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Abstract

Background: Murine liver tumor cell lines MH-22A and Hepa 1-6 are used regularly in studies working on better treatment options. Even though both cell lines
have been established 40 to 50 year ago, the literature lacks details on their cytogenetic and cytogenomic constitution. Here the corresponding gap in the
literature is closed, as both cell lines have been characterized in detail for their chromosome numbers and content.

Methods: Here we performed the first molecular cytogenetic characterization for the two murine liver tumor cell lines MH-22A and Hepa 1-6 using fluorescence

in situ hybridization and molecular karyotyping.

Results: Both cell lines are (near-)triploid and show numerous chromosome rearrangements leading to expressed copy number alterations. The by molecular
cytogenetics and molecular karyotyping obtained data of the cell lines MH-22A and Hepa 1-6 was in silico (= genome browser based-) translated to the human
genome. This previously successfully applied approach enabled the characterization of MH-22A as a model for hepatoblastoma or early hepatocellular carcinoma

and Hepa 1-6 for (advanced) hepatocellular carcinoma.

Conclusions: The cell lines MH-22A and Hepa 1-6 can now be applied in research in a justified way.
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Introduction

Cancer disorders are a major burden for human society; among them liver
cancer is fifth most leading cause of death worldwide [1,2]. Hepatoma
or hepatocellular carcinoma (HCC) is with ~80% the most common
malignant primary liver tumor in adults [2-4], while hepatoblastoma (HB)
can be found primarily in children with an incidence of 4.3% per year
[5]. Further subgroups of adult liver cancer are fibrolamellar HCC [6],
cholangiocarcinoma [7], angiosarcoma [8] and secondary liver cancer,
i.e. liver metastases from other primary tumors. Chronic viral infection,
overweight and alcohol consumption are the main risk factors for HCC;
besides aflatoxin exposure, iron overload, smoking and oral contraceptives
are thought to play a causative role in HCC initiation [4]. Differences
in hormone-levels and life style may also play a role, as liver cancer is
two-to four-fold more frequent in adult men than in adult women [9,10].
For HB hepatitis infection, maternal estrogen exposure, maternal alcohol
consumption, maternal smoking, or maternal direct or indirect nitrosamines
intake have been identified as risk factors, and outcome is in general much
better than in HCC. In HB 10-year overall survival rate of >80% were already
achieve before the year 1990, based on liver resection and transplantation
and/or chemotherapy [11]. In contrast, treatment strategies for HCC are
still limited and successful treatment means increasing overall survival
of patients for few months only; accordingly, early HCC diagnosis has
still the best influence on prognoses. In HCC surgical resection and liver
transplantation are the only effective treatment options for patients with
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early stage HCC [12]. Besides, chemo and radiotherapy for the majority
of patients with advanced HCC go together with severe side effects.
Therefore, there is a need for more effective medication with less adverse
effects for patients with liver cancer, especially HCC [2,13,14]. Also more
research is necessary, as genetic heterogeneity in liver cancer is observed,
also hampering individualized treatment [3,12,15].

In this context in vitro and/or animal models for HCC but also for HB are
applied [1], e.g. to gain new insights concerning development, metastasis,
and treatment approaches like application of in immune checkpoint
inhibitors and adaptive cell therapies [16,17]. Especially suited are
murine tumor cell lines, like MH-22A or Hepa 1-6, which have the capacity
allow new insight about regulation of tumor related genes and pathways
in HB and HCC [2,17]. Even though the cell lines MH-22A and Hepa 1-6
were established decades ago, information about their cytogenetics/
cytogenomics are scarce. Cell line MH-22A was established at the Institute
of Cytology, Russian Academy of Sciences, St. Petersburg, Russia, from
solid form of murine HCC 22A being induced by 3-methylcholantrene
in C3HA mice [18,19]. Hepa 1-6 originates from cell line Hepa 1, which
was taken into culture in 1980 from the BW7756 tumor, which arose
spontaneously in the C57L/J mouse strain. Hepa 1 cells were then treated
with mutagenes and thus, subclones were derived; chromosome numbers
in Hepa 1 cells were around 67 including 2-4 biarmed chromosomes
[20,21], Hepa 1-6 cells were never studied (cyto)genetically before.

