1 pg/
mlPHA for 24 hr, and the medium was tested for IL 2 activity by
of IL 2 were determined by probit
using a CTLL 11 line (12). The units
analysis at 50%of the IL 2 standard (14). (The standard was
1 U/ml
of recombinant IL 2.)
Immunofluorescence. Indirect
immunofluorescence
was performed on PBL (1 x IO6) by using antibodies to Tac or T9 followed
by goat anti-mouse Ig-fluorescein isothiocyanate (GAM-FITC) ( 1 2).
At least 200 cells were counted by using a fluorescence microscope
(Zeiss)to determine thepercentage of positive cells. The flow cytometry data was
collected by using a Coulter Epics752 Flow Cytometer/
Cell Sorter equipped with a 5 W argon ion laser run at 488 nm
excitation wavelength by using 350mW of power and a 457/502 nm
and 525 nm filter set. The coefficient of variation for integrated
green fluorescence was 1.16. A minimum of 20.000 cells, gated on
forward angle and right angle light scatter, were accumulated for
each histogram. The data analysis was
performed by using the
Coulter Easy 88 system in conjunction withthe IMMUNO and QUADSTAT programs. For analysis of IL 2 receptor (Tac') fluorescence,
the emission was measured in relativeunits, corresponding to channel number. Log intensity of fluorescence was analyzed by using the
mean channel number for each histogram, as well as a determination of the percentage of positive and negative staining cells. The
percentage of Tac+ cells was calculated in comparison with a negative control of GAM-FITC-stained cells.
Sensitiuity of HT29factor to endopeptidases. Serum-free HT29
supernatant was treated with 100 pglml trypsin or a-chymotrypsin
for 30 min at 37°C. The reaction was stopped with400 pg/ml
soybean trypsin inhibitor. Aliquots of the supernatant were also
incubated for 30 min a t 37°C with 100 pgmlof elastase. thermolysin, or proteinase-K, each of which was coupled to Affi-Gel 10 beads.
The beads were then removed by filtration. The amount of enzyme
coupled to Affi-Gel 10 was quantifiedby its activity against 6% (w/
v) azocasein (1 5). The
inhibitory activities (U/ml) of endopeptidasetreated and untreated samples of HT29 supernatant were determined by their abilities to suppressPHA-induced T cell proliferation.
Isoelectricfocusing. A sucrose gradient (5 to 55%w/v) was prepared with 3%(v/v) carrier ampholyteswith a pH range of 3 to 10 in
a 110-ml LKB ampholine column. Serum-free HT29 supernatant in
5 ml (concentrated 20-fold witha collodion bag apparatus) was
placed in the centerof the sucrose gradient.Isoelectric focusing was
performed at 700V (constant) for 24 hr4°C.
at The column contents
were collected in 2.5 ml fractions a t a flow rate of 1.5 ml/min, and
pH and absorbance at 280 nm of each fraction were measured a t
25°C.
Statistical analysis. Control and test values were analyzed by
calculating arithmetic means and SEM for each set of data and by
comparing paired data by using the Student t-test.
RESULTS

Effect of tumor-derived solublefactors on T cell proIiJeration. T cell proliferation in response to PHA or Con

