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EFFECTS OF TGF-b1, FLUOROURACIL AND CYTOTOXIC LECTINS
ON HT-29 AND SW-480 HUMAN COLON CANCER CELLS
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ÂËÈßÍÈÅ ÒÔÐ-b1, ÔËÓÎÐÎÓÐÀÖÈËÀ È ÖÈÒÎÒÎÊÑÈ×ÅÑÊÈÕ
ËÅÊÒÈÍÎÂ ÍÀ ÊËÅÒÊÈ ÎÏÓÕÎËÈ ÏÐßÌÎÉ ÊÈØÊÈ ×ÅËÎÂÅÊÀ
ËÈÍÈÉ ÍÒ-29 È SW-480
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Èíñòèòóò áèîëîãèè êëåòêè Íàöèîíàëüíîé Àêàäåìèè íàóê Óêðàèíû, Ëüâîâ, 79005, Óêðàèíà
Human colon cancer cells of HT-29 line and of SW-480 line (defective in Smad 4 protein function necessary for
transforming growth factor b1 (TGF-b1) signalling) were subjected to the action of TGF-b1, anti-cancer drug
fluorouracil and some cytotoxic plant lectins. It was found that SW-480 cells were more sensitive than HT-29 cells
to growth-inhibiting and cell-killing effects of the cytotoxic mistletoe agglutinins 1 and 2, while the difference in the
cytotoxic action of wheat germ agglutinin was not so distinct. TGF-b1 (10 ng/ml) did not affect significantly
3
H-thymidine incorporation into DNA of both studied cell lines. These cell lines were similarly inhibited by fluorouracil. The cytotoxic actions of the lectins and fluorouracil were accompanied by strong DNA fragmentation in
both cancer cell lines. Potential mechanisms responsible for the appearance of different sensitivity to the cytotoxic
lectins in the studied cell lines are discussed.
Key Words: human colon cancer cells, HT-29 and SW-480 lines, TGF-b1, plant cytotoxic lectins, fluorouracil, cell
growth, apoptosis.
Èññëåäîâàíû êëåòêè îïóõîëè ïðÿìîé êèøêè ÷åëîâåêà ëèíèè ÍÒ-29 è ëèíèè SW-480, äåôèöèòíîé ïî ôóíêöèè
áåëêà Smad 4, íåîáõîäèìîãî äëÿ îñóùåñòâëåíèÿ ñèãíàëüíîé ðîëè òðàíñôîðìèðóþùèì ôàêòîðîì ðîñòà b1
(ÒÔÐ-b1). Êëåòêè ïîäâåðãàëè äåéñòâèþ ÒÔÐ-b1, ïðîòèâîîïóõîëåâîãî ïðåïàðàòà ôëóîðîóðàöèëà è íåêîòîðûõ
öèòîòîêñè÷åñêèõ ðàñòèòåëüíûõ ëåêòèíîâ. Óñòàíîâëåíî, ÷òî êëåòêè ëèíèè SW-480 çíà÷èòåëüíî áîëåå
÷óâñòâèòåëüíû, ÷åì êëåòêè ëèíèè HT-29, ê ðîñò-èíãèáèðóþùåìó è öèòîòîêñè÷åñêîìó äåéñòâèþ àããëþòèíèíîâ
1 è 2 èç îìåëû, òîãäà êàê ðàçíèöà â öèòîòîêñè÷åñêîì äåéñòâèè íà ýòè êëåòêè àããëþòèíèíà èç ïðîðîñòêîâ
ïøåíèöû ìåíåå âûðàæåíà. ÒÔÐ-b1 (10 íã/ìë) ñóùåñòâåííî íå âëèÿåò íà âêëþ÷åíèå 3H-òèìèäèíà â ÄÍÊ ýòèõ
êëåòî÷íûõ ëèíèé. Ôëóîðîóðàöèë îêàçûâàåò ïîäîáíûé ïî ñèëå ðîñò-èíãèáèðóþùèé ýôôåêò íà êëåòêè îáåèõ
ëèíèé. Äåéñòâèå ëåêòèíîâ è ôëóîðîóðàöèëà ñîïðîâîæäàëîñü ñóùåñòâåííîé ôðàãìåíòàöèåé ÄÍÊ â èññëåäóåìûõ
êëåòêàõ. Ðàññìîòðåíû ìåõàíèçìû, êîòîðûå ìîãóò áûòü îòâåòñòâåííû çà ðàçëè÷èÿ â ÷óâñòâèòåëüíîñòè èññëåäóåìûõ
ëèíèé îïóõîëåâûõ êëåòîê ê äåéñòâèþ öèòîòîêñè÷åñêèõ ëåêòèíîâ.
