JoExp. Clin, Canver Res. 1701, 1998

T-2 Toxin Affects Proliferation of Three Different Neoplastic Cell
Lines
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The antiproliferative effect of T-2 toxin (T-2) towards mouse melanoma B16 cells, human myelogenous leukemia
KS62 cells, and human cervix carcinoma, Hel.a cells, was studied. For the first four days of T-2 presence B16
cell survival was decreased in dose dependent fashion. However, cell survival after eleven days T-2 action may
be dual: some stimulation of cell growth that was direct function of the number of seeded cells per well was ob-
served and el survival (for the highest number of seeded cells) six times greater than control, was noticed at 20
M -2 toxin concentration. A smaller celt growth stimulation (cell survival more than 3 times higher than con-
trol) was observed with a lower cell number seeded per well. Nevertheless, by cleventh day concentrations ol '1-
2 higher than 35 nM completely inhibited B16 cell prolileration. The same trend was noticed for T-2 action to-
wards K562 cells. Treatment of Hel.a cells with various 'T-2 concentrations led to a marked inhibition of cell sur-
vival that was more pronounced at the end of 34" or 72 hour, than after the 20" hour of agent’s action. 1Cs50
values obtained in the present work, suggest that B 16 cells were the most sensitive to T-2 antiproliferative action,
while Hel.a cells were the most resistant. When PBMC were cubtured with Hel.a cells the antagonism against
various 1-2 concentrations was observed: cell survival determined after 44, or 72 hours of cells incubation, was
less decrcased compared to cultures treated with 1-2, or with PBMC only. In addition, it was shown that T-2 and
cix-DDP had an antagonist effect on el cells survival,
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T-2 woxin, a trichothecene mycotoxin, is a scc-
ondary metabolite of several species of Fusarium fun-
gi. Naturally occurring (mostly T-2) mycotoxicosis, af-
fecting both man and animals after intakes ol mouldy
cereal grains, has been reported in literature world-
wide (1-8). Toxin T-2 represents a type A tri-
chothecence. Tts chemical structure is shown in Fig. |

(CHy),CHCH,COO™ :
CH,LCO00” CHy

Fig. 1 - Chenncal strocture ol 1-2 1o,

Many toxic substances in low concentrations exert
various biotogical actions. Thus, T-2 toxin superin-
duced H.-2 mRNA in human tonsil lymphocytes and
I1.-2 production i murine and rat splenocytes (9,10).
This agent could cither inhibit or superinduce both 1L
seeretion and mMRNA levels in murine CD4+ T-cells
(1D 10 was reported that preinoculation of mice with
T-2 significantly enhanced resistance to Listeria mono-
cytogenes (12). The same was observed for Es-
cherichia coli and Staphylococceus aurcus (13). Single
dose und 7-day treatment with a T-2 toxin reduced the
virulence of both S, hyicus or M. avium. It was con-
cluded that the contamination of food with tri-
chothecenes may alier the normal pattern of im-
munoglobulin production (14).

Fewas also shown that this toxin most strongly act-
cd on rapidly dividing cells, both in vitro (10, 15, 16)
and inovive (17-19) Investigation of T-2 action on the
proliferation ol some human neoplastic cell lines
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showed that this compound could suppress the growth
of human leukaemia cell lines K562 and an EB V-trans-
formed human lymphoid B-cell line MIN-GLI cells
(20), of malignant melanoma SK-Mcl/27 cells, or he-
patocellular carcinoma Hep G2 cells (21). and of cer-
vical cancer Hela cells (22).

The aims of this work were (a): to determine the
pattern of T-2 action on growth of various ncoplastic
cells, and to check the antiproliferative effect of T-2 in
the presence of peripheral blood mononuclear cells
(PBMC) or known antitumor drug ¢is-DDP.

