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Influence of cytokines, monoclonal antibodies and chemotherapeutic drugs on

epithelial cell adhesion molecule (EpCAM) and LewisY antigen expression
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SUMMARY

MoAbs against tumour-associated antigens (TAA) may be useful for the treatment of colorectal cancer.

Since an increased expression of TAA may lead to enhanced antibody-dependent cellular cytotoxicity

we examined whether the cytokines IL-2, IL-4, IL-6, IL-10, IL-12, interferon-alpha (IFN-a ), IFN-g ,

granulocyte-macrophage colony-stimulating factor, macrophage colony-stimulating factor and tumour

necrosis factor-alpha can influence EpCAM and LewisY expression on the surface of the colorectal

carcinoma cell lines HT29, LoVo and SW480. We found that only IFN-a increased significantly whereas

IL-4 decreased both EpCAM and LewisY expression. IFN-g significantly increased LewisY expression

only. When tumour cells were treated with MoAb, the LewisY-specific MoAb BR55-2 down-regulated

LewisY antigen expression, whereas MoAb 17-1A, which binds to EpCAM, up-regulated this TAA after

3 days of culture. The cytokines IFN-a or IFN-g combined with MoAb 17-1A enhanced further slightly

the expression of EpCAM. In additional experiments with chemotherapeutic drugs commonly used for

the treatment of colorectal cancer, we found that 5-fluorouracil, mitomycin-C and oxaliplatin up-

regulated EpCAM and LewisY antigen expression. Raltitrexed enhanced LewisY and down-regulated

EpCAM expression, whereas CPT-11 had no influence at all. The highest expression for EpCAM on

HT29 cells was achieved by the combination of IFN-a , 5-fluorouracil and MoAb 17-1A. Our results

may be useful for defining combinations of biological and chemotherapeutic drugs for the treatment of

colorectal cancer. Further trials should evaluate to what extent these combinations enhance antibody-

dependent cellular cytotoxicity.
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INTRODUCTION

MoAbs which recognize tumour-associated antigens (TAA) are

increasingly used for the treatment of cancer. Cytokines such as

interferon-alpha (IFN-a ) [1, 2], IFN-g [2, 3], IL-2 [4, 5], IL-12

[6] and granulocyte-macrophage colony-stimulating factor (GM-

CSF) [7, 8] can augment the antibody-dependent cellular

cytotoxicity (ADCC) of MoAb. We recently developed a new

flow cytometric cytotoxicity test, which can assess the long-term

ADCC exerted by macrophages [9]. We could demonstrate with

this assay that the cytokines IFN-a , IFN-g , IL-2 and IL-12

significantly augment whereas the cytokines IL-6, macrophage

colony-stimulating factor (M-CSF), GM-CSF and tumour necrosis

factor-alpha (TNF-a ) have no influence, and cytokine IL-4 even

suppresses ADCC of MoAbs 17-1A and BR55-2 [10±12].

In this study, we examined whether these cytokines can

influence the expression of the TAA EpCAM and LewisY blood

group antigen [13], which are both expressed on the surface of

epithelial cells of most gastrointestinal tissues, in particular on

neoplastic colonic cells [14]. EpCAM was detected by the murine

MoAb 17-1A [15], which was recently used with success for the

adjuvant treatment of colorectal carcinoma [16]. For labelling of

the LewisY antigen the murine MoAb BR55-2 was used [17].

Furthermore, we investigated the influence of five chemo-

therapeutic drugs, which are commonly used for the treatment of

colorectal carcinoma, on EpCAM and LewisY antigen expression.

MATERIALS AND METHODS

Medium and cells

RPMI 1640 supplemented with 10% heat-inactivated fetal calf

serum (FCS), 200 mg/ml streptomycin, 200 U/ml penicillin and

300 mg/ml l-glutamine was used throughout. The colon carcinoma

cell lines HT29, LoVo and SW480 (ATCC, Rockville, MD) were

kept in exponential growth conditions in 12´5 ml medium in
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plastic 75-cm2 culture flasks (Greiner, Solingen, Germany). Cells

were treated with 3 mg/ml mitomycin C for 2 h in order to

suppress proliferation of tumour cells in the wells, washed three

times and detached using a rubber policeman.