A was markedly suppressed when 50% of the medium
consisted of supernatants from either the HT29 or A375
cancer lines (Table I). In contrast, PHA-induced T cell
proliferation was unaffected by the medium conditioned
by normal human colonic epithelial cells or a fibroblast
line, IMR-90. Similar concentrations of carcinoembryonic antigen were found in the HT29 and normal epithelial cell supernatants (41 f 1 and 37 f 1 ng/ml, respectively), but a-fetoprotein was not detected in the HT29
supernatant. To determine whether the inhibitory effect
of the HT29 supernatant is due to a shift in kinetics, T
cells were cultured in PHA with or without HT29 supernatant, and the
resulting proliferation wasmeasured
after 1, 3, 5, 7, or 10 days of incubation. T cell proliferation was suppressed by the HT29 supernatant regardless of the duration of incubation (data not shown). To
eliminate the possibility that theinhibitory effect is due
to a toxic substance, T cells were cultured in serumsupplemented RPMI 1640 withorwithout
50% HT29
supernatant for3 days, and lymphocyte viability and cell
number were measured. They were found to be unaffected by the HT29 factor. When the HT29 supernatant
was added to T lymphocyte cultures, the inhibition of
mitogen-stimulated lymphocyte proliferation increased
in adose-dependent
manner (Fig. 1).Serum-supplemented HT29 supernatant contained approximately 60
U/ml of activity, whereas serum-free supernatant averaged 42 U/ml.
The HT29 factor was then added on days 0, 1, 2, 3,
and 4toT
cells culturedwith PHA, and lymphocyte
proliferation was measuredon day 5. The inhibitorysubstance could be added a s late a s day 4 of a 5-day culture
and still significantly suppress proliferation (p < 0.03)
[Fig. 2). If the factor was added on day 5 immediately
before the 6-hr pulse with 3H-Tdr, no effect on lymphocyte proliferation was observed. This rules out the
trivial
possibility that thefactor just affects uptake
of 3H-Tdr.
To determine whether the inhibitory effect is reversible, T lymphocytes were cultured in medium alone or
were supplemented with 50%HT29 supernatant. After 2
days, the lymphocytes were washed extensively and then
were subcultured with PHA. There was no significant
difference in thesubsequent
proliferativeresponse
whether or not the cells had been exposed to HT29 supernatant (45,479f 2,327 cpm vs 39,707 f 5,260 cpm;
n = 3). indicating that its effect was reversible. To test
for theinduction of suppressor cells by the HT29 factor,
TABLE 1
Effect of HT29 supernatant on mitogen-induced T lymphocyte
proliferation
Proliferation"
I3H-Tdr incorporation. cpm)