Materials and Methods

Culture conditions for production, extraction and
purification of T-2 toxin. Stock culture of F. sporotri-
choides KF-38/1 was maintained as sterile water sus-
pension. Subcultivated isolate in potato-sucrose agar
for 1 week at 28°C was used for inoculum. Erlenmey-
er flasks (750 ml) containing 375 mi of medium (su-
crose, 50 g; yeast extract, | g: peptone-1 1 g: and wa-
ter 1 litre, pH 5.6) (23) inoculated with spores of fun-
gal isolate were incubated for 5 days at 28°C on hori-
zontal excentric shaker. Fungal cultures were filtered
and crude toxin was preparcd from mixed culture fil-
trales by ethyl acetate extraction. Obtained extracts
were concentrated on rotatory vacuum cvaporator, dis-
solved in methanol+water (1+1 v/v), and the clean-up
procedure as well as silica gel column chromatography
were performed according to Romer et al. (2:1). Final
1-2 toxin quantification was performed by means of
gas chromatography with electron-capture detector
(GC/ECD).

Chemicals. Stock solution of T-2 was made in 96%
ethanol at a concentration of 3.22 mM and afterwards
diluted by nutrient medium to the different final con-
centrations needed (in the range between 8.5-540 nM),
cis-Diammincedichloroplatinum(Ib, c¢is-DDP was ob-
tained from Bristol-Meyers-Squib (Munich, Ger-
many). Stock ¢is-DDP solution in physiological saline
(0.5 mg/ml) was diluted with nutriticnt medium before
use to final concentrations between 1.05-16.8 pM. The
3-(4,5-dimcthylthiazol-2-yD)-2.5-dipheny! tetrazolinm
bromide (MTT) was purchased from Sigma Chemicals
(St. Luis, MO, U.S.A). MTT was dissolved. 5 mg/ml
in phosphate buffer saline pH 7.2, and filtered through
milipore filter, 0.22 pm, before use. RPMT 1640 cell
culture medium and fetal bovine serum. (FBS) were
products of Gibco (Paisley, Scotland, U.K.).
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Preparation of peripheral blood mononuclear cells
(PBMC). PBMC were separated from whole he-
parinised blood of healthy volunteers (age range 20-50
years) by Lymphoprep™ gradient centrifugation, Inter-
face cells. washed three times with Haemaccel” aque-
ous solution supplemented with 145 mM Na', 5.1 mM
K 6.2 mM Ca™, 145 mM CI and 35 g/L. gelatine poly-
mers, pli=7.4, were counted and resuspended in nutri-
tient mediun,

Cell cultmre. Mouse melanoma B16 cells, and hu-
man cerviy carcinon Hela cells were maintained as
a monolaver culture, while human myclogenous
leukemia, K562 cells were grown as a suspension cul-
ture, in the same nutritientimedivm (RPMT 1610 miedi-
um supplemented  with I-ghitamine (3 mmol/l),
streptomycein, and garamycin (100 pg/mi,, cachy. 10%
heat inactivated foctal bovine serum, FBS and 25 mM
Hepes, adjusted to pH 7.2 by bicarbonate solution),
The cells were grown at 37°C in 5% CO, and humidi-
ficd air atmosphere by twice weekly subculture.

Treatment of mouse melanoma BI16 cells. Three var-
ious numbers of cells were seeded, in triplicate (1250,
625 and 312 cetls per welt). into three different 96-well
microtiter plates and twenty hours later, live different
concentrations of T-2 toxin were added to the wells 1o
final concentrations of 8.5 nM: 17 nM: 34 nM: 68 nM
and 136 nM_except to the control wells where a nutri-
tient medium only was added to the cells. Al analyses
were done in riplicate. Nutritient medivm with corre-
sponding concentrations of T-20 bt void of cells was
used as blanc,in triplicate.

Treatment of K562 cells. Three different numbers of
K562 cells were sceded per well. in triplicate. (1250
635, and 312 cclls per well) into 96-well microtiter
plates. Three different plates were seeded and four
hours later cells were treated with various concentra-
ttons of 1-2 in the same way as B16 cells.