Êëþ÷åâûå ñëîâà: ðàê ïðÿìîé êèøêè ÷åëîâåêà, ëèíèè HT-29 è SW-480, ÒÔÐ-b1, öèòîòîêñè÷åñêèå ëåêòèíû,
ôëóîðîóðàöèë, ðîñò êëåòîê, àïîïòîç.

Transforming growth factor-b (TGF-b) belongs to a
big cytokine family whose members are involved in the
regulation of cell proliferation, differentiation, motility and
apoptosis [1, 2]. Although TGF-b is one of the most
potent inhibitors of normal cell growth, many malignancies of epithelial and hematopoietic origin are resistant
to TGF-b action, suggesting that the development of
resistance to TGF-b plays an important role in tumorigenesis [3, 4]. Loss of cell sensitivity to TGF-b action
was found to be associated with mutations in its specific
receptors or deregulation of its intracellular signalling
pathway involving Smad proteins [5, 6].
Inactivating mutations in Smad 4 (DPC4) are the
most important of the known post-receptor defects in
TGF-b pathway in colon cancer cells. Following the
initial identification of Smad 4 mutations in half of all
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pancreatic carcinomas [7], Smad 4 mutations were also
reported in colon cancer [8] and other gastrointestinal
cancers [9].
Recently it was shown that the escape from TGF-btriggered inhibition of proliferation and induction of apoptosis in murine L1210 leukemia cells correlated with
cell resistance to anti-cancer drug cisplatin [10]. Various anti-cancer drugs and cytotoxic plant lectins were
shown to induce an increase in TGF-b1 production in
murine leukemia L1210 cells and in human lung adenocarcinoma A-549 cells [11]. Those data suggest
TGF-b1 involvement in mediating apoptosis induced
by some cell stressing agents.
Taking into account the results mentioned above
we studied human colon cancer cells of HT-29 line and
of SW-480 line which is defective in Smad 4 protein
functioning. The main goal of our study was to check if
the loss of a central component in TGF-b signalling
pathway could affect the sensitivity of these cancer cells
to the action of TGF-b1, anti-cancer drug fluorouracil
and some cytotoxic plant lectins.
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MATERIALS AND METHODS
Plant lectins used in this study were: mistletoe (Viscum album L.) agglutinin 1 and 2 (VAA-1 and VAA-2),
and wheat (Triticum vulgaris L.) germ agglutinin (WGA).
The lectins were isolated and purified in our laboratory
by Dr. M. Lutsik using earlier developed methods [12].
TGF-b1 was purchased from R & D Systems Inc.
(Minneapolis, USA) and fluorouracil was bought in the
local pharmacy.
Human colon cancer cells of HT-29 and SW-480
lines were obtained from cell culture collection at Ludwig Institute for Cancer Research (Uppsala, Sweden).
The cells were cultured in DME medium (Sigma, USA),
supplemented with 10% heat-inactivated fetal calf serum (FCS, Sangva, Lviv, Ukraine) and 50 mg/ml gentamycin (Sigma, USA).
Sub-confluent cells were incubated for 2448 h in
the presence of TGF-b1, fluorouracil or cytotoxic lectins. After the completion of the incubation period the
number of alive and dead cells was counted in hemocytometric camera after trypan blue staining of dead cells.