T cells + PHAb
T cells Con A

60.272 f 5.581 (8)'
+
58,391 f 4.115 (5)
T cells + PHA + HT29 supernatant
1.863
f
864' (8)
1,013 f
393'15)
T cells + Con A + HT29 supernatant
T cells + PHA + A375 supernatant
1,141 f
863d14)
T cells + PHA + epithelial cell supernatant 73.860 & 8,537 (4)
T cells + PHA + IMR-90 suuernatant
46.019 f 15,958 14)
a Proliferation after a 5-day incubation was expressed as total 3H-Tdr
incorporated (mean k SE) during a 12-hrpulse labeling period.
T cells (5x lo4)were cultured with PHA (1 pg/ml)or Con A (18 pg/ml)
in RPMI 1640 medium alone or supplemented with 50% (v/v) of each
supernatant.
E The number of experiments performed are in parentheses.
These values are significantly less than the control (T + PHA) (p <
0.001).
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serum-containing HT29 supernatant. After a 24-hr incubation, the medium was testedIL for
2 activityby using
the CTLL assay. The HT29 supernatant markedly depressed IL 2 production (0.5 f 0.3 U/ml, n = 6) compared
with a control (5.1f 2.0 U/ml, n = 6, p < 0.04). This was
not due to a suppressive effect on the CTLL cells themselves, because the proliferation of this IL 2-dependent
murine cell line to human or rat IL 2 was unaffected by
the presenceof HT29 supernatant (data not shown]. The
addition of IL 1 (5 U/ml] did not reverse the suppressive
I/ I
effect of the HT29 supernatant on IL 2 production. The
IL
2 activity produced by T cells cultured in PHA (5.3U/
20
ml) or PHA and IL 1 (5.9 U/ml) was suppressed by the
presence of 50% HT29 supernatant (1.3U/ml or 1.2 U/
ml, respectively].
0
10
20
30
40
50
0
If the suppression of lymphocyte proliferation by the
Concentration of HT29 supernotont
HT29 factor is due reduced
to
production of IL 2, then its
( O h of toto1 volume)
effects should be reversed by the addition of exogenous
F i g u r e 1 . Effect of increasing amounts of HT29 supernatant on the
IL 2. However, the proliferation of T lymphocytes cultured
(5 X lo4) wereculturedin
inhibition of T cell proliferation.Tcells
microtiter wells for 5 days with PHA ( I pg/ml) in 0.2 ml of medium
with PHA and HT29 supernatant (25 or 50%)did not
containing up to 50% serum-free HT29 supernatant. Proliferation was
increase significantly with the addition
of 25 U/ml of
measured by 3H-Tdr incorporation. and inhibition as a percentage of
recombinant IL 2 (Fig. 3A). Furthermore, supplementing
control was calculated. The data represent the mean
& SE of four experiments.
cultures with 1L 1 (5, 10, or 25U/ml) alone or in combination with IL 2 (5, 25, or 100 U/ml) did not reverse the
suppressive effect of 25% HT29 supernatant (data not
shown). In addition, IL 2 did not correct the inhibitory
action of 50%HT29 supernatant when both were added
on day 4 of a 5-day cultureof T cells withPHA (Fig. 3B).
Effect of the HT29 factor onIL 2 receptor expression
and the interaction of IL 2 with its receptor. The inability of IL 2 to overcome the inhibitory influence of the
HT29 factor suggested that the factor may have a n additional effect on IL 2 responsiveness. Thus thedevelopment of IL 2 receptors, measuredby Tac expression, was
evaluated. The percentage of Tac+ T lymphocytes enumerated with a fluorescence microscope wasno different
whether the cells were cultured for 1 day with
PHA in
the presence or absence of HT29 supernatant (35%f 9
0
1
2
3
4
5
vs 42% f 10, respectively, n = 3) (Fig. 4). However, after
Day of addition of HT29 supernotont
2 days of incubation with PHA, fewer T lymphocytes
Figure 2. Kinetics of inhibition by HT29 supernatant. Tcells (5 X lo4
expressed
the Tac antigen when culturedin 50% HT29
in 0.1 ml) were cultured with PHA and were supplemented daily with

[If

either 0.1 ml of serum-supplemented RPMI 1640 mediumor HT29 supernatant. The concentrationof PHA was maintained at1 pg/ml. On day 5, A
all the cultureswere pulsed with3H-Tdrfor 6 hr and then
were harvested.
Proliferation was measured by 3H-Tdr incorporation, and inhibition was
calculated a s a percentage of the control. The data shown are the mean
f SE of three experiments. When the supernatant was added on days
0.
1, 2. 3 . or 4. the percentages of inhibition were all significantly greater
than zero (p < 0.03).

I00

I

T cells were cultured with or without 50% HT29 supernatant for 2 days, were washed, were treated with mitomycin C, and then were co-cultured a t a 1: 1 ratio with
fresh autologous T cells and PHA. There was no significant difference in the subsequent proliferative response
whether or not cells exposed to the HT29 factor were
present in the culture (49,308
f 2,909 cpm vs 51,393 f
Figure 3. Effect of IL 2 on HT29-induced suppression of T lymphocyte
2,303 cpm, respectively, n = 3). These results indicate
proliferation. In P a n e l A, T cells (5 X lo4 in 0.2 ml) were cultured with
PHA ( 1 pg/ml final concentration) and 0 , 25. or 50%HT29 supernatant
that the effect of the HT29 factor is not due to the
in the presence
(B]or absence (0)of IL 2 (25U/ml final concentration)for
induction of T suppressor cells.
5 days. The resulting Tcell proliferation was measuredby 3H-Tdr incorEffect of HT29 factor on
IL 2 production.Experiments poration. The resultsare meanf SE of total cpmfrom three experiments.
In Panel B.T cells (5X lo4in 0.1 ml) were cultured with 1 pglml PHA for
were then conducted to determine whether the
HT29 5
days. On day 4. 0.1 ml of serum-supplemented RPMI 1640 medium or
factor affected IL 2 production, IL 2 receptor generation, HT29 supernatant was added with
(El) or without (0)IL 2 (25 U/ml) to the
or the interaction of IL 2 with its receptor. To test the cultures with additionalPHA to maintain its final concentrationat 1 p g l
ml. After 18 hr. the cultures were
pulsed with 3H-Tdr for a n additional 6
first, T cells (1 X 106/ml) were cultured with PHA (1 pg/ hr. Total 3H-Tdr incorporated is expressed as the mean ? SE of four
ml] in medium alone or were supplemented with 50% experiments.
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TABLE II
Effect of HT29 supernatant on PHA- orI L 2-induced proliJeration of
PHA blasts
~
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Proliferationb
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incorporation.
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6,504
1.358
4,013
2 f6 3