Treatment of Hela cells, Tiela cells, huaman cervix
carcinonmit cells, were seeded in nutritient medinm into
Y06-well microtiter plates, 2000 cells per well, After 20
hours. to one series of wells human PBMC were intro-
duced keeping effector to the target cell ratio of 25:1 or
S0:1. Then, simultancously. six different concentra-
tions of T-2 toxin (1o final concentrations of 17 nN: 34
NN OR DM 136 0N 272 oM and S4400M) were added
to the group of wells with or without PBMC, but not in
corresponding  control wells where only nutritient
mediuvm was added. In samples used to study the com-
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Fig. 2 - The citect ol different concentrations of 12 toxin on the survival (%) of B16 cells, at fourth (A), fifth (B) and cleventh (C) day
of wction. (€0 1250 (/) 628 and (b 312 seeded cells per well Dataane the mean ot triplicate. SD were less than 10%.

bined action of ¢is-DDP and 12, twenty hours after the
cell seeding, the agents were simultancously added o
the wells. All analyses were done in triplicate. Nutri-
tient medinm with or without all corresponding addi-
tion(s), but without target cells, was used as blanc, in
triplicate.

Determination of B16 and K562 cell survival. Cell
survival was determined by MTT test according 1o
Mosmann’s method (25) modified by Ohno and Abe
(26), four, live, or cleven days after the drug addition.
Bricfly, 20 pl. of MTT solution (5 mg/ml PBS) were
added to cach well. Sumples were incubated for further
four hours at 37°C in 5% CO, and humidified air at-
mosphere. Then, 100 pl of 10% SDS in 0.0IM HCI
were added to the wells. Optical density (OD) at 570
nm was red the next day. To get cell survival (%), op-
tical density at 570 nm of a sample with cells grown in
the presence of various concentration of T-2 (OD), was
divided with controb optical density ODe, (the OD of
cells grown only in nutritient medium) x 100 (OD of
blanc was always subtracted from OD of a cor-
responding sample with target cells). Concentration
ICS0 was defined as the concentration of a drug re-
quired to inhibit cell survival by 50%, compared with
vehicle-treated control.

Determination of Hela cell survival. Cell survival
was determined by MTT test 20, 44, 72 and 96 hours
upon addition of the drug, or 20, 44 and 72 hours upon
addition of PBMC, or of PBMC and the drug. In this
way the clfects of -2, or of PBMC, as well as of their
combination were compared, with the proliferation of
the celis grown only in nutritient medium, by the same
procedure used for determination ol B16, or KS62 ccll
survival. A sample with effector cells with or without

the corresponding T-2 concentration was used as blanc
in cases where the effect of PBMC on Hela cell sur-
vival was examined (27). The survival of cells exposed
to the combined action of ¢is-DDP and 'T-2 was deter-
mined after 48 and 72 hours by the same assay.

Results

The effect of 'T-2 toxin on B16 cell survival, as the
function of the seeded cell number per well, and the
function of the time of incubation, is shown on Fig 2.
An antiproliferative effect of T-2 on cell survival is
found as an inverse function of the seeded cell number
at the beginning of the experiment. At the end of the
cleventh day of T-2 action it was found that T-2 was ca-
pable of inducing a dual effect on cell survival. Some
stimulation of cell growth was observed; at 20 nM of
toxin concentration cell survival was six times greater
(for the highest number ol seeded cells) than control.
In the same circumstances the smaller cell growth
stimulation (cell survival 3.5 times higher than control)
was observed at lower cell number seeded per well.
This growth stimulation of B16 cells by 20 nM T-2 is
accompanicd by the formation of colonies with a
greater number of non melanin-producing cells in
monolayer (approx. 64) in relation to the same cells in
controb (approx. 16). There were more melanin-pro-
ducing cells at the top layer in control than in samples
with ‘1-2. Nevertheless, concentration of T-2 toxin
greater than 35 nM completely inhibited cell survival.
1050 for 316 cells, for different duration of T-2 action
are shown in Table L