Then, 100 000 tumour cells were added in 96-well microtitre

plates and incubated with 30 ng/ml final concentration IL-2, IL-4,

IL-6, IL-10, IL-12, IFN-a , IFN-g , GM-CSF, M-CSF and TNF-a ,

which was found in titration experiments to be effective in

influencing tumour antigen-associated expression, or ADCC and

MoAbs BR55-2 and 17-1A (50 mg/ml final concentration) in a

volume of 200 m l per well of a microtitre plate for 3 days, which

was found to be the optimal time point for tumour antigen-

associated antigen expression. Each experiment was performed in

triplicate. Thereafter, cells were detached by treatment with 50 m l

warm EDTA 0´02%/trypsin 0´05% in PBS per well for 20 min and

agitated on a plate shaker for 1 min. After washing twice indirect

immunofluorescence was performed. In experiments with chemo-

therapeutic drugs, tumour cells were first treated for 2 h with

3 mg/ml final concentration of 5-fluorouracil (5-FU; Ribosepharm,

Munich, Germany), mitomycin-C (Medac, Hamburg, Germany),

oxaliplatin (Sanofi Winthrop, Munich, Germany), CPT-11

(RhoÃne-Poulenc Rorer, Antony Cedex, France) and raltitrexed

(Zeneca, London, UK). Titration experiments were performed

with all chemotherapeutic drugs at a concentration range of

0´78 mg/ml and 100 mg/ml. The concentration of 3 mg/ml for

chemotherapeutic drugs was found optimal in means of TAA

expression and remaining viable tumour cells in previous

experiments. After treatment, tumour cells were washed twice

and processed as mentioned below.

Cytokines and monoclonal antibodies

IFN-g (10 � 106 U/mg), IL-2 (5 � 106 U/mg), IL-6 (1 � 107 U/

mg), IL-10 (100 ng/ml), M-CSF (55 � 106 U/mg) and GM-CSF

(10 � 106 U/mg) were all purchased from IC Chemikalien

(Ismaning, Germany). IFN-a (200 � 106 U/mg) and IL-4

(1 � 108 U/mg) were obtained from Pharma Biotechnologie

(Hannover, Germany). TNF-a (50 � 106 U/mg) was kindly

provided by Fa. Bender (Vienna, Austria). IL-12 (2´4 � 108 U/mg)

was kindly provided by Hoffmann La-Roche (Grenzach-Wyhlen,

Germany). All cytokines were used at 30 ng/ml final concentration,

which was found earlier to mediate reproducibly enhancement of

ADCC, whereas concentrations of 0´3 ng/ml were ineffective in this

respect [10, 11, 18]. The murine MoAb 17-1A of the IgG2a isotype

was obtained from Glaxo Wellcome (Hamburg, Germany) and

murine BR55-2 of the IgG3 isotype was kindly provided by

H. Loibner (Novartis, Basel, Switzerland).

Indirect immunofluorescence

Indirect immunofluorescence was performed as described pre-

viously [19]. Briefly, tumour cells were incubated with primary

MoAb for 30 min at room temperature and under continuous

movement. The cells were then washed three times with PBS

and 2´5% FCS, and incubated with an appropriate dilution of

secondary, FITC-conjugated goat anti-mouse antibody in the dark

for another 30 min. After washing the pellets were resuspended in

PBS with 2´5% FCS, 1% propidium iodide (PI), and FITC mean

fluorescence intensity (MFI) of living (PI2) cells was determined

on a FACScan flow cytometer (Becton Dickinson, San Jose, CA).

Statistical analysis

Significant differences between triplicates were calculated using

Student's t-test; P , 0´05 was regarded as significant.

RESULTS

First, we investigated the effect of the cytokines IL-2, IL-4, IL-6,

IL-10, IL-12, IFN-a , IFN-g , GM-CSF, M-CSF and TNF-a on

EpCAM and LewisY antigen expression on three colorectal

tumour cell lines. The cytokine IFN-a enhanced significantly the

expression of EpCAM on HT29 tumour cells after 3 days of

culture (P , 0´05), TNF-a and IL-2 did not essentially influence

and the cytokine IL-4 suppressed it (Table 1). In contrast, IFN-a ,

IFN-g and TNF-a enhanced, the cytokine IL-4 suppressed,

whereas IL-2 did not influence the expression of LewisY on LoVo

tumour cells. The cytokines IL-6, IL-10, IL-12, GM-CSF and

M-CSF essentially did not influence expression of EpCAM and

LewisY on any of the three tumour cell lines tested (data not

shown).