Here the two murine liver cancer cell lines MH-22A and Hepa 1-6 were
studied for the first time molecular cytogenomically. This data was in
silico (= genome browser based-) translated to the human genome. This
approach has been used successfully before [22-27], and characterized
here MH-22A as a model for HB or early HCC and Hepa 1-6 as a model for
(advanced) HCC.

Material and Methods

Murine HCC cell lines
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The murine cell line MH-22A (Passage +4) was purchased from European
Collection of Authenticated Cell Cultures (Salisbury, UK — order# ECACC
96121721) and Hepa 1-6 (Passage 22) was obtained from Cell lines
Service GmbH (Eppelheim, Germany — order# CLS 400474). Cells grow
adherently in RPMI-1640 medium with 2 mM L-glutamine, 10 mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), and 10% fetal-
calf serum in the presence of antibiotics. For this study, the cells were
divided into two portions. Portion 1 was worked up cytogenetically, and
cells from portion 2 were used to extract whole-genomic DNA by Blood and
Cell Culture DNA Midi Kit (Qiagen, Diisseldorf, Germany) as previously
described [24].

According to written statements from the ethical committee (medical
faculty) and the Animal Experimentation Commission of the Friedrich
Schiller University, there are no ethical statements necessary for cases
involving the use of murine tumor-cell lines, like MH-22A and Hepa 1-6.

Molecular cytogenetics

Fluorescence in situ hybridization (FISH) was performed as previously
described [24]. “SkyPaintTM DNA Kit M-10 for Mouse Chromosomes”
(Applied Spectral Imaging, Edingen-Neckarhausen, Germany) was applied
for multicolor-FISH (mFISH) with whole chromosome paints, and murine
chromosome-specific multicolor banding (mch) probe mixes for FISH-
banding. At least 30 metaphases were acquired and analyzed for each
probe set on a Zeiss Axioplan microscope, equipped with ISIS software
(MetaSystems, Altlussheim, Germany). Array-based comparative genomic
hybridization (aCGH) was completed according to standard procedures with
“SurePrint G3 Mouse CGH Microarray, 4 x 180 K" (Agilent Technologies,
Santa Clara, CA, USA).

Data analysis

The regions of imbalances and breakpoints in MH-22A and Hepa 1-6 were
characterized after analyses of aCGH and mcb data, and aligned with
their human homologous regions using Ensembl Genome Browser, as
previously described [24].

The data we obtained compared with the most known gene alteration for
human HCC according to the literature [25-29].

Results

Molecular cytogenetics

MH-22A: In MH-22A metaphases were hypotriploid and had the following
composite karyotype:

56~57<3n>,XX,-X  or Y,der(2)(A1—B::B—A3::C3—H1::H1—H4),der(5)
(A1—>G3::G3—F::F1—12qter),+3,dic(5)(A1—>C1::C1—»AL:CEN:A1—B
1~3:),der(5)t(5;12)(F1;F1),+dic(5;15)(12F2—12F1::5F—5G3::CEN::CEN
:15A1—15qter),+dic(6;17)(A1;A1),der(12)(A1—B1::A1.2—B1:),del(13)
(D1D2.3),der(14)(4A1—14D1::14C1—14D1::7D3—7E3::7?E3~F1::77E1:
:14C2—14C3::18B3—18E4),-14,-16,der(16)(A1—C3::B1—C4),-18

A representative cytogenomic view on the MH-22A karyotype is shown in
Figure 1.
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Figure 1. Murine multicolor banding (mcb) as applied on cell line MH-22A.
The typical pseudocolor banding for all 20 different murine chromosomes
is shown. This figure depicts the summary of 20 chromosome-specific
fluorescence in situ hybridization (FISH)-experiments. Four translocations
consisting of two different chromosomes, each, are highlighted by frames
in this summarizing karyogram.