“The survival of human K562 cells grown in the
presence of various concentrations of 1-2 are shown in
Iig. 3. as a lunction of the time of cell incubation with

A5



7. Juranié et al,

the toxin, Different cell number secded per well hid
various sensitivity to T-2 toxin action, and an antipro-
lilerative T-2 cffect oncell survival was observed for
the first 72 hours, On the eleventh day o dud eliect of
T-2 was observed again: some growth stimulation, in
refation to the control, could be seen at 20 nh ol T-2
(cell survival was 2.4 times higher than contiol for the
1250 seeded cells per well). This growth stimulation
induced by 20 nM T-2 for the same number of sceded
cells is smaller than that determined for B16 cclls. The
possible explanation may be that the number of B16
cells was higher in the moment of T-2 addition (20 fus
alter cells seeding, while to K562 cells toxin was
added only four hours after cells sceding). Concentra-
tion of T-2 toxin greater than 35 nM complctely inhib-
ited cell growth. The ICS50 for K562 cells, for different
days of T-2 action, are shown in Table |

Data on relative survival of Hel.a cells grown alone. in
the presence of various T-2 toxin concentrations or in cul-
ture with human PBMC, at a different effector to target ra-
tios (0; 25:1; and 50:1) in the presence of various concen-

trations of ‘122, determined at the end of the first, second
and third day ol agents and/or PBMC action, are present-
vl on Fipo a0 Antiprofifective T2 action on Tlel o cells
concentidion dependent could be seen 1050 was not the
function ol the time of cell incubation with 122 for the
apents action between 48 wmnd 72 howrs bat s inverse
function of the nimber of cetls seeded per welbat the he
ginning of the experiment (see Table ). Some complex
relation between 1-2 and PBMC action on Helaveells in
the concentration range 40-150 n€M of T-2 could be ob-
served atong with an antagonistic PBMC action on1-2 in-
hibition of cefl prowth. 1 could be also noticed that sup-
pression of Hela cell survival induced by the function of
some PRMC classes is fower in the presence ol 122,
Optical densities, that are divectly propottional 1o
the number of live, MTT treated, target Hela cells -
grown alone or in the coculture with PBMC at various
BT ratios, in the presence or in the absence of 34 nM
of -2 - arc shown in Fig, 5 as a function of the time of
the drag exposure. It could be seen that the presence ol
PBMC partially protected Hela cells from the antipro-

Table | - IC50 obtained for the T-2 action on B16, K562 and Hela cells for different period ol agenlts aclion

(days) and various cell number seeded per well.

Time of B16
T-2 actlion IC50 (nM) No
cel/well
t day ND* ND
2 days ND ND
3 days ND ND
15 1250
4 days 14 625
14 312
16 1250
5 days 145 625
13 312
325 1250
11 days 315 625
23 612

* ND: non determined

RI{)

K562 Hel. A
IC 50(nM) No IC50 (nM) Mo
cell/iwell cell/well
ND / > 540 10000
" ND / 56 2000
70 2500
ND ND 55 1250
55 625
275 1250 225 2500
26 625 85 1250
55 625
21 1250
16 625 ND ND
an 17250
16 625 NOD ND
7.5 312
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liferative -2 action. The eftect of ¢is-DDP and T-2
toxin on Heb.a cell survival is shown in Fig. 6. The an-
tagonistic action of two drugs was observed, as the
combination index, Ci (28), was higher than 1.