3
H-thymidine incorporation into cellular DNA was
studied after cell seeding in 24-well plates. The studied
agents were added to subconfluent cells which were
cultured in their presence for 24 h. During the last 5 h of
incubation 2 mCi of 3H-thymidine (50 Ci/mmol) in 20 ml
FCS-free culture medium was added to each well. The
cell monolayer was washed 2 times with ice-cold phosphate buffered saline, 2 times with 5% TCA and the
amount of radioactivity was quantified in TCA-insoluble
materials with b-scintillation counter (LKB, Sweden).
DNA fragmentation was studied after DNA preparation and electrophoresis performed as described [13].
Briefly, 2 · 106 cultured cells were pelleted and then resuspended in 50 ml lysis buffer containing 50 mM TrisHCl (pH 7.5), 20 mM EDTA, 1% NP-40. SDS (final concentration 1%, Serva, Germany) and RNase A (final concentration 1 mg/ml, Sigma, USA) were added to each
sample, which was then incubated for 1 h at 37 oC. After
that proteinase K (final concentration 1 mg/ml, Sigma,
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USA) was added and samples were incubated for 1 h at
37 oC. DNA was pelleted by adding 10 M ammonium
acetate ((1/2 of sample volume) and 2 volumes of icecold isopropanol at 20 oC overnight. Samples were
centrifuged for 30 min at 10,000 g, pellets were air-dried,
dissolved in TE-buffer (10 ml/106 cells) and loaded into
the wells of 1% agarose gel. Electrophoresis was carried out in TAE-buffer (pH 8.0) in the presence of ethydium bromide and the gel was examined in transilluminator (LKB, Sweden) under UV light and photographed.
For statistical analysis each experiment was performed
in triplicate and repeated three times. Significance of the
difference in a typical experiment was assessed by Students t-test with the level of significance set at 0.05.

RESULTS
It was shown in many studies that TGF-b1 inhibits
growth of the mammalian epithelial tissue cells [3].
However, we did not reveal the effect of this cytokine
(10 ng/ml) on 3H-thymidine incorporation neither in HT29
line possessing intact TGF-b1 signalling pathway, nor
in SW-480 line possessing an impaired TGF-b1 signalling due to a defective Smad 4 functioning (Fig. 1).
The mistletoe lectin VAA-1 decreased 3H-thymidine
incorporation in both studied cell lines, although such
action was more pronounced in the cells of SW-480
line than in the cells of HT-29 line (Fig. 2). That is why
different VAA-1 concentrations were used in the experiments: 20 ng/ml for SW-480 line and 200 ng/ml for
HT-29 line. TGF-b1 (10 ng/ml) did not affect the inhibiting action of the mistletoe lectin.
The above noted difference between colon cancer
cells of HT-29 and SW-480 line in their growth response to the mistletoe agglutinin was further confirmed
when its dose dependent action on total cell number
and dead cell number was studied. Both isoforms of
the mistletoe agglutinin  VAA-1 and VAA-2  markedly inhibited growth of SW-480 cells, while their action on HT-29 cells was less pronounced (see Fig. 2).
That difference corresponded to the effect of those lectins on the amount of dead colon cancer cells, which
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 DNA of growing human colon cancer cells of SW-480 (a) and
Fig.
1. Effect of TGFb1 and VAA-1 on 3H-thymidine incorporation into

HT-29 (b) lines.
* P < 0.05; ** P < 0.01
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was much higher in the case of SW-480 cells in comparison with HT-29 cells. It should be noted that such
difference in colon carcinoma cells sensitivity to the inhibiting action of the lectin was specific for the mistletoe lectin as it was detected that WGA inhibited growth
of HT-29 cells to a higher extent than it inhibited growth
of SW-480 cells (see Fig. 2). Dose dependence patterns of WGA cytotoxic effects were similar for both
colon cancer cell lines.
Dose dependence of the anti-cancer drug fluorouracil effect on the total cell number and the number of
dead cells in HT-29 and SW-480 colon cancer cell
lines did not differ significantly (Fig. 3).
