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Disturbances of tumor caryotype, such as chromo-
some and chromatid rearrangements have been stu-
died very intensively. However, small genetic distur-
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Heterogeneity of tumors by different features increases during tumor progression and determines the level of its
malignancy. To reveal possible correlations between different characteristics, the method of clonal analysis of the
tumor cell population should be used. The goal of this study was to reveal the influence of DNA-polymorphism level
of mouse hepatoma cells MH-22a on their abilities to differentiate upon the growth in the eye anterior chamber
(EAC), to induce apoptosis of splenocytes at cocultivation, and to resist to splenocyte-induced apoptosis. The
DNA-polymorphism was revealed using RAPD-PCR with three random primers. The ability of tumor hepatocytes
for differentiation was determined by transplantation into the EAC of syngenic mice C3HA. The capability for
apoptosis interinduction between tumor hepatocytes and syngenic splenocytes was determined upon cocultivation
in vitro with the use of  electrophoresis of low molecular DNA fractions and by the method of clonal survival. It
was shown that the clonal lines MH-22a with a high level of genetic variability were unable to differentiate if they
are grown in EAC, were stable to apoptosis induction by splenocytes, but could induce apoptosis in splenocytes.
The basic population of tumor hepatocytes and clonal lines characterized by low level of genetic variability diffe-
rentiated during the growth in EAC and had capability for interinduction of apoptosis with syngenic splenocytes.
Key Words: genetic variability, RAPD-PCR, tumor, apoptosis, lymphocytes, differentiation.

Ãåòåðîãåííîñòü îïóõîëåé ïî ðÿäó ïðèçíàêîâ íàðàñòàåò â ïðîöåññå ïðîãðåññèè è îïðåäåëÿåò çëîêà÷åñòâåííîñòü
îïóõîëè â öåëîì. Äëÿ âûÿâëåíèÿ âîçìîæíûõ êîððåëÿöèé ìåæäó îòäåëüíûìè ïðèçíàêàìè íåîáõîäèìî ïðîâåäåíèå
êëîíàëüíîãî àíàëèçà èññëåäóåìîé ïîïóëÿöèè îïóõîëåâûõ êëåòîê. Öåëüþ íàñòîÿùåé ðàáîòû ÿâèëîñü
èñïîëüçîâàíèå êëîíîâûõ ëèíèé ãåïàòîìû ìûøè ÌÃ-22à äëÿ èçó÷åíèÿ âëèÿíèÿ ðàçíîé ñòåïåíè ÄÍÊ-
ïîëèìîðôèçìà îïóõîëåâûõ ãåïàòîöèòîâ íà èõ ñïîñîáíîñòü ê äèôôåðåíöèðîâêå ïðè ðîñòå â ïåðåäíåé êàìåðå
ãëàçà (ÏÊÃ), íà ñïîñîáíîñòü èíäóöèðîâàòü àïîïòîç ñïëåíîöèòîâ ïðè ñîâìåñòíîì êóëüòèâèðîâàíèè, à òàêæå íà
óñòîé÷èâîñòü ê àïîïòîçó, âûçûâàåìîìó ñïëåíîöèòàìè. ÄÍÊ-ïîëèìîðôèçì âûÿâëÿëè ñ ïîìîùüþ RAPD-ÏÖÐ
ñ òðåìÿ ñëó÷àéíûìè ïðàéìåðàìè. Ñïîñîáíîñòü îïóõîëåâûõ ãåïàòîöèòîâ ê äèôôåðåíöèðîâêå îïðåäåëÿëè ïðè
èõ òðàíñïëàíòàöèè â ÏÊÃ ñèíãåííûõ ìûøåé C3HA. Ñïîñîáíîñòü ê âçàèìîèíäóêöèè àïîïòîçà ìåæäó îïóõîëåâûìè
ãåïàòîöèòàìè è ñèíãåííûìè ñïëåíîöèòàìè âûÿâëÿëè ïðè èõ ñîâìåñòíîì êóëüòèâèðîâàíèè in vitro. Íàëè÷èå
àïîïòîçà îïðåäåëÿëè ìåòîäîì ýëåêòðîôîðåçà íèçêîìîëåêóëÿðíûõ ôðàêöèé ÄÍÊ, à â ãåïàòîöèòàõ, êðîìå òîãî,
è ìåòîäîì êëîíîãåííîé âûæèâàåìîñòè. Óñòàíîâëåíî, ÷òî êëîíîâûå ëèíèè ÌÃ-22à ñ âûñîêèì óðîâíåì
ãåíåòè÷åñêîé âàðèàáåëüíîñòè íå ñïîñîáíû ê äèôôåðåíöèðîâêå â ÏÊÃ, óñòîé÷èâû ê àïîïòîçó, âûçûâàåìîìó
ñïëåíîöèòàìè, è îáëàäàþò ñïîñîáíîñòüþ èíäóöèðîâàòü àïîïòîç ñïëåíîöèòîâ. Îñíîâíàÿ ïîïóëÿöèÿ îïóõîëåâûõ
ãåïàòîöèòîâ è êëîíîâûå ëèíèè ñ íèçêèì óðîâíåì ãåíåòè÷åñêîé âàðèàáåëüíîñòè äèôôåðåíöèðóþòñÿ ïðè ðîñòå
â ÏÊÃ è îáëàäàþò ñïîñîáíîñòüþ ê âçàèìîèíäóêöèè àïîïòîçà ñ ñèíãåííûìè ñïëåíîöèòàìè.
Êëþ÷åâûå ñëîâà: ãåíåòè÷åñêàÿ âàðèàáåëüíîñòü, RAPD-PCR, îïóõîëü, àïîïòîç, ëèìôîöèòû, äèôôåðåíöèðîâêà.