Discussion

Although the toxic action of 'T-2 has been known
since a long time ago (I-4), many recent reports
analyse the antitumor action, especially when the agent
is applied at low concentrations (20-22). -2 toxin is a
powetlul inhibitor of DNA and protein synthesis in cu-
karyotic cells (29, 30), which is accomplished by its
firm attachiment to ribosomes (31-32).
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Our results clearly show that low concentrations of
T-2 have a duad effect on the examined cell prolifera-
tion. Extremely low T-2 levels, but defined in the range
10-25 nM, citused some stimulation of B16 and K562
cell growth. As this stimulation is proportional to the
number of seeded cells per well at the beginning of the
experiment, it could be assumed that some autocrine
growth factors were induced and released from target
cells during the T-2 action. Stimulation of target cell
growth could be the consequence of this autocrine
growth factor effect. This finding is in accordance with
already published reports that T-2 (as well as the other
known protein synthesis inhibitor, cycloheximide)
could superinduce autocrine, or paracrine growth fac-
tors Tor varions (mostly of immune origin) cell types

Survival (%) of Hela cells, grown alone, or co-culiured with bunan PBMC is given as the function of T-2 toxin concentration.

atditterent etfector to tuget ratios, at 20% (A ) - (B)and 72 hour (Cy ot agents” action nall samples 2000 of Heba cells were
seeded per well (€)) Helba cells: (A0 Hela celts co-caltured with human PBMC ET=25:15 (1) Hela cells co-cultured with hu-

man PBMC =501, BT bs given in rebation o the number of seeded cetls at the beginning of the experiment, 20 hours before

the PBMC addition. Data are the mean of tiphcate. SP were Tess than 155
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44 and 72 hour of the set up of mixed cell coltwre (B, Dt are the mean of tiplicite. SD were Tess than 10%

(11, 33-35). The observed superinduction of some pro-
teins was explained to be due to increased gene tran-
scription (via inhibited synthesis of a negative protein
regulator) and mRNA stability as postulated by Shaw
ct al. (36-38). Contrary to our findings, the effect of 1=

2 on the stimulation of cell growth was not reported for
B16 or K526 cells (20), probably because short time of

agent's action.
Higher, but still low, concentrations of 1-2 1oxin
completely blocked cell growth stimulation, and an an-

tiproliferative effect, already reported for KS62 (20) or

HeLa cells (22), was observed. The T-2 antiprolifera-
tive effect on B16 cells has not been published vet, al-
though, it was observed carlicr on human melanoma
SK-MEL/27 cells (21).

Cell survival (%)

cis-DOP (uM)

Human PRBMC exert o oyvtotoxic effect when incu
bated with malignant cells due to the known cyvtotoxic
action ol some of its subpopulations. In our experiment,
the cytotoxic PBMC effect was weak and not propor-
tional to the number of effector cells. Moreover, PBMC
acted antagonistically to T-2 toxin, or vice versa, on
Hela cell survival, In the presence of PBMC and T-2,
Hela cell survival was higher than in the samples were
only PBMC., or the corresponding concentration of 7-2,
were with target cells, Tewas unusual (o see a pap in tar-
get cell survival observed at T-2 concentration hetween
40 and 140 oM pronounced only in Hela cells co-cul-
tured with PBMC. This finding could be explained by
carlicr published data showing that 1-2 conld superin-
duce de nove synthesis and release of 1122 in CDd4+

Cell survival . %)

0 5 10 15 20 25 30 35
ci5-DDP (UM)

Fig. 6 - Survival of Hela cells grown in the presence of T-2 and varions ¢ic-DDP concentrations for 48 (A) and 72 hours (B, ¢ T 2 0
NM(A)Y T-2 7.5 aM: (Ul T2 16 M (0 T-2 32 N (B T2 60 aML Datacare the mean of triplicate. SD were Tess than 107



murine T cells (11). His known that 11.-2 could enhance
the cytotoxic effect of cells with NK function (39). 1,
by analogy, the same could happen in systeny investi-
gited with the same human cells used in this experi-
ment, the eytotoxic function ol PBMC in the presence
ol '1-2 would be stronger. However, Hel.a cell survival
wirs, even in these circumstances, higher than i the
presence of PBMC only, suggesting that in vitro, the
hacmatotoxic 152 effeet, observed and reported catlier
(20, 40-42), could be expressed on the effector cells
used in this experiment, too. Data obtained in this work
suggest that, although it was proved that '1-2 exerted s
antiprolilerative effect in low concentrations, its action
on neoplastic cells could be very complex and experi-
ments in vitro could hardly predictits tinal elfect in vi-
vo.