In order to know the mechanisms of the killing effect of various stressing agents acting on human colon
cancer cells of HT-29 and SW-480 lines, DNA fragmentation was studied in those cells. It was found that
mistletoe agglutinin isoforms VAA-1 and VAA-2, as well
as the WGA, induced apoptosis in both lines of the co

a

lon cancer cells (Fig. 4). The anti-cancer drug fluorouracil acted in a similar way. It should be noted that the
epithelial tissue cells, usually, do not show a distinct
DNA «ladder» which can be observed when the
mesenchymal tissue cells were studied for the appearance of apoptotic DNA fragmentation [14]. The reason
for that could be either the expression of various types
of DNA fragmentation, or the simultaneous expression
of apoptosis and necrosis in the epithelial tissue cells
under the effect of stressing agent action.

DISCUSSION
Human colon cancer cells of SW-480 line have been
extensively used as an experimental model for in vitro
studies of the role of TGF-b1 regulatory system in tumorigenesis. These cells contain some genetic alterations characteristic for colon cancer, namely the activating mutations in Ki-ras oncogene, both a complete
deletion and a stop codon mutation in the APC gene
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Fig. 2. Dose dependence of the effect of cytotoxic plant lectins on growing human colon cancer cells of SW-480 (a) and HT-29 (b) lines
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Fig. 3. Dose dependence of the effect of fluorouracil on growing human colon cancer cells of SW-480 (a) and HT-29 (b) lines

region, and inactivating mutations in both p53 alleles
[15]. Additionally, these cells have lost one copy of chromosome 18 where the Smad 4 locus is found (18q21).
One wild type copy of Smad 4 is retained, however it is
expressed in a very low level [16].
HT-29 is another human colon cancer cell line widely used in the experimental oncology. This cell line retains many biochemical and physiological features (intact Smad 4 alleles) characteristic for normal colorectal
epithelial cells [17]. Usually, HT-29 cells are used as a
control for comparison with Smad 4 defective colon carcinoma SW-480 cells.
Smad 4 plays a central role in TGF-b1 signalling
by serving as a common partner for the other Smad
proteins [5, 6]. It was shown that TGF-b1 binding brings
together two types of transmembrane serine kinases
which are type I and type II TGF-b receptors. In this
complex, the type II receptor phosphorylates and activates the type I receptor, which, in turn, phosphorylates Smad 2 or the highly related protein Smad 3. Upon
phosphorylation, these Smad proteins associate with
Smad 4 and move to cell nucleus where they assemble transcription complexes that activate specific sets
of genes. Thus, Smad 4 is a shared key component in
TGF-b1 signalling pathway.
We did not reveal TGF-b1s effect on 3H-thymidine incorporation into DNA of the studied colon cancer cells. Such result could be understood in the case
of SW-480 cells lacking Smad 4 protein function which
is necessary for TGF-b1 signalling. The lack of TGFb1 effect in the case of HT-29 cells could be explained
by the presence of 10 % FCS which may mask TGFb1s growth inhibiting action. However, other reasons,
such as the use of HT-29 colon cancer cells from a
different source cannot be excluded.
5-Fluorouracil is an anti-cancer drug widely used for
treatment of the patients with tumors of the gastro-intestinal tract, including the colon cancers [18]. It competes
with uracil and thus blocks thymidine synthesis from uridine. Being incorporated into DNA and RNA it inhibits DNA
and RNA biosynthesis. We found that fluorouracil inhibits
3
H-thymidine incorporation into the DNA of both HT-29
and SW-480 colon cancer cells. Earlier [11] we found
that some anti-tumor drugs induced tumor cells to
TGF-b1 production. Taking into account growth-inhibit-

ing and apoptosis-inducing effects of TGF-b1 in those
tumor cells it was suggested that this cytokine may partly
mediate negative effect of anti-tumor drugs. Data presented in this study do not support such possibility for the
colon cancer cells of HT-29 and SW-480 lines, although
the induction of TGF-b1 production by fluorouracil cannot be excluded (experiments are in progress).
