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Human colon cancer cells of HT-29 line and of SW-480 line (defective in Smad 4 protein function necessary for
transforming growth factor f1 (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
*H-thymidine incorporation into DNA of both studied cell lines. These cell lines were similarly inhibited by fluoro-
uracil. 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.
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HccnenoBaHbl KJIETKU OIYX0JHM NMPsAMoii KUIIKK yenoBeka JuHud HT-29 u manun SW-480, nedpunurHoii no pyHkumu
O6enka Smad 4, HE0OXOAUMOro /sl OCYLIECTBJIEHHs CHTHaIbHOW poin TpaHchopmupyroumm dakropom pocra 1
(TOP-B1). Knerku nonsepramu aeiicreuio TMOP-31, npoTuBoomnyxoeBoro npenapara (Gayopoypanuia i HEKOTOPbIX
HUTOTOKCUYECKUX PACTHTENbHBIX JEKTHHOB. Y CTaHOBJEHO, UTO KieTkH JuHuu SW-480 3HauuTteabHo Gojee
YyBCTBUTEJbHbI, YeM KiaeTkH juHuu HT-29, Kk pocT-UHIHOUPYIOLIEMY U IIUTOTOKCHUECKOMY €iiCTBUIO aITIIOTHHUHOB
1 v 2 u3 oMebl, TOra Kak pasHULA B LIUTOTOKCUYECKOM AeHCTBUU Ha 3TU KJIETKU arrTOTHHUHA U3 IPOPOCTKOB
nieHuIbl MeHee BhipaskeHa. TOP-B1 (10 Hr/mir) cyuiecTBeHHO He BiMsieT Ha BKaoueHue *H-tumuauna B [IHK atux
kieTouHbix Junuil. Mayopoypalui okaspiBaeT MOAOOHBIH 0 cuie PocT-MHrHOUpyloumii 3¢ deKT Ha KiIeTKH 06enx
sunuii. [leficTBue JeKTHHOB U (bIryopoypaliia conpoBosKIaIoch cylecrBeHHol ¢pparmentanueit [IHK B ucenenyempix
KJeTKaX. PaccMOTpeHbI MEXaHU3MbI, KOTOPbIE MOTYT ObITh OTBETCTBEHHBI 32 PA3JINUMsl B YyBCTBUTEIbHOCTH HCCIIEAYEMbIX
JIMHUI OIYXO0JIEBBIX KJIETOK K JefiCTBUIO IUTOTOKCUYECKUX JEKTHHOB.

Knouesvie cnoga: pak npsamoii kuiku yenoseka, muHuu HT-29 u SW-480, TOP-31, uuroTrokcuueckue JeKTHHBI,
dbryopoypauui, poct KJIeToK, anonTos.

Transforming growth factor—p (TGF-p) belongs to a
big cytokine family whose members are involved in the
regulation of cell proliferation, differentiation, motility and
apoptosis [1, 2]. Although TGF-p is one of the most
potent inhibitors of normal cell growth, many malignan—
cies of epithelial and hematopoietic origin are resistant
to TGF-p action, suggesting that the development of
resistance to TGF-p plays an important role in tumori—
genesis [3, 4]. Loss of cell sensitivity to TGF-p 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-p 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-p—
triggered inhibition of proliferation and induction of ap-
optosis in murine L1210 leukemia cells correlated with
cell resistance to anti—cancer drug cisplatin [10]. Vari-
ous 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 ade—
nocarcinoma 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-p signalling
pathway could affect the sensitivity of these cancer cells
to the action of TGF-p1, anti—cancer drug fluorouracil
and some cytotoxic plant lectins.
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MATERIALS AND METHODS

Plant lectins used in this study were: mistletoe (Vis—
cum 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 Lud—
wig Institute for Cancer Research (Uppsala, Sweden).
The cells were cultured in DME medium (Sigma, USA),
supplemented with 10% heat-inactivated fetal calf se—
rum (FCS, Sangva, Lviv, Ukraine) and 50 ug/ml gen—
tamycin (Sigma, USA).

Sub-confluent cells were incubated for 24—48 h in
the presence of TGF-p1, fluorouracil or cytotoxic lec—
tins. After the completion of the incubation period the
number of alive and dead cells was counted in hemocy—
tometric camera after trypan blue staining of dead cells.