Acknowledgments: The Authors thank Ms Tatjana
Petrovic Tor her excellent technical assistance, and o
Ms Brankica Vreacar too, for typing the manuscript,
‘This work was supported by a Rescarch Fund ot Serbia
grant. 13M13 (ZJ.; S.B. and S.R)), O3EIR (5.R.M),
F2MIES (AB-SO) and 0224 (1))

References

1 Hsu 1O Smalley .8, Swong ENL, Ribelin WE. Wdentitica-
tion of T 2 toxin in moldy corn associated with a lethal toni.
cosis i dairy cattle. Appl Mictobiol 2084 690, 1972

2. Pulby R.. Greenway LA Fusariotonicosis from baley in British
Columbia, 1L Apalysis and tosicity of suspected binley. Coan !
Comp Med. 40:16-19, 1976

3. Ueno Y., Ishii K., Sakai K. ctal. Toxicological approaches to
the metaholites of Fasaia, 1V, Microbial suvey on “hean bulbs
poisoning of horses™ with the isolation of tovic trichothecenes,
neosobaniol and T-2 toxin of Fusavivoy solani MCT-E Jpn ) Exp
Mod 42 187 203, 1972,

4. Yagen B, JoHe AZ. Screening of toxic isalates of Fusatium
poie and Eosporotrichoides involved in causing alimentary
tonic aleukia, Appl Microbiol 32: 42371970

5. Ueno Y. The Tuxicotopy of Mycotoxing, CRC Crit, Rev. Tox-
icol,, 14: 99132, 1985,

6. Bevna Vo Trichothecenes, e Vo Betima (ladon Mycotovins, pp.
192 24, 1989, Amstendiam, Blsevier,

7. Pestha 31, and Casale WL Nawrally occining tungal tox.
ins. In: JOriaga and MLS Simmons (Eds), Food Contami-
wation from Environmental Souees, pp. 613 63K 1990, Jolin
Wiley & Sons, New Yok

R, Sceott PAL: Trichothecenes in prains, Cereal Foods Warld, AS:
GO GGG, FYHE

9. Ll 8. Zelip S Yagen Band Kaemplen, R Superindoction
of hunum interleukin: 2- messenger RNA by ihibitors of tans-
Lation, Hiochem, Biophys, Res, Commnne, 1230 RA12-KAK,
1981,

10

-

.

0.

tJ
T

Etfect of 12 Toxin on Neoplastic Cells

CHolt PSS Comier DY EC and Deloach LR Suppressive and en-
limcing etfect of T-2 toxin on murine lymphocyte activation
and interleukin 2 production. fmmumopharmacol. Tmmono-
toxicol, 10: 305- 385, 1UKK.

. Ouyang Y.L, Arcona-Olivera L1 and Pestka 1) Elfects of
tichothecene structure on eytokine secretion and gene expres-
sion in murine CDA4T-eells, Toxicology, 104 187-202, 1995,

CCorrier D E, Ziprin R and Mollenhaner HEHG Moduolation
ol cell mediated resistiinee to Listeriosis in mice given 122
tnin, Tovicol, Appl. Pharmacol [ 89: 323331, 1OR7.