1.234 -C 84
3,320 2 5 18

8 0 f 3d
18f9

~~
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factor was stable from pH 6.5 to 8.5. The factor was
resistant to trypsin and a-chymotrypsin treatments, but
_ ~
_
it~ was
susceptible
to thermolysin, proteinase
K, and pancreatic elastase, suggesting that HT29
the factor contains
a protein. The m.w. of the factor was estimated to be
56,000 by gel permeation chromatography on Ultrogel
AcA 44 (Fig. 7). The peakof activity inhibited both PHAinduced T cell proliferation(even when supplemented
with 2 5 U/ml IL 2) andIL 2 production, indicating that a
single factor is responsible for both effects. The isoelectric point of the HT29 factor was 7.9(Fig. 8).

PHA-activated T cells ("PHA blasts") were cultured with PHA (1 kg/
ml) or IL 2 (0.25U/ml) for 2 days withor without 25%HT29 supernatant.
bValues are averages of three experiments, expressed as total cpm,
mean f SE. Background proliferation averaged138 f 2 3 cpm.
Values are averages of the percentage inhibition calculated for each
individual experiment.
lnhibition of the PHA-induced response was significantlygreater than
that of the IL 2-induced response (p < 0.03).

X

-0

0.5
IO
15
Concentration of IL-2 (U/ml)

Figure 6. Effect of HT29 supernatant on the IL 2-induced proliferation
of PHA blasts. PBL. stimulated with PHA for 6 days, were then washed
and were cultured at 2 x l o 4 cells in 0.2 ml for 2 days with increasing
or
)absence (M
of
)25%
concentrations of IL 2 in the presence (M
HT29 supernatant. Proliferation was measuredby 3H-Tdr incorporation.
The data are the mean 2 SE of the number of experiments shown in
parentheses. The percentage inhibition was similar regardless
of the
amount of IL 2 added.

TABLE I11
Stabilltu of HT29 factor
Treatment
Heating (56°C for 1 hr)
Freeze-thaw (five times)
pH 3.5
4.5
5.5
6.5
7.5
8.5
9.5
11.5
Trypsin
Chymotrypsin
Proteinase K
Thermolysin
Elastase
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DISCUSSION

This study examines the immunosuppressive effects
of
a soluble factor produced by the colon cancer cell line
HT29. This substance markedly inhibited
mitogen-induced T cell proliferation in a dose-dependent manner.
The HT29 factor blocked T cell division after activation
and required only 24 hrto exert its effect. The inhibition
was reversible and was not due to the inducement
of
suppressor cells. Trivialexplanations for this
effect were
excluded, such as a change in kineticsof T cell proliferation, a decrease in lymphocyte viability, or interference
with 3H-Tdr uptake. The HT29 factor was not carcinoembryonic antigenor a-fetoprotein and was notdetected
in medium conditioned by human colonic epithelial cells
or fibroblasts.
When T cells are activated by antigens or mitogens,
they produce IL 2 within 24 hr and
develop IL 2 receptors
on their surface. During the first 24 of
hrT cell stimulation by PHA, the HT29 factor blocked IL 2 production but
not IL 2 receptor generation. Because T cells require the
accessory function of macrophages and/or IL 1 for optimal IL 2 production and receptor generation (16, 17). it
is possible that the HT29factor is primarilydirected
against macrophages. The effect of the HT29 factor on
antigen presentationby macrophages could not be tested
100

80

1

ST I

BSA Ovalb

"?