Hepa 1-6: Hepa 1-6 cell line was mitotically more unstable than MH-22A
and had a hypertriploid karyotype comprising 68-71 chromosomes per
metaphase; composite karyotype (representative cytogenomic result see
Figure 2) reads as follows:

Figure 2. Murine mcb as applied to the murine Hepa 1-6 cell line.

68~71<3n>,X,del(X)(A3A7),+der(X)t(X;2)(A3;A3),+der(X)t(X;13)
(A3;A1),+der(X)t(X;13)(A3;A1),+der(X)t(X;13)(A3;Al1),+der(X)t(X;13)
(A3;C1),dic(1;8)(A1;A1),+dic(1;8)(A1;A1),-2,-2,der(4)t(4;16)(4A1—4C3::4
C7—4E2::16B5—16Cqter),del(4)(D2E2)x1~2,der(5)t(2;5)(A2;G2),+del(6)
(A2F1),+6,-8,+10,+11,-13,-13,-13,der(14)t(2;14)(H2;D2),del(14)(A3E4)
x1~2,dic(15)(15qter—15F1:cen:156A1—15F3::15F3—15A1::2G1—2qter
),+idic(15)(7qter—7F2::15F1—15A1::15A1—15A1::7F2—7qter),+18,+d
el(18)(D1),der(19)t(5;19;5)(F;D2),+der(19)t(5;19;5)(F;D2),+der(19)t(5;19)
(F;D2). aCGH

After comparison with aCGH data which was in concordance with FISH
results, the final karyotype with the gains, loss and breakpoints for MH-22A
and Hepa 1-6 cell lines could be summarized in Figure 3. These results
were translated to the corresponding homologous regions in the human
genome as depicted in Figure 4. All included imbalances in the evaluation
were larger than 3.5 mega base pairs.
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Figure 3. aCGH results for MH-22A and Hepa 1-6. Copy number variations
detected in MH-22A (A) and Hepa 1-6 (B) are summarized here with
respect to a triploid-basic karyotype. Gains are depicted as green bars (one
more copy=light green; two more copies=dark green), loss of one copy is
depicted as a red bar and loss of two copies is depicted as a dark-red bar.
Breaks are registered here as arrows.

Data-analyses

The common aberrations and cytogenetic changes that frequently occur
in HB (Table 1), HCC (Table 2) [28,29], cholangiocarcinoma (Table 3) [7],
and fibrolamellar HCC (Table 4) [6] were compared to the copy number
alterations detected in Hepa 1-6 and MH-22A (Figure 4; Suppl. Table). No
corresponding data was available for angiosarcoma, and liver metastases
originating from other primary cancers were not taken into account here.



Thomas Liehr et al.

J Genet Genom, Volume 5:1, 2021

=

e
A
mea HOER
L)

)
pry=

®
BE BE E¥p¥Iza
Br ’

Biany

8 azz™

B2Es
"

g =
MR

X

= dahs

FIRD
P =

Y MR

' ITH] | 13 2 1na
212 211 el 132
i m O em e B
M 2 H - 212 e 1
= 2 = b = st B2 _|
13 16 17 18 19 20 21
B = i
ECH
- bl gz
- TE I
c R~
« 0>z T el@oh
- 2
- 2 = | ! o
H
E? i -l Ii 3
7 E] 131
2 143 12 123
22 212 212
. N 131 .
2 41 133 o
a3 »
2! e-3] 2 -
323 24 »
322 it 5T 3.2
“s 3 3 2
8 e = .
3
R = N N
2 2 I =y
22 & 1.1
= B, BB EEm
a 242 = #
3
= Rz A A

-

___
Ly

e NNIo g
-

bl

Figure 4. Results of in silico translation for MH-22A and Hepa 1-6 to human genome. Imbalances present in in MH-22A (A) and Hepa 1-6 (B) were ‘translated’
to the corresponding homologous regions in human. As before, gains are depicted as green bars (one more copy=light green; two more copies=dark green)
loss are depicted as red bars (one more copy=light red bar; two more copies=dark-red). Breaks are registered here as arrows.

