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Establishment and Characterization of Mouse Leukemia Cell Lines L615K and
L7212K Derived from Transplantable Murine Leukemias Maintained in China
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Two culture cell lines L6X5K and L7212K were established from transplanted murine leukemias L615
and 1.7212, which had been established and maintained in China for years. Based on morphological,
immunological and gene rearrangement analyses, L7212K cells are considered to be of T-cell origin
while L615K cells might be immature T-cells, Immunofluorescence assays of viable leukemia cells and
fluorescence focus assays of their culture supernate for infectious viruses suggested that recombinant
mink cell focus-inducing viruses were significantly involved in both leukemic cell lines. Chromosome
analysis of the L615K cells revealed a translocation t(12;17) which probably involved the c-fos locus
on chromosome 12, since the DNA rearrangement of c-fos was demonstrated by Southern blot analysis
with Hind III, and c-fos has been assigned to this chromosome, Although the expression of this gene
was not detected by RINA Northern blot analysis, e-myc was slightly expressed in both L615K and

L7212K cells.
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Two transplantable leukemias L615 and L7212" were
established and maintained in vivo in China. L615 was a
transplantable leukemia line originally derived from a
spontaneous leukemia in the Kunming strain of mice
(derived from domestic Chinese wild mice). A splenic
cell suspension from the leukemic mouse was sub-
cutaneously injected into a Fab mouse and a so-called
reticulum cell sarcoma was obtained. A cell suspension of
the induced tumor was intraperitoneally injected into a
Kunming mouse, and an ascites form of reticuium cell
sarcoma (ARS) was established. When the cell-free ARS
extract containing C-type virus particles was sub-
cutaneously injected into newborn Kunming mice, the
injected mice regularly developed leukemia. The leuke-
mia was associated with a marked enlargement of the
liver, spleen, and lymph nodes, and was named Jin-638
leukemia. The cell-free extract of Jin-638 leukemia was
then injected into newborn syngeneic mice (613 strain)
and this induced the same type of leukemia. The leuke-
mia was maintained by serial transplantation in syn-
geneic adult mice and named L615 by You et al L7212
is a transplantable leukemia obtained by subcutaneous
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transplantation of cells from the spleen of a spontaneous
leukemia which developed in a 615 mouse in 1972.%7

Several 615 mice with transplanted 1.615 and 1.7212
cells were transported to the Department of Pathology at
Kobe University and used for further analyses.

Since the leukemia lines were established in domestic
Chinese mice and China had been an almost closed
country for a long time after World War II, it was
deemed interesting to analyze the retroviral aspects of
these leukemias in order to determine the genetic and
evolutionary relationship between Chinese mice and
other laboratory mouse strains.

To facilitate genetic and retroviral analyses in vitro,
permanent cultured cell lines were established from 1.615
and L7212 leukemias, and morphological and chro-
mosomal studies, Southern and Northern analyses of
some c-onc, and viral analyses of these cells were
performed.

MATERIALS AND METHODS

Cell culture Cell culture was initiated from the leukemic
spleen of mice transplanted with each of 1615 and L7212
leukemia cells. Spleens were minced with scissors and
cells were suspended in Iscove’s modified Dulbecco’s
culture medium (IMDM) and passed through a No. 80
stainless steel mesh. The cells were cultured in IMDM
{Flow Labo., Utah) supplemented with 15% fetal bovine
serum (FBS) (HyClone Labo., Logan, Scotland} in 60
mm Petri dishes (Falcon, Oxnard, Calif.). At the begin-



ning of cell culture, a 15% conditioned medium (CM)
prepared from the thymus of a Balb/c mouse was added
and half of the medium was changed every 4 days. After
the establishment of the two leukemia cell lines, they
were maintained in RPMI1640 medium (Flow Labo.,
Irvine, Scotland) supplemented with 20% FBS.

Colony formation in soft agar Cultured cells were