Next, we examined the influence of MoAb 17-1A and BR55-2

on TAA expression. EpCAM expression was increased slightly

during the 3-day culture (data not shown). Treatment of tumour

cells with MoAb 17-1A at the beginning of the culture resulted in

up-regulation of EpCAM (Table 2, MoAb on day 0), indicating

expression of new EpCAM protein on the cell surface. Moreover,

indirect immunofluorescence performed after addition of antibody

at the end of the culture on day 3 resulted in even higher staining

for EpCAM, indicating consumption of antibody added on day 0

Table 1. Influence of selected cytokines on the expression of EpCAM and

LewisY on colorectal tumour cell lines

HT29, % LoVo, % SW480, %

EpCAM

Control 100 100 100

IFN-a 120 ^ 12* 121 ^ 15 119 ^ 12

IFN-g 115 ^ 19 109 ^ 15 109 ^ 11

IL-2 103 ^ 13 108 ^ 16 118 ^ 6

IL-4 52 ^ 18 65 ^ 14 104 ^ 16

TNF-a 109 ^ 10 95 ^ 12 95 ^ 13

LewisY

Control 100 100 100

IFN-a 131 ^ 15 132 ^ 7 131 ^ 5

IFN-g 162 ^ 17 160 ^ 11 173 ^ 17

IL-2 96 ^ 16 97 ^ 11 109 ^ 16

IL-4 60 ^ 14 76 ^ 15 110 ^ 12

TNF-a 121 ^ 9 109 ^ 16 137 ^ 12

*Relative percentage of mean fluorescence intensity (MFI) compared

with control (without cytokine) demonstrating tumour-associated antigen

(TAA) expression on three colorectal tumour cell lines (HT29, LoVo, and

SW480) after 3 days of incubation with the indicated cytokines (mean and

percent s.d. obtained from seven experiments). Indirect immunofluores-

cence for the TAA EpCAM and LewisY antigen was performed using the

primary antibodies 17-1A for EpCAM and BR55-2 for LewisY expression

and goat anti-mouse±FITC as secondary antibody. MFI was assessed by

flow cytometry.The depicted relative percentage of MFI to control was

calculated from the ratio MFI (probe)/MFI (control) � 100.Bold type

indicates significant differences of cytokine treatment compared with

control.
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(Table 2, MoAb on day 0 1 3). The addition of IFN-a or IFN-g
to MoAb 17-1A resulted in a slight increase in EpCAM compared

with MoAb alone, which in all instances was not significant when

compared with cultures without cytokines. In contrast, MoAb

BR55-2 decreased the expression of LewisY (Table 2, MoAb on

day 0), indicating that the LewisY antigen was modulated after

MoAb binding. However, addition of antibody at the end of the

culture on day 3 for indirect immunofluorescence resulted in equal

staining for LewisY, indicating that expression of this TAA

remained stable on cell surface, probably by production of new

tetrasaccharide (Table 2, MoAb on day 0 1 3). Furthermore, only

IFN-g induced a pronounced significant up-regulation of LewisY

on HT29 tumour cells, which was not enhanced by addition of

MoAb BR55-2, whereas the combined addition of IFN-a and

MoAb BR55-2 resulted in no significant changes compared with

addition of antibody alone.

In further experiments, we evaluated whether five different

chemotherapeutic drugs, i.e. 5-FU, mitomycin-C, oxaliplatin,

CPT-11 and raltitrexed can influence TAA expression. Tumour

cells were treated for 2 h with 3 mg/ml final concentration of

these chemotherapeutic drugs and after 3 days the expression of

TAA was assessed by flow cytometry. The expression of EpCAM

was significantly (P , 0´05) increased by 5-FU in both tumour

cell lines tested, whereas mitomycin C and oxaliplatin augmented

its expression only on HT29 tumour cells (Table 3). In contrast,

raltitrexed decreased the expression of EpCAM on both cell lines

tested. Interestingly, 5-FU, mitomycin C and oxaliplatin induced a

marked increase of LewisY on both HT29 and LoVo tumour cells.