I

I

f

A

4

0.8

Percent
activity remaining

8 (3Ib
O(3)
1 (2)b
2 (2)
2 (2)
100 f 0 (2)
105 f 3 ( 3 )
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83 f 1 6 (3)
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60 f 10 (3Ib
8f
100 k
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Aliquots of serum-free HT29 supernatant were dialyzed overnight a t
4°C. first against buffers composed of 0.3 M acetate (pH 3.5, 4.5, and
5.5). 0 . 3 M phosphate (pH 6.5 and 7.5). 0.3 M Tris (pH 8.5). or 0.3 M
glycine (pH 9.5 and 11.5) and then against phosphate-buffered saline
(PRS)(pH 7.5). In addition, serum-freeHT29 supernatant was exposed to
a t 37°C. and the reaction
100 Fg/ml trypsin or a-chymotrypsin for 30 min
stopped with 400 pg/ml STI. The other protease treatments listed were
pg of enzyme
accomplished with enzymes linked
to Affi-Gel 10 beads (100
eq/ml). including two experiments with trypsin. The number of experiments performed are in parentheses.
< 0.05) less than 100%.
These values are significantly (p
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Fraction No.
FLgure 7. Gel filtration chromatographyof HT29 supernatant. Serumfree HT29 supernatant. concentrated 100-fold with a collodion bag apa column (1.5 x 10
1 cm) of Ultrogel AcA 44.
paratus, was passed through
equilibrated with PBS. Two milliliter fractions were collected at 0.3 ml/
min a t 4°C and were tested for absorbance
at 280nm (---).
Inhibitory
activity against T cell proliferation was measuredby culturing T cells (5
x lo4 in 0.2 ml) for 5 days with PHA (1 pg/ml) in RPMI 1640 medium
The protein markers used to
containing 10 pl of each fraction (M).
calibrate the column were duck ovostatin (780.000 daltons).
IgG (150,000
daltons). bovine serum albumin(BSA)(68,000 daltons). ovalbumin (ovalb)
(43.000 daltons), soybean trypsin inhibitor (STI) (21,000 daltons), and
cytochrome c (12,000 daltons).Ninefold purification was achieved with
70% recovery.
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- 40