Accordingly, MH-22A has 5/9 CNVs (55%) being typical for HB and
6/12 being typical for HCC (50%), while Hepa 1-6 has 7/9 copy number
alterations typical for HB (78%) and 8/12 for HCC (67%). Also MH-22A
and Hepa 1-6 have 6/23 CNVs (26%) and 13/23 (56%) being typical for
cholangiocarcinoma (Table 3), and 4/14 (27%) and 8/15 (53%) like in
fibrolamellar HCC (Table 4).

Chromosome | Type of MH-22A Hepa 1-6
aberration

1q gain - +

2 gain (+) +

4q loss +) (+

7q34 gain + -

8q gain - +
14q11.2 gain + -

17q gain - +
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20q gain (+) +
22 gain - +
Sum of concordance of CNVs for | 5/9 719
HB

Table 1. MH-22A and Hepa 1-6 compared to human hepatoblastoma.
The copy number alterations in MH-22A and Hepa 1-6 are compared
to those observed in HB (according to [28] and [29]). Abbreviations:
+= full concordance; (+)= partial concordance (still to be evaluated as
concordance); -= no concordance.

Chromosome | Type of MH-22A Hepa 1-6
aberration

1p loss - +

1q gain - +

4q loss (+) (+)

6q loss (+) (gain)
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7q31 gain + .
8p loss (+) (+)

8q gain - +
11913 gain (+) +

13q loss + +

16q loss - (gain)
17p loss - (gain)
17q gain - +
Sum of concordance of CNVs for | 6/12 8/12
HCC

Table 2. MH-22A and Hepa 1-6 compared to human hepatocellular
carcinoma. The copy number alterations in MH-22A and Hepa 1-6
are compared to those observed in HCC (according to [28] and [29]).
Abbreviations: + = full concordance; (+) = partial concordance (still to be
evaluated as concordance); - = no concordance; (gain) = instead of loss
here observed a gain.

Chromosome | Type of MH-22A Hepa 1-6
aberration
1p13.3~21 gain - +
1921 gain - +
1g31.1~32.1 gain - +
5q34~qter gain - +
Tp22 gain + -
7q11.2 gain + -
7922.1 gain + -
9g33~qter gain + -
11912.2~13.4 gain - +
11923.1~qter gain - -
12p13 gain + +
12q13 gain - +
12q23qter gain (loss) -
16 gain - +
17 gain - +
19p gain - +
19q gain - -
20q gain (+) +
21922.2~qter gain (loss) +
229 gain - +
1925.3~35.2 loss - -
6 loss - -
17921.3~22 loss - -
Sum of concordance of CNVs for | 6/23 13/23
cholangiocarcinoma

Table 3. MH-22A and Hepa 1-6 compared to human cholangiocarcinoma.
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The copy number alterations in MH-22A and Hepa 1-6 are compared to
those observed in cholangiocarcinoma (according to [7]). Abbreviations:
+= full concordance; (+)= partial concordance (still to be evaluated as
concordance); -= no concordance; (loss)= instead of gain here observed
a loss.

Chromosome | Type of MH-22A Hepa 1-6
aberration

1q gain - +

6q27 gain - -

8q24 gain - +

17925.3 gain - +

22q gain - +

1p36.33 loss + +

4p loss +) +

4q loss (+) (+)

8p21.3 loss + +

11p15.5 loss - -

17 loss - (gain)

19p loss - (gain)

19q loss - -

20 loss - (gain)

22q loss - (gain)

Sum of concordance of CNVs for | 4/15 8/15

fibrolamellar HCC

Table 4. MH-22A and Hepa 1-6 compared to human fibrolamellar
hepatocellular carcinoma. The copy number alterations in MH-22A and
Hepa 1-6 are compared to those observed in fibrolamellar HCC (according
to [6]).