- Cooray Rand Jonsson P2 Modubation of resistance to masti-
tis pathogens by pretreatment of mice T1-2 toxin. Food Chem.
Tosicol, 28: GRT-092, 1990,

S Atoshi E Rizeo AL Veijalainen P, Lindberg 1.A ., Honka-
nenbuzalhi T, Andersson Ko, Hirvi T, and Salonicemi 1 The
Lftect of Dictny Exposme to Donand 1-2 Toxin on Host Re-
sistance ind Serum Immunoglobing of Normal and Mastitic
Mice. J. Anim. Physiol. Anim. 71 223-233, 1994,

COldbhan LW Alred T Milo GUEL Kindig O, Capen C.C.
The toxicotogical eviduation of the mycotoxins T-2 and 1-2
tetraol using novmal human tibroblasts in vitro, Toxicol Appt
Plinmacol. S2: 159168, 19RO,

Cven Milezewshi Ko Toxicity of epoxytrichothecenes in cul-

tured mammalian cells. Mycotoxin Res 30 69-76, 1987,

Pang VI, Felburg 1, Beasley V.R, Buck WB., Haschek

WAL The tovicity of T-2 toxin in swine (ollowing topical ap-

phicition - (L Ellects on hacmatology, serum: biochemistry,

wndd e response, Fondiom Appl “Toxicol 9(1): 50-549,

IUK7.

Pang VI, Lotenzana RN, Beastey VR, Duck WR,

Haschek WAL Experimental T 2 woxicosis in swine - HE Mor

phologic chiamges following inteavascular administiation of T-

2 toxin, Fandam Appl Toxicol, R(3): 298-309, 19K7.

Pang VE, Swanson S.0%, Beasley VR, Buek W, Haschek

WAL The toxicity of 152 toxin in swine following topical ap-

plication. 1. Clinical signs, pathology, and residue concentra-

tioms. Fadam Appl Toxicol 9¢1y: 41 49, 1987,

Vishonti AL, Mincivini I, Lucivero G.oand Gambatesa V. Cy-

totoxic and immunotoxic effects of Fusarivm micotoxins us-

ing a rapid colorimetric bioassay. Mycophatologia, 113 181

186, 1991,

. Babich H.and Borenfreund E.: Cytotoxicity of T-2 toxin and
its metabolites determined with the newtral red celb viability
assay. Appl. Environ. Microbiol., ST(7y: 2108-3, 1991,

CThmelt ML Gageis Mo and Kollarezik B Cytotoxicity of My-
cotoning Eviduated by the MUT Cell Cultare Assay. Myco-
pathologie, 128 167174, 1994

23 Uena Y., Sawano M, Ishii K. Production of trichothecene my-

cotoxins by Fusarium species in shike culture. Appl. Microbi-
ol W19 1978,
Romer TR, Boling TM., and McDonald 31 Gas-liguid
Cheonrtographic determinition of the T-2 toxin and diace-
tony s irpenot i cornand mined feeds. L Assocs Anal Chem,
Ol ROL-X, 1YY,

- Mesouon T Rapid colorimetric assay for cellutar growth and
sunvival application o proliferation and cylotoxicity assays. J.
ol Methods, 65:55-63, 1983,

RV



7. Jurani€ et al,

20.

30.

3.

32,

KRN

40

Ohno M. and Abe 1. Rapid colorimetric assays for the guan
tification of leukemia inhibitory factor (1L1Fy and interleakin-6
(JL-6). 1. Immumol. Mcthods, 145: 199-203, 1991,

. Seung 1P, Seung S.K. and Scheeiber H Antigenic Caneer

Cells that Escape Immune Destruction are Stimulated by Host
Cells. Cancer Res., 55: 5094-5100. 1995.

. Kaufmann S.H. Peerchoom DL, Buckwalier C AL Svingen

PA. Grochow L.B., Donchower R.C.and Rowinsky F K
Cytostatic effects of Topotecan Combined With Various Ami-
cancer Agents in Human Cancer Cell Lines. ). Natl. Cancer In-
st., 88: 734-41, 1996.

. Ueno Y, Nakajima M, Sakai K, Ishii K. Sato N, Shimada N.