3H-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 uCi of ®H-thymidine (50 Ci/mmol) in 20 pl
FCS—free culture medium was added to each well. The
cell monolayer was washed 2 times with ice—cold phos—
phate 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 prepara—
tion and electrophoresis performed as described [13].
Briefly, 2 - 10° cultured cells were pelleted and then re—
suspended in 50 ul lysis buffer containing 50 mM Tris—
HCI (pH 7.5), 20 mM EDTA, 1% NP-40. SDS (final con—
centration 1%, Serva, Germany) and RNase A (final con-
centration 1 mg/ml, Sigma, USA) were added to each
sample, which was then incubated for 1 h at 37 °C. After
that proteinase K (final concentration 1 mg/ml, Sigma,

USA) was added and samples were incubated for 1 h at
37 °C. DNA was pelleted by adding 10 M ammonium
acetate (('/, of sample volume) and 2 volumes of ice—
cold isopropanol at —20 °C overnight. Samples were
centrifuged for 30 min at 10,000 g, pellets were air—dried,
dissolved in TE-buffer (10 ul/10° cells) and loaded into
the wells of 1% agarose gel. Electrophoresis was car—
ried out in TAE-buffer (pH 8.0) in the presence of ethy-
dium bromide and the gel was examined in transillumi-
nator (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 Stu—
dent’s {—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 *H-thymidine incorporation neither in HT-29
line possessing intact TGF-B1 signalling pathway, nor
in SW-480 line possessing an impaired TGF-f1 sig-
nalling due to a defective Smad 4 functioning (Fig. 1).
The mistletoe lectin VAA-1 decreased *H-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 ex—
periments: 20 ng/ml for SW-480 line and 200 ng/ml for
HT-29 line. TGF-B1 (10 ng/ml) did not affect the in—
hibiting action of the mistletoe lectin.

The above noted difference between colon cancer
cells of HT-29 and SW-480 line in their growth re—
sponse 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 — mar—
kedly inhibited growth of SW-480 cells, while their ac—
tion on HT-29 cells was less pronounced (see Fig. 2).
That difference corresponded to the effect of those lec—
tins on the amount of dead colon cancer cells, which
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Fig. 1. Effect of TGFpB1 and VAA-1 on *H-thymidine incorporation into DNA of growing human colon cancer cells of SW-480 (a) and

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 com-
parison with HT-29 cells. It should be noted that such
difference in colon carcinoma cells sensitivity to the in—
hibiting action of the lectin was specific for the mistle—
toe 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 pat-
terns of WGA cytotoxic effects were similar for both
colon cancer cell lines.

Dose dependence of the anti—cancer drug fluorou—
racil 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 ef-
fect of various stressing agents acting on human colon
cancer cells of HT-29 and SW-480 lines, DNA frag—
mentation 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—
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lon cancer cells (Fig. 4). The anti—cancer drug fluorou-
racil 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 appear-
ance 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-p1 regulatory system in tu-
morigenesis. These cells contain some genetic alter—
ations characteristic for colon cancer, namely the acti-
vating 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 chro-
mosome 18 where the Smad 4 locus is found (18g21).
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 wide—
ly used in the experimental oncology. This cell line re—
tains many biochemical and physiological features (in—
tact 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 car—
cinoma SW-480 cells.

Smad 4 plays a central role in TGF-1 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 | and type Il TGF-p receptors. In this
complex, the type Il receptor phosphorylates and acti—
vates the type | receptor, which, in turn, phosphory—
lates 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 assem-
ble transcription complexes that activate specific sets
of genes. Thus, Smad 4 is a shared key component in
TGF-p1 signalling pathway.