bancies occupying only some dozens or hundreds of
nucleotides could be studied effectively only after the
appearance of a method of polymerase chain reaction
(PCR) in its different variations [17]. During the last
decade the first attempts to apply PCR technique on
the study of such disturbances in the tumor cell ge-
nome were made.

Numerous studies of apoptotic events in malignant
cells have shown that apoptosis as the genetically pro-
grammed cell death is implicated also in embryogene-
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sis and normal functioning of organs and tissues as
well as in pathology of different kinds [2, 5, 9, 13]. Thus,
the combined approach in studying apoptosis in ma-
lignant cells is required. Earlier, we have studied pos-
sible relation between genetic variability of tumor cells
and interinduction of apoptosis by PCR with primers
that were homologous to B1 repetitive elements of
mouse [3]. It was shown that the clonal lines of hepato-
ma MH-22a differed in capability for apoptosis interin-
duction upon their cocultivation with splenocytes and
that this capacity correlated with the higher level of ge-
netic variability in clonal lines. The goal of this work
was to study interrelations between quantity of genetic
rearrangements in hepatoma MH-22a clonal lines re-
vealed by RAPD-PCR and their capability for interin-
duction of apoptosis at their cocultivation with synge-
nic splenocytes. RAPD-PCR instead of B1-PCR was
applied for obtaining of higher amounts of amplified
fragments of DNA (AF DNA) in each spectrum and of
DNA fragments with higher molecular masses. Also,
the possible correlation between the quantity of revealed
genetic rearrangements in clonal lines and their ability
to differentiate in vivo upon the growth in the EAC was
examined.

MATERIALS AND METHODS
The cell line of mouse hepatoma MH-22a was ob-

tained from the Cell Cultures Museum of the Institute
of Cytology of the Russian Academy of Sciences (St.
Petersburg, Russia). The cultivation of the hepatoma
cell line was carried out under standard conditions. To
obtain the clones, hepatoma was spread on 25 mm
Petri dishes (250�300 cells/dish), and cultured under
the same conditions as the total basic cell population.