In contrast to EpCAM, raltitrexed induced a marked increase of

LewisY expression on both tumour cell lines tested.

Finally, we examined the influence of the combination IFN-a
and 5-FU on EpCAM expression. As presented in Fig. 1, both

substances combined did not induce a higher expression of

EpCAM on HT29 tumour cells (compare bars `MoAb on day 3' in

Fig. 1). However, the highest EpCAM expression was observed

when MoAb 17-1A was combined with IFN-a and 5-FU

(P , 0´05).

DISCUSSION

In this study, we systematically investigated the influence of the

cytokines IL-2, IL-4, IL-6, IL-10, IL-12, IFN-a , IFN-g , GM-CSF,

M-CSF and TNF-a on EpCAM and LewisY expression in three

colorectal carcinoma cell lines. We could demonstrate that only

IFN-a reproducibly enhanced the expression of both TAA on all

cell lines tested. This is in agreement with earlier results

concerning the expression of two other TAA, namely carcino-

embyonic antigen (CEA) and sialyl-Tn in vitro [20, 21] in an animal

Table 2. Modulation/induction of EpCAM and LewisY expression by

MoAbs, IFN-a or IFN-g

MoAb added

Cytokine

added HT29, % LoVo, % SW480, %

EpCAM expression

MoAb1 on day 3 é 100 100 100

MoAb1 on day 0 é 134 ^ 14² 153 ^ 10 103 ^ 2

MoAb1 on day 0 1 3 é 169 ^ 11 190 ^ 15 129 ^ 18

MoAb1 on day 3 1 IFN-a 121 ^ 7* 116 ^ 12 105 ^ 21

MoAb1 on day 0 1 IFN-a 144 ^ 17 162 ^ 15 103 ^ 2

MoAb1 on day 0 1 3 1 IFN-a 182 ^ 13 207 ^ 34 131 ^ 27

MoAb1 on day 3 1 IFN-g 111 ^ 38 122 ^ 15 99 ^ 33

MoAb1 on day 0 1 IFN-g 144 ^ 22 162 ^ 11 108 ^ 3

MoAb1 on day 0 1 3 1 IFN-g 175 ^ 34 228 ^ 2 153 ^ 29

LewisY expression

MoAb2 on day 3 é 100 100 ND

MoAb2 on day 0 é 30 ^ 18 47 ^ 18 ND

MoAb2 on day 0 1 3 é 98 ^ 6 89 ^ 17 ND

MoAb2 on day 3 1 IFN-a 124 ^ 1* 149 ^ 5* ND

MoAb2 on day 0 1 IFN-a 29 ^ 12 78 ^ 16 ND

MoAb2 on day 0 1 3 1 IFN-a 115 ^ 17 96 ^ 18 ND

MoAb2 on day 3 1 IFN-g 248 ^ 6* 152 ^ 9* ND

MoAb2 on day 0 1 IFN-g 61 ^ 4* 89 ^ 16 ND

MoAb2 on day 0 1 3 1 IFN-g 265 ^ 26* 109 ^ 20 ND

²Relative percentage of mean fluorescence intensity (MFI) compared

with control (MoAb on day 3 without cytokine) demonstrating tumour-

associated antigen (TAA) expression on three colorectal tumour cell lines

(HT29, LoVo and SW480) after 3 days of incubation (mean and percent

s.d. obtained from four experiments). Murine MoAbs 17-1A (MoAb1) and

BR55-2 (MoAb2) and the cytokines IFN-a and IFN-g were added to

tumour cells as indicated and the cells were incubated for 3 days. Then,

indirect immunofluorescence was performed using the primary antibody

MoAbs 17-1A for EpCAM and BR55-2 for LewisY expression and goat

anti-mouse±FITC as secondary antibody. `MoAb on day 3' indicates that

primary MoAb was added only on day 3 for assessment of TAA

expression, `MoAb on day 0' indicates addition of primary MoAb on day 0

for modulation of the respective antigen and secondary MoAb on day 3 for

immunofluorescence, and `MoAb on day 0 1 3' represents modulation of

TAA by primary MoAb and assessment of newly synthesized TAA by

immunofluorescence on day 3.