We did not reveal TGF-p1’s effect on *H-thymi-
dine incorporation into DNA of the studied colon can—
cer cells. Such result could be understood in the case
of SW-480 cells lacking Smad 4 protein function which
is necessary for TGF-p1 signalling. The lack of TGF-
B1 effect in the case of HT-29 cells could be explained
by the presence of 10 % FCS which may mask TGF-
B1’s 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—intes—
tinal tract, including the colon cancers [18]. It competes
with uracil and thus blocks thymidine synthesis from uri—
dine. Being incorporated into DNA and RNA it inhibits DNA
and RNA biosynthesis. We found that fluorouracil inhibits
3H-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-p1 in those
tumor cells it was suggested that this cytokine may partly
mediate negative effect of anti—-tumor drugs. Data pre—
sented 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 can—
not 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 antitu—
mor activity [20, 21]. Many cytotoxic lectins consist of
two types of the polypeptide chains: one is possessing
affinity to specific carbohydrate moieties, while ano—
ther is possessing enzymatic activity capable of blo—
cking 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 can—
cer cells of HT-29 line. Taking into account that the
cells of SW-480 line have lost their sensitivity to growth
inhibitor (TGF-p1) [16] those cells may be considered
more transformed than the cells of HT-29 line. Thus,

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 pg/ml)
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more transformed cancer cells are, nevertheless, more
susceptible to the cytotoxic action of the mistletoe lec—
tins. 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 apop—
tosis and necrosis.

Earlier we showed that cisplatin— and TGF-p1-re—
sistant murine leukemia cells of L1210 line are more
sensitive to the mistletoe agglutinin in comparison with
cisplatin— and TGF-p1-sensitive cells of the same line
[10]. We also found that TGF-pB1-resistant L1210 cells
are better stained by specific plant lectins comparing
with TGF-p1-sensitive L1210 cells [23]. Besides, more
transformed cells of L1210 line were better agglutinat—
ed 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-pB1-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 differen—
tial ability to bind peanut agglutinin (PNA) and WGA in
various human colon cancer cells, particularly in SW-
480 and HT-29 lines, as well as the metastatic line SW-
620, for the lectin—targeted anti—-cancer drug doxorubi-
cine delivery to selected cancer cell lines. The targeting
moieties and doxorubicine were conjugated to a water—
soluble co-polymer based on N-(2-hydroxyprolyl)
methacrylamide acting as a carrier responsible for con—
trolled 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 consid—
erably weaker. While the conjugates with WGA were
more cytotoxic, the conjugates with PNA were more spe—
cific 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 instru—
ment for estimating the level of the malignant transfor—
mation in the mammalian cells. It is probable that plas—
ma 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-p1 resistance may appear.

ACKNOWLEDGEMENT

This research was supported by the State Founda-
tion of Basic Studies of the Ministry of Education and
Science of Ukraine. The authors thank Dr. Maxim Lutsik
for presented plant lectins and Mrs. Galina Shafran-
ska’s for the assistance in cell growing.

REFERENCES

1. Massague J. The transforming growth factor-f3 family.
Ann Rev Biochem 1990; 6: 597-641.

2. Roberts AB, Sporn MB. The transforming growth
factor-B. In: Handbook of experimental pharmacology. Pep-
tide growth factors and their receptors. Sporn MB, Roberts AB,
eds. Springer, New York: 1990, V.95. P.419-72.

3. Phylchenkov AA, Stoika RS, Bykorez Al. Trans-
forming growth factors. Kyiv: Naukova dumka, 1994. 290 p.
(In Russian).

4. Polyak K. Negative regulation of cell growth by
TGFB. Biochim Biophys Acta 1996; 1242: 185—99.

5. Heldin C-H, Miyazono K, ten Dijke P. TGF-p sig-
nalling from cell membrane to nucleus via Smad proteins.
Nature 1997; 390: 465—71.

6. Massague J. TGF-B signal transduction. Ann Rev
Biochem 1998; 67: 753-91.

7. Hahn SA, Schutte M, Hoque AT, Moskaluk CA,
da Costa LT, Rozenblum E, Weinstein CL, Fisher A,
Yeo CJ, Hruban RH, Kern SE. DPC4, a candidate tumor
suppressor gene at human chromosome 18q21.1. Science
1996; 271: 350-3.

8. Thiagalingam S, Lengauer C, Leach FS, Schutte M,
Hahn SA, Overhauser J, Willson JK, Markowitz S,
Hamilton SR, Kern SE, Kinzler KW, Vogelstein B. Eva-
luation of candidate tumor suppressor genes on chromo-
some 18 in colorectal cancers. Nat Genet 1996; 13: 343—6.