The genetic heterogeneity in the cell population of
MH-22a hepatocytes was revealed by RAPD-PCR. As
primers for RAPD-PCR, three synthetic decanucle-
otides were used: 447 (5′-AACGGTCACG-3′), 452 (5′-
CCGGCTACGG-3′) and 453 (5′-AGCTGCCGGG-
3′) [6]. The total DNA of the hepatocytes was isolated
by the standard procedure [4]. The cell DNA (0.05 µg)
was amplified with each primer (50 pm), Taq-poly-
merase (1.25 unit), dNTP (100 µM), and MgCl2 (2.5 µl)
in reaction buffer (50 µl) during 40 cycles. The thermal
cycling was performed as follows: denaturation at 94 oC
for 30 s, annealing at 40 oC for 1 min, synthesis of DNA
at 72 oC for 1 min. The time of denaturation in the first
cycle and the time of elongation in the last one was
5 min. The products of RAPD-PCR were separated
electrophoretically on 2% agarose gel in Tris-borate
buffer, and the DNA fragments were stained with ethid-
ium bromide. RAPD-PCR probes obtained with primer
but without DNA and with DNA without primer were used
as the controls.

The hepatoma MH-22a and its clonal lines were
transplanted into subcutaneous connective tissue (SCT)
by injection of 106 cells to syngenic C3HA mice. Usu-
ally, the tumors, 1�1.5 cm in diameter, were detected
in 2 weeks. The transplantation of the tumor cells into
the EAC was performed using intraperitoneal Nembutal
narcosis (concentration � 8 mg/ml, 100 µl per mouse).

The eye was washed with a penicillin solution and then
treated with one drop of 1% atropine and one drop of
0.25% dicain after dilatation of pupil for several min.
The suspension of hepatoma cells (25�50 µl) was in-
jected into the EAC using 1 ml syringe. In 15�20 days
after transplantation the growth of transplants was
checked. The tumors were fixed in 10% neutral
paraformaldehyde, passed through ethanol of different
concentrations and embedded in paraffin.

For induction of apoptosis, splenocytes from the
spleen of the 6�9-week old syngenic C3HA male mice
were used. All mice were sacrificed after narcosis. The
experiments for interinduction of apoptosis between
hepatocytes and splenocytes were performed in the
DME medium for 18 h. Splenocytes and hepatocytes
were mixed in the ratio 50:1. Splenocytes and hepato-
cytes cultivated separately for 18 h were used as a
control. The low molecular DNA was isolated by a mod-
ified Hirt�s method [21]. For the detection of the oligo-
nucleosomal DNA fragmentation the electrophoresis in
1% agarose gel was applied.

The level of apoptosis in hepatocytes was evaluat-
ed by the clonal survival test. Approximately 250 tumor
hepatocytes were placed in three Petri dishes after their
cocultivation with splenocytes. The number of clones
was counted, when they reached the diameter 1�2 mm.
Tumor hepatocytes incubated without splenocytes were
used  as the control.

RESULTS
In the basic cell population of hepatoma MH-22a

cells and in its five clonal lines, DNA was studied for
genetic variability with three random primers � 447,
452, and 453. In each case, the spectra of amplified
DNA fragments (AF DNA) consisted of 14�17 AF DNA
and differed in their molecular weight range: for primer
447 � from 300 to 3000 bp, for primer 452 � from 900
to 3000 bp, and for primer 453 � from 450 to 1300 bp
(Fig. 1). The analysis of AF DNA spectra has allowed
to reveale the differences between the fragments with
respect to their variability: the appearance and disap-
pearance of new fragments, the shift of the fragments,
and an increase or decrease of fluorescence level of
AF DNA. According to the data obtained with use of all
three primers both in vitro and in vivo, the most vari-
able DNA fragments were 500, 750, 900, and 1400 bp.

Although similar results were obtained using all three
primers, the most pronounced changes were observed
in the AF DNA spectra obtained with the use of primer
447. To analyze genetic variability, the AF DNA spec-
tra of clonal lines were compared in vitro with the AF
DNA spectrum of the basic cell population MH-22a. It
was shown that the clonal lines differed in the amount
of genetic rearrangements from the basic population
and between themselves (Table). The genetic variability
in the basic population of MH-22a and its clonal lines
were also detected in vivo upon transplantation into the
EAC and SCT (Fig. 2). To detect genetic variability
in vivo, spectra of AF DNA in the EAC and SCT trans-
plants were compared with the AF DNA spectra of the
basic cell population of hepatocytes and clonal lines
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in vitro. It was shown that upon those conditions ge-
netic variability both in basic population of tumor hepa-
tocytes and in clonal lines increased. The only excep-
tion was the clonal line 22/5, in which no changes were
detected (see Table). It was revealed that the level of
genetic rearrangements in the basic population and the
clonal line 22/4 decreased upon the growth in EAC in
comparison with that in SCT; didn�t differ in two clonal
lines, 22/5 and 22/8, and increased in the clonal line
22/6. Next, it was found that both the basic hepatocyte