MFI was assessed by flow cytometry and the depicted relative

percentage of MFI to control was calculated from the ratio MFI (probe)/

MFI (control) � 100.

Bold type indicates significant differences of MoAb treatment on day 0

compared with control (MoAb on day 3).

*Significant differences of cytokine treatment compared with control.

ND, Not done.

Table 3. Influence of selected chemotherapeutic drugs on the expression

of EpCAM and LewisY on colorectal tumour cell lines

HT29 LoVo HT29 LoVo

EpCAM, % LewisY, %

Control 100 100 100 100

5-fluorouracil 127 ^ 16* 137 ^ 15 209 ^ 42 138 ^ 21

Mitomycin-C 135 ^ 19 104 ^ 13 210 ^ 20 199 ^ 43

Oxaliplatin 129 ^ 11 114 ^ 39 230 ^ 6 176 ^ 18

CPT-11 98 ^ 15 104 ^ 17 98 ^ 7 106 ^ 17

Raltitrexed 51 ^ 17 40 ^ 16 216 ^ 20 155 ^ 27

*Relative percentage of mean fluorescence intensity (MFI) compared

with control (without chemotherapeutic drug) demonstrating tumour-

associated antigen (TAA) expression of EpCAM and LewisY antigen on

the colorectal tumour cell lines HT29 and LoVo after 3 days of incubation

with the indicated chemotherapeutic drugs (mean and percent s.d. obtained

from five experiments). Indirect immunofluorescence was performed as

described in Table 1.

Bold type indicates significant differences of chemotherapeutic drug

treatment compared with control.
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model [22] and after in vivo treatment with IFN-a on primary

tumours [23]. In contrast, IFN-g significantly increased only the

expression of LewisY antigen in all three cell lines tested, which is

in agreement with experiments with prostate and pancreatic

cancer cell lines [24]. EpCAM was not influenced by IFN-g ,

which is compatible with experiments with human ovarian cancer

cells [25] and also prostate and pancreatic cancer cell lines [24]. A

heterogeneous pattern was observed with TNF-a , which increased

LewisY antigen expression only in two out of three cell lines

tested. IL-2 increased EpCAM expression on SW480 tumour

cells. Since solid tumours may also express functional IL-2

receptors [26±28] we speculate that this might apply to SW480

tumour cells.

The other tested cytokines including the colony stimulating

factors GM-CSF and M-CSF did not significantly influence TAA

expression. However, it has been reported that IL-6 can augment

expression of CEA on colorectal tumour cells [29, 30]. Since this

enhancement was abrogated by specific neutralizing antibodies for

type I interferons, indirect evidence was obtained that IFN-b may

be responsible for the observed effects [31]. In our study we could

not detect a essential impact of IL-6 with either TAA tested.

An interesting finding arising from our study is that IL-4

reproducibly leads to a marked down-regulation of EpCAM and

LewisY expression in two out of three tested colorectal carcinoma

cell lines. It is already known that functional IL-4 receptors are

expressed on colorectal tumour cells [32], which can mediate

growth inhibition and enhancement of differentiation [33, 34].

Therefore, we suppose that SW480 tumour cells, which were

refractory to the effects of IL-4, do not express functional IL-4

receptors on their surface. Since we have already demonstrated

that IL-4 suppresses ADCC and cytokine-induced ADCC by

IFN-a , IL-2 or IL-12 [11, 12], we conclude that a combination of

IL-4 with MoAbs specific for TAA for treatment of colorectal

cancer is not reasonable.

Whether combinations of cytokines can enhance TAA expres-

sion was not tested in this study. However, recent data demon-

strate that combination of interferons with IL-6 further increases

CEA expression on tumour cells [35]. We were also able recently

to demonstrate that combinations of cytokines effectively can

enhance ADCC mediated by MoAbs specific for the TAA

EpCAM and LewisY [11, 12]. Therefore, this issue should be

pursued in subsequent studies.