9. Powell SM, Harper JS, Hamilton SR, Robinson CR,
Cummings OW. Inactivation of Smad 4 in gastric carcino-
mas. Cancer Res 1997; 57: 4221—4.

10. Stoika RS, Yakymovych MYa, Yakymovych IA,
Chekhun VF. Cisplatin-resistant derivatives of murine
L1210 leukemia cells are not susceptible to growth-inhibi-
ting and apoptosis-inducing actions of transforming growth
factor-B1. Anti-Cancer Drugs 1999; 10: 457—63.

11. Stoika RS, Antonyuk VO, Yakymovych IA, Yaky-
movych MYa, Korchinsky OG, Preobrazhenska OV,
Stasyk TV, Kashtchak NI, Lutsik MD. Tumor cell re-
sponse to cytotoxic lectins and heat shock in vitro: study
of possible involvement of transforming growth factor B1.
Int J] Med Biol Environ 2000; 28: 65-9.

12. Khomutovsky OA, Lutsik MD, Perederej OF.
Electron histochemistry of cell membrane receptors. Kiev:
Naukova Dumka, 1986. P. 21-33.

13. Herrmann M, Lorenz HM, Voll R, Grunke M,
Woith W, Kalden JR. A rapid and simple method for the
isolation of apoptotic DNA fragments. Nucl Acid Res 1994;
22: 5506—7.

14. Phylchenkov AA, Stoika RS. Apoptosis and can-
cer. Kyiv: Morion, 1999. 184 p. (In Russian).

15. Goyette MC, Cho K, Fasching CL, Levy DB, Kin-
zler KW, Paraskeva C, Vogelstein B, Stanbridge EJ. Pro-
gression of colorectal cancer is associated with multiple tu-
mor suppressor gene defects but inhibition of tumorigenicity
is accomplished by correction of any single defect via chro-
mosome transfer. Mol Cell Biol 1992; 12: 1387-95.

16. Calonge MJ, Massague J. Smad4/DPC4 silencing
and hyperactive Ras jointly disrupt transforming growth
factor-B anti-proliferative responses in colon cancer cells.
J Biol Chem 1999; 274: 33637—43.

17. Von Kleist S, Chany E, Burtin P, King M, Fogh J.
Immunohistology of the antigenic pattern of a continuous
cell line from a human colon tumor. J Natl Cancer Inst
1975; 55: 555-60.

18. Boolkina ZP. Anticancer preparations. Reference
book. Kyiv: Naukova Dumka, 1991. 302 p. (In Russian).



Experimental Oncology 24, 188-193, 2002 (September)

193

19. Lin J, Tserng K, Chen Ch, Lin N, Tung T. Abrin and
ricin: new anti-tumor substances. Nature 1970; 227: 292-3.

20. Lutsik MD. Antitumor properties of phytohem-
agglutinin from mistletoe. Rep Ukr Acad Sci 1975; 6: 541—
3. (In Russian).

21. Franz H. Viscaceae lectins. Adv Lectin Res 1989;
2: 28-59.

22. Barbieri L, Battelli MG, Stirpe F. Ribosome-inac-
tivating proteins from plants. Biochim Biophys Acta 1993,
1154: 237-82.

23. Stasyk TV, Antonyuk VA, Yakymovych MYa,
Yakymovych IA, Yanish YuV, Shishova YV, Shlia-

khovenko VA, Chekhun VF, Stoika RS, Lutsik-Kor-
dovsky MD. A comparative study of cell surface glycosyl
determinants in sensitive and resistant to cisplatin 1.1210
murine leukemia cells. Exp Oncol 1998; 20: 204-9.

24. Rihova B, Jelinkova M, Strohalm J, Stastny M,
Hovorka O, Plocova D, Kovar M, Draberova L,
Ulbrich K. Antiproliferative effect of a lectin- and anti-
Thy-1.2 antibody-targeted HPMA copolymer-bound dox-
orubicin on primary and metastatic human colorectal car-
cinoma and on human colorectal carcinoma transfected
with the mouse Thy-1.2 gene. Bioconj Chem 2000; 11:
664—-73.