population and hepatocytes of three clonal lines (22/5,
22/7, and 22/8) were able to differentiate upon the
growth in EAC. The signs of cytotypic differentiation
(large cells, structured nuclei, the light eosinophilic cy-
toplasm, the small number of mitoses) (Fig. 3) and
moderate signs of histotypic differentiation (formation
of clusters of differentiated hepatocytes surrounded by
thin collagen fibers) were observed.

Study of interinduction of apoptosis between tumor
hepatocytes and syngenic splenocytes was carried out
with the same clonal lines of hepatoma MH-22a (see
Table). These experiments revealed that both the ba-
sic population of tumor hepatocytes and all studied
clonal lines were able to induce apoptosis in spleno-
cytes, although intensity of apoptosis in splenocytes
was different. Meanwhile, splenocytes induced apop-
tosis in tumor hepatocytes only in the basic population
and in three of five examined clonal lines, 22/5, 22/7,
and 22/8 (see Table). It is to be noted that apoptosis in
the clonal line 22/7 was detected only by the method of
clonal survival, but not by EF. It is important that in clonal
lines 22/4 and 22/6 negative results were obtained by
the both methods for apoptosis detection used in
present work. Clonal survival in these clonal lines was
99% (Fig. 4).

Table. Genetic variability of MH-22a cells, their capacity to differentiate 
upon the growth in the EAC and to induce/undergo apoptosis upon cocul-
tivation with syngenic splenocytes 

Genetic variability 
of hepatocytes 

Differentiation of 
hepatocytes grown in 

Apoptosis revealed in 

in vivo hepatocytes 

MH-22a cell 
line 

in 
vitro SCT EAC 

SCT EAC 
CS EP 

Spleno-
cytes EP 

Basic population  ++ + - + + + + 
Clonal lines: 
22/4 

+++ ++ + - - - - + 

22/5 - - - - + + + + 
22/6 - ++ +++ - - - - + 
22/7 ++ nd ++ nd + + - + 
22/8 + + + - + nd + + 
In vitro � DNA polymorphism in clonal lines of tumor hepatocytes is esti-
mated in comparison with DNA polymorphism of the basic population of 
MH-22a, taken as zero; In vivo � DNA polymorphism in tumor hepatocytes 
upon the growth in SCT and EAC is estimated in comparison with their DNA 
polymorphism upon the growth in vitro, taken as zero; nd � no determined. 

Fig.1. Electrophoregrams of AF DNA obtained from basic population of MH-22a cells and its clonal lines in vitro. a � primer 447; b �
primer 452; c � primer 453; 1 � liver of C3HA mice; 2 � MH-22a; 3�7 � clonal lines: 3 � 22/4, 4 � 22/5, 5 � 22/6, 6 � 22/7 and
7 � 22/8, M � DNA ladder 100 bp (Fermentas)

1 2 3 4 5 6 7 1 2 3 4 5 6 7 M 1 2 3 4 5 6 7

Fig. 2. Electrophoregrams of amplified DNA fragments obtained from cells of the basic population of MH-22a cells and its clonal lines
after their growth in vivo in SCT and EAC with primer 447: a � basic population of MH-22a; 1 � basic population of MH-22a in vitro,
2 � SCT, 3�9 � EAC; b � clonal line 22/6; 1 � clonal line 22/6 in vitro, 2 � SCT, 3�6 � EAC; c �  clonal line 22/8; 1 � clonal line
22/8 in vitro, 2 � SCT, 3�7 � EAC. M � DNA Ladder 100 bp (Fermentas)

1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6 M 1 2 3 4 5 6 7 M

a b c

a b c
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DISCUSSION
It is well known that in cancerous tissues tumor pro-

gression, dream state of cells or spontaneous regres-
sion of tumor may occur [15, 16, 20]. Among the fac-
tors that determine the fate of tumor cells is the state of
their genome. The intensive investigation of apoptosis
at tumorigenesis has shown that its role on different
stages of the disease beginning from the appearance
of the first atypical cells is unquestionably important,
but it is far from being clear yet. In particular, peculia-
rities of the interinduction of apoptosis between cancer
cells and lymphocytes are poorly studied [10, 14].