MoAbs after binding on the cell surface are internalized,

gradually degraded and released from the cell over a 2±3-day

period, while only a small fraction appears to dissociate intact

[36, 37]. Both, LewisY-specific MoAbs like BR96 [38] and the

EpCAM-specific MoAb 17-1A can be internalized. For radio-

labelled MoAb 17-1A the degree of internalization was quan-

titatively measured and found to increase over time to 49% after

a 48-h incubation period [39]. In our experiments, we could

demonstrate that the LewisY-specific MoAb BR55-2 gradually

disappeared from the cell surface, indicating antigen modulation.

IFN-a and IFN-g could not prevent this modulation in either

tested cell line. However, IFN-g together with MoAb BR55-2

probably induced the expression of new LewisY on HT29 tumour

cells only, since significant LewisY expression was observed with

this combination (Table 2). MoAb 17-1A induced EpCAM on

HT29 and LoVo tumour cells and this was moderately enhanced

by the addition of IFN-a or IFN-g . Since the addition of MoAb

17-1A on day 0 of incubation resulted in a marked increase of
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Fig. 1. Influence of 5-fluorouracil (5-FU) and IFN-a on EpCAM expression. HT29 tumour cells (100 000) were incubated with 3 mg/ml

5-FU and/or 30 ng/ml IFN-a for 3 days. MoAb 17-1A was added as indicated and explained in Table 2. The mean fluorescence intensity

(MFI) of EpCAM was measured by indirect immunofluorescence on day 3 as described in Table 2 and in Materials and Methods.

*Significant difference (one representative of three experiments performed).
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EpCAM, one can speculate that new protein appears on the

tumour cell surface. To our knowledge an induction of TAA by a

specific MoAb has not been described yet, demanding investiga-

tions of the mRNA level and analysis of this issue with other

tumour-specific antibodies as well.

Investigations concerning the effect of chemotherapeutic drugs

are scarce. 5-FU alone [40, 41] in combination with IFN-g [42] or

IFN-a [43] are found to increase the expression of CEA on the

surface of colorectal tumour cell lines. Combined treatment with

interferons induced a strong inhibition of proliferation of tumour

cells in vitro [43, 44] but inconsistent results were provided

from human clinical trials in colorectal cancer [45±47]. We first

investigated the influence on EpCAM and LewisY expression of

five chemotherapeutic drugs, which are commonly used for the

treatment of colorectal cancer. We incubated tumour cells for 2 h

with chemotherapeutic drugs, which may reflect more appro-

priately the physiological situation since chemotherapeutic drugs

reach peak concentrations after infusion and concentrations

decline thereafter. The concentration used of 3 mg/ml is clinically

relevant, as already shown in pharmacokinetic analyses [48±50].

Similar concentrations for chemotherapeutic drugs and treatment

schedules were used in vitro by other authors, e.g. for 5-FU [51],

mitomycin C [52] or oxaliplatin [53]. Interestingly, we found that

5-FU, mitomycin-C and oxaliplatin at the concentrations tested

up-regulated distinctly EpCAM and LewisY antigen expression.

Particularly, mitomycin-C and oxaliplatin induced a pronounced

expression of LewisY. In contrast, raltitrexed enhanced LewisY

and down-regulated EpCAM expression.

Since the combination IFN-a and MoAb 17-1A induced the

highest expression of EpCAM, we next investigated whether 5-FU

might further enhance EpCAM expression. Indeed, the triple

combination of IFN-a , MoAb 17-1A and 5-FU induced the

highest expression of EpCAM on HT29 cells. In ongoing investi-

gations with our flow cytometric cytotoxicity assay [9], we now

examine whether chemotherapeutic drugs can enhance the ADCC

mediated by MoAb 17-1A. Since the cytokine concentrations used

in this study cannot be achieved by systemic treatment one should

consider using in vivo combinations of low concentrations of

cytokines as already suggested by us [11, 18] or employ cytokines

locoregionally [54].

The results of our study may have relevance in view of the

current plethora of biological response modifiers and chemothera-

peutic drugs as a preclinical model, which may aid in finding

optimal combinations of cytokines, MoAbs and chemotherapeutic

drugs for treatment of cancer.
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