The cytotoxic plant lectins were proposed to be used
as antitumor drugs long ago [19]. Mistletoe (Viscum
album L.) agglutinins were also tested for their antitumor activity [20, 21]. Many cytotoxic lectins consist of
two types of the polypeptide chains: one is possessing
affinity to specific carbohydrate moieties, while another is possessing enzymatic activity capable of blocking protein synthesis on the ribosomes [22].
We found that colon cancer cells of SW-480 line
were more sensitive to the mistletoe agglutinin isoforms
VAA-1 and VAA-2 in comparison with the colon cancer cells of HT-29 line. Taking into account that the
cells of SW-480 line have lost their sensitivity to growth
inhibitor (TGF-b1) [16] those cells may be considered
more transformed than the cells of HT-29 line. Thus,
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Fig. 4. Induction of DNA fragmentation by cytotoxic plant lectins
and fluorouracil in growing human colon cancer cells of SW-480
(a) and HT-29 (b) lines.
1  untreated cell; 2  VAA-1 (20 ng/ml for (a) and 200 ng/ml for
(b)); 3  VAA-2 (20 ng/ml for (a) and 200 ng/ml for (b)); 4 
WGA (20 ng/ml); 5  fluorouracil (50 mg/ml)
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more transformed cancer cells are, nevertheless, more
susceptible to the cytotoxic action of the mistletoe lectins. The results of DNA fragmentation study suggest
that the way of death of the studied colon cancer cells
under the action of the cytotoxic lectins is both apoptosis and necrosis.
Earlier we showed that cisplatin- and TGF-b1-resistant murine leukemia cells of L1210 line are more
sensitive to the mistletoe agglutinin in comparison with
cisplatin- and TGF-b1-sensitive cells of the same line
[10]. We also found that TGF-b1-resistant L1210 cells
are better stained by specific plant lectins comparing
with TGF-b1-sensitive L1210 cells [23]. Besides, more
transformed cells of L1210 line were better agglutinated by various plant lectins in comparison with less
transformed cells of this line [23]. Those data suggest
that the malignant cell transformation may induce the
expression of specific plasma membrane markers which
can be recognised by specific plant lectins. One of such
markers (with molecular weight around 200 kDa) was
detected in TGF-b1-resistant murine leukemia L1210
cells [23].
At the moment, we do not possess direct data on the
expression of specific plasma membrane marker(s) in
the TGF-b1-resistant colon cancer cells of SW-480 line.
However, the carbohydrate specificity of such marker
can be predicted, as another plant lectin WGA inhibited
growth of SW-480 and HT-29 colon cancer cells to a
similar extent. Other investigators [24] used a differential ability to bind peanut agglutinin (PNA) and WGA in
various human colon cancer cells, particularly in SW480 and HT-29 lines, as well as the metastatic line SW620, for the lectin-targeted anti-cancer drug doxorubicine delivery to selected cancer cell lines. The targeting
moieties and doxorubicine were conjugated to a watersoluble co-polymer based on N-(2-hydroxyprolyl)
methacrylamide acting as a carrier responsible for controlled intracellular release of the targeted drug. FACS
analysis showed a strong binding of WGA-FITC to all
tested cell lines, while PNA-FITC binding was considerably weaker. While the conjugates with WGA were
more cytotoxic, the conjugates with PNA were more specific and their binding was limited to cancer cells and to
the sites of inflammation. These results support the idea
of site-specific lectinotherapy of malignancies.
In conclusion, the results of our study suggest that
specific cytotoxic lectins could be used as an instrument for estimating the level of the malignant transformation in the mammalian cells. It is probable that plasma membrane components of more transformed cells
bind specific plant lectins more effectively and, thus,
may be more sensitive to the cytotoxic action of those
lectins. Besides, it is obvious that in more transformed
cancer cells TGF-b1 resistance may appear.
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