Discussion

The study performed here in murine liver cancer cell lines was based
on molecular cytogenetics and aCGH. Based on molecular cytogenetics
the modal chromosome numbers of the cell lines could be determined as
triploid. In aCGH it is technically impossible to determine the ploidy status
without cytogenetic information and data-interpretation for aCGH can only
be done correctly by combining results from the two approaches as done
here and previously [22-27]. Accordingly, first lesion to learn from this
study in connection with “Studies on the Pathogenesis of Chromosome
Rearrangement” being the topic of this special issue is to remember, that no
cytogenomic approach can stand alone. Each approach has its restrictions
and can only be interpreted correctly in connection with others.

Liver cancer has several subtypes, specified as HCC, fibrolamellar HCC,
cholangiocarcinoma, angiosarcoma, secondary liver cancer and HB [5-
8,11,28,29]. As available animal models like the liver tumor cell lines MH-
22A and Hepa 1-6 were never characterized in detail genetically before,
and also they were established 40 to 50 years ago and karyotype evolution
could have taken place, this study was undertaken. Its goal was to provide
insights for which liver cancer subtype the 2 cell lines may be suited as
models. The here the applied scheme was successfully applied already in
several previous studies [22-27].

Clinically most important liver cancer are childhood HB and adult HCC.
According to the data from Tables 1-4 one can carefully deduce that MH-
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22A, being established from a tumor reported as HCC at least 50 years ago,
shows more genetic similarities to HB than HCC. In detail, MH-22A has
aberration in common to human HB to 55%, human HCC to 50%, human
fibrolamellar HCC to 27% and human cholangiocarcinom to 26%. So the
best match of MH-22A is to human HB, even though (early stage) HCC
could also be considered.

For Hepa 1-6, an about 40 year old cell ling, this comparison shows that it
can be best considered to be a model for HCC. This is even as Hepa 1-6
has 7/9 copy number alterations typical for HB (= 78%) and only 7/12 (67%)
in common for HCC. However, in Hepa 1-6, there are 8 versus 7 frequent
chromosomal rearrangements in common for HCC and HB, respectively.
Additionally, chromosomal aberrations are much less frequent in HB than
in HCC; according to Buendia [28] and Luo [29] it would be very unusual
for an HB to show the 8 in Table 1 mentioned aberrations simultaneously
as present in Hepa 1-6, and besides also many other chromosomal
rearrangements. The rates of common copy number variations of Hepa
1-6 with cholangiocarcinoma (56%) and fibrolamellar HCC (53%) are even
smaller than for HCC (67%). Overall, Hepa 1-6 is interpreted to be most
likely a model for advanced HCC.

Interestingly, the chromosome constitution of Hepa 1-6 seems not to differ
significantly from that described for Hepa-1 by Darlington et al. in 1980
[21]: (i) here in this study 68 to 71 chromosomes were found, while in that
research from 1980 [21] 67 chromosomes were described; (ii) in 1980 2-4
biarmed chromosomes were reported [21] — here again 4 such chromosomes
could be found as two times dic(1;8)(A1;Al), dic(15)(15qter—15F1:cen
:15A1—15F3::15F3—15A1::2G1—2qter), and idic(15)(7qter—
7F2::15F1—15A1::156A1—15A1::7F2—7qter). Accordingly, it is surprising
that murine tumor cell lines shown much correspondence to human tumors
in terms of chromosomal imbalances, but the pathogenesis of chromosome
rearrangements seems to be a fundamentally different one [30]. Especially
the chromosomal stability of murine tumor cell lines is striking and has
been shown repeatedly [22-27]. For human tumors and tumor cell lines
tremendous chromosome instability with ongoing karyotype evolution is
reported [31]. Similarly human tumor cell lines being established decades
ago are never chromosomally stable over longer times [31-33]; this is even
the case for human non-tumor cell lines [34-36].

CONCLUSION

Molecular cytogenetic studies to determine chromosome numbers and
rearrangements, including genomic imbalances, are necessary and
fundamental studies, without them more sophisticated studies dealing with
tumor initiation, progression or even treatment cannot be carried out in a
meaningful way.
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