The study of the heterogeneity of the hepatoma cell
line MH-22a by clonal analysis has allowed to sup-
pose the possible correlation between the genetic vari-
ability, capability for differentiation at the growth in EAC,
ability to induce apoptosis in splenocytes by tumor
hepatocytes, and the resistance of tumor hepatocytes

to splenocyte-induced apoptosis. The data obtained
may be summarized in the next way:

Clonal lines 22/4 and 22/6 are characterized by high
level of genetic variability; lack of differentiation at
growth in EAC; resistance to the splenocyte-induced
apoptosis; capability for the apoptosis induction in sple-
nocytes.

Basic population, clonal lines 22/5, 22/7, and 22/8
are characterized by low level of genetic variability;
capability for differentiation at growth in EAC; interin-
duction of apoptosis between tumor hepatocytes and
splenocytes.

The data presented point to the general role of ge-
netic variability level among studied features of tumor
cells. The DNA-polymorphism studied by RAPD-PCR
did not allow reveal any definite disturbances in the tu-
mor cell genome; however, it was used as a non-spe-
cific probe that might characterize rearrangements in
genome occupying some hundreds or thousands of
nucleotides [17]. The greater efficiency of the RAPD-
PCR method applied in this study than B1-PCR used
in our previous experiments might be possibly explained
by a higher conservatism and stability of the genome
sites, in which the B1 repeated elements of mouse were
placed [3]. Hence, it may be concluded that even non-
specific genome disturbances affected such biological
characters of tumor cells, as their capabilities for dif-
ferentiation at the growth in the EAC and interinduction
of apoptosis between tumor cells and splenocytes.

Similar results were reported in [6] and demonstrated
the heterogeneity of clonal lines in the genome rear-
rangements; it was suggested that the accumulation of
the genome aberrations could be linked, directly or in-
directly, to tumor progression.

Fig. 3. Transplants of hepatoma MH-22a in SCT (a) and EAC (b). Hematoxylin-eosin, x 400
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In another work [7], hypersensitivity to radiation-in-
duced non-apoptotic and apoptotic death was estab-
lished in cell lines from patients with the chromosome
instability syndrome. Lymphoblastic cell lines from these
patients were characterized by long-term cell cycle
arrest, increased apoptosis, and by the decrease of clo-
nogenicity after irradiation in comparison with normal
tissues. Study of the Hodgkin�Reed�Sternberg cell
line L1236, with the use of cytogenetic analysis, did
not reveal in the cells any specific chromosomal aber-
rations, whereas use of panels of microsatellite loci al-
lowed to find the regions with loss of heterozygocity in
sites of chromosomes 6p, 9q, and 17p [19].

The ability of tumors to suppress components of
immune system, in particular, the capacity of tumor cells
to influence lymphocyte apoptosis, is of special impor-
tance [1, 8, 11, 12]. We showed that the tumor hepato-
cyte population may be heterogeneous in abilities to
induce apoptosis in splenocytes and to undergo sple-
nocyte-induced apoptosis [3, 18]. The heterogeneity
in genetic variability of the studied population of tumor
hepatocytes revealed both B1- and RAPD-PCR is of
great interest, too. We demonstrated that high DNA-
polymorphism in hepatocytes revealed by RAPD-PCR
correlate with capability of tumor hepatocytes for dif-
ferentiation upon the growth in EAC. We hypothesize
that genetic rearrangements in the heterogeneous tu-
mor cell population may lead to the appearance of the
clones that, on one hand, are more stable to the lym-
phocyte-induced apoptosis, while, on the other hand,
become more aggressive to lymphocytes.