Comparative toxicology of trichothceene mycotoxins: inhibi-
tion of protein synthesis in animal cells. J Biochem (Tokyoy
74: 285-96. 1973,

Ueno Y. Trichothecenes: overview, In: Rodricks IV, Hesssel-
tine CH, Mchlman MA, editors. Mycatoxins in human and an-
imal health. Park Forest South, 1l.: Pathotox . 189-207.1977.
McLaughlin CS , Vaughan MH . Campbell IM | Wei M.
Stafford ME, Hansen BS. Inhibition of protein synthesis by tri-
chothecenes. In: Rodricks JV, Hesseltine CW, Mchiman MA,
editors. Mycotoxins in human and animal health. Park Forest
Soth, Hiinois: Pathotox 263-273. 1977.

fwahashi T, Tashiro F, Ueno Y. Mechanism of cytotoxic effect
of T-2 toxin on a protozoan, Tetrahymena pyriformis G Proc
Jpn Assoc Mycotox 15: 31, 1982,

Warmner R.L., Brooks K. and Pestka JJ.: In-Vitro Effects of

Vomitoxin (Deoxynivalenol) on T-Cell Tnterfeukin Production
and TgA Sceerction. Food and Chemical Toxicology, Vol A2

617-625, 1994.

. Dong WM., Azcona-Olivera J.1.. Brooks K.H.. Lins JE. and

Pestka 1.J.: Elevated Gene-Expression and Production of In-
terleukin-2, Interleukin-4, Interleukin-5, and Tnterleoukin 6
During Exposure to Vomitoxin (Deoxynivalenol) and Cyclo-
heximide in the El-4 Thymoma. Toxicology and Applicd Phar
macology, 127: 282-290, 1994,

RI(H

7.

Kb

V3

~

40,

CAzcons Ohivere LU Onyanp YU Winer RE . Ling T and

Pestha L1 Elects of Vomitoxin (Deoxynivalenol) and Cyclo-
heximide on 102 1040 Sand 11,6 Secretion and Messen-
per RNA T evels in Murine CDAeo) Cells Food and Chericat
Toxicology, 33 433+, 1905,

Shaw G. and Kamen R A conserved Al sequence from the 3
wntianslited repion of GM CSE mRNA mediates selective
MRNA depradation. Cell, 46: 659 667, 19RO,

Shaw 1. Mectoviteh Koo Bleackley RO and Pacthan Vo
Mechanisms regulating the Tevel of 12 mRNA in T lympho-
cytes. ) Immunol. B 22432248 TORR.

Shaw J.. Mecrowiteh K., Fliott LEL Bleackley R.CLoand
Pactkau V.: Induction, suppression and superinduction of hym-
phokine mRNA in 1T lvmphocstes, Mol ol 24300
19, TORT,

Robbh R.J. Interleukin-2: the molecule and its function. 1m-
munol Today 5:203-0. 1984

Lautraite S.. Parentmassin D, Rio Boand Hoellinger H: Com-
parison of Toxicity Induced by HT-2 Toxin on Human and Ra
Granulo-Monocytic Progenitors with an in-Vitro NModel. Fu-
man & Experimental Toxicology, [5: 208-213, 1996,

CHolladay SO Smith B ind Loster MLz B-Eymphocyte

Preenrsor Cells Represent Sensitive Targets of T2 Mycotoxin
Exposure. Toxicology and Applicd Pharnvacology. 131 309
IS 1948,

. Porsedl JHL Kateley IR, Yoshizama T Pestka 11 Inhibition of

mitogen-induced blastogenesis in hunin lymphocytes by 1-2
toxin and its metabalites, Appl Eoviton. Microbiol 49:1523-
(0, 1URS.

Received: May S, 1997

7. huvanid Phoh,
Tnstitute for Oncology and Radiology of Serbia,

Pasterova 14
11000 Betgrade, Yoposhivia