100

Figure 8. Preparative isoelectric focusing of HT29 supernatant. Serum-free
HT29 supernatant in 5 rnl (concentrated
2 0 times) was subjected to isoelectric focusing a s described in Materials and
Methods. The pH (O”0) andabsorbance
at 280 nm (---)
areshown.Those
fractions ranging from a pH of 3 to 10
were dialyzed against PBS overnight at
4°C. were filter sterilized, and were tested
for percentage of inhibition of T cell proliferation
fraction
using 10 pl of each
in
0 . 2 mlof RPMI 1640 medium ( 0 - 0 ) . Sixfold purification with 47% recovery was
achieved.
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by mixing experiments, because its inhibitory effect on marily block the interaction of IL 2 with its receptor. This
T cell proliferation was reversible by washing lympho- factor then affects T cells early during activation (by
cytes. However, the effects of exogenous IL 1 could be decreasing IL 2 production) and late duringcell division.
assessed. The addition of IL 1 did not reverse the sup- This second action does not mainlyinvolve IL 2 producpressive action of the HT29 factoron mitogen-induced IL tion, IL 2 receptor generation, or the interaction of IL 2
2 production or T cell proliferation, indicating that the with its receptor, but maybe related to someother strucimmunosuppressive activityof the HT29 factor is not due ture involved in theproliferative response. The observato low IL 1 production by macrophages.
tion that the HT29 factor inhibits PHA- more than IL 2When T cells are stimulated by PHA, there is a rapid induced proliferation
ofPHA blasts suggests that cell
is not mainly affected but rather some event
expansion in the percentage of cells expressing Tac, T9, cycling
and other activation antigens during the 5-day incubarequired for mitogen- but not IL 2-stimulated proliferation period. In the presence of the HT29 factor, Tac
tion of activatedTcells.
antigen expression increased during the first 24 hr, but The effects
of the HT29 factor on cytotoxic and supdeclined thereafter. The percentage ofPBL expressing pressor T cell functions were recently investigated (22).
Tac or T9 was markedly depressed if cells were cultured When T cells were cultured with IL 2 in the presence of
with PHA for 5 days in HT29 supernatant. These changes 50% HT29 supernatant, lymphokine-activated killer
(LAK) activity measured 7 days later against the HT29
may be due in part to the low IL 2 availability, because
IL 2 upregulates its own receptors (18, 19) and the
expres- colon cancer cell line was virtually abolished. Mitogension of transferrin receptors may be induced by the IL 2/ induced cellular cytotoxicity and T cell-mediated lymIL 2receptor interaction(20). However, the inhibitorypholysiswerealsoabrogated
if the HT29 factorwas
effect of the HT29 factor on T cell proliferation was not present during the generation of these cytotoxic lymphodue solely to the block in IL 2 production. First, theHT29 cytes. However, the HT29 supernatant did not affect the
supernatant could suppress mitogen-induced T cell pro- ability of such cytotoxic lymphocytes to destroy
their
Nor did it suppress natural killer activity
liferation even if added during the last 24 hr of a 5-day targets (22).
lymphocyte culture. Such a n effect observed late in the against the K562 erythroleukemia line (22). To measure
proliferative response suggests that the factor involves its effectson the generationof suppressor cells, the HT29
cell division, as well as the events occurring during acti- supernatant was added to T cells cultured with Con A.
vation, such as IL 2 production. In addition, exogenous Although
the HT29 factor markedly reduced Con A-inIL 2 did not reverse the suppressive action of the HT29 duced T cell proliferation, it did not affect the generation
factor.
of suppressor
cells
T
that
mitogen-induced
inhibit
T
cell
The IL 2 unresponsiveness induced by the HT29 factor proliferation. The HT29 supernatant alone did not induce
a decrease in IL 2receptorsuppressor
Tcells.
was notprimarilydueto
expression. This was supported by the observation that This factor, which inhibited the
development of cytoTac expression was not affected by a 24-hr exposure to toxic but not suppressor lymphocytes, may favor tumor
25% HT29 supernatant, whereasT cell proliferation and survival in the host. If the HT29 factor or similar subIL 2 production were markedly
suppressed during this stances circulate in patients with neoplasms, they
may
time period. It is possible that T cells that develop Tac on suppress the formation of LAK cells capable of lysing a
their surfacein the presenceof the HT29 factor have low variety of tumor cell types. Such a n effect may explain
affinity or poorly functional IL 2 receptors because anti- why the in
vivo administration of IL 2 alone is not as
Tac antibody can bind toboth low and high affinity IL 2 efficacious as IL 2 with preformed LAK cells in the treatreceptors (21). Although our experiments have not eval- ment of cancer (23). Suppressor cells induced by mitouated the affinity of IL 2 receptors, this possibility is gens or alloantigens can block a variety of T cell functions
unlikely because PHA blasts demonstrated only a mini- such as T cell proliferation, IL 2 production, or the develmally suppressed proliferative response toIL 2 alone but opment of cytotoxic T lymphocytes (24).If such suppresa markedly depressed response to PHA in the presence sor
cells can form even in the presence of the HT29
of the factor. Similarly, the growth of the CTLL line in factor, they
would accentuate its immunosuppressive
responseto IL 2 wasunaffected by the HT29 factor.effects.
These findings suggested that this factor does not pri- The
HT29 factor differs significantly from most other
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