REFERENCES
1. Bennett MW, O�Connell J, O�Sullivan GC, Brady C,

Roche D, Collins JK, Shanahan F. The FAS counterattack
in vivo � apoptotic depletion of tumor-infiltrating lympho-
cytes associated with Fas ligand expression by human eso-
phageal carcinoma. J Immunol 1998; 160: 5669�75.

2. Filchenkov AA, Stoika RS. Apoptosis: short histo-
ry, molecular mechanisms, methods of detection and possi-
ble meaning in oncology. Exp Oncol 1996; 18: 435�48.

3. Ginkul LB, Alexandrova SA, Artzibasheva IV,
Shvemberger IN. The genetic variability and apoptosis in
tumor hepatocytes clonal lines. Vopr Oncol 2001; 47: 456�
60 (In Russian).

4. Hogan B, Costantiny F, Lacy E. Manipulating the
mouse embryo. New York: Cold Spring Harbor Lab, 1986.
332 p.

5. Hug H. Fas-mediated apoptosis in tumor formation.
Biol Chem 1997; 378: 1405�12.

6. Keshava C, Keshava N, Zhou G, Whong W-Z,
Ong T. Genomic instability in silica- and cadmium chlo-
ride-transformed BALB/c-3T3 and tumor cell lines by ran-
dom amplified polymorphic DNA analysis. Mutat Res 1999;
425: 117�23.

7. Narayan A, Tuck-Muller C, Weissbecker K,
Smeets D, Ehrlich M. Hypersensitivity to radiation-in-
duced non-apoptotic and apoptotic death in cell lines from
patients with the ICF chromosome instability syndrome.
Mutat Res 2000; 456: 1�15.

8. O�Connell J, Bennett MW, O�Sullivan GC, Collins JK,
Shanahan F. Tha Fas counterattack: cancer as a site of im-
mune privilege. Immunol Today 1999; 20: 46�52.

9. O�Connor R. Survival factors and apoptosis. Adv
Biochem Engin Biotechnol 1998; 62: 137�66.

10. Pinkoski MJ, Green DR. Cloak and dagger in the
avoidance of immune surveillance. Curr Opin Genet Dev
2000; 10: 114�9.

11. Rabinowich H, Reichert TE, Kashii Y, Gast-
man BR, Bell MC, Whiteside TL. Lymphocyte apoptosis
induced by Fas ligand-expressing ovarian carcinoma cells �
implications for altered expression of T-cell receptor in
tumor-associated lymphocytes. J Clin Invest 1998; 101:
2579�88.

12. Reichert TE, Rabinowich H, Johnson JT, White-
side TL. Mechanisms responsible for signaling and func-
tional defects. J Immunother 1998; 21: 295�306.

13. Rinkenberger JL, Korsmeyer SJ. Errors of ho-
meostasis and deregulated apoptosis. Curr Opin Gen Dev
1997; 7: 589�96.

14. Scaffidi C, Kirchhoff S, Krammer PH, Peter ME.
Apoptosis signaling in lymphocytes. Curr Opin Immunol
1999; 11: 277�85.

15. Shvemberger IN. Conversion of malignant cells
into normal ones. Int Rev Cytol 1986; 103: 341�86.

16. Shvemberger IN. Normalization of tumor cells.
Leningrad: Nauka, 1987. 145 p.

17. Shvemberger IN, Alexandrova SA. PCR-detec-
ted genome polymorphism in malignant cell growth. Int
Rev Cytol 2000; 199: 117�60.

18. Shvemberger IN, Gincul LB. Apoptosis: the role
in the normal ontogenesis and pathology. Vopr Oncol 2002;
42 (2): 143�158.

19. Staratschek-Jox A, Thomas RK, Zander T, Mas-
sooudi N, Kornacker M, Bullerdiek J. Loss of heterozy-
gosity in the Hodgkin�Reed�Sternberg cell line L1236.
Br J Cancer 2001; 84: 381�7.

20. Steinbach JP, Weller M. Mechanisms of apoptosis
in central nervous system tumors: application to theory.
Curr Neurol Neurosci Rep 2002; 2: 246�53.

21. Vikhanskaya F. Introduction of wild-type p53 in a
human ovarian cancer cell line not expressing endogenous
p43. Nucleic Acids Res 1994; 22: 1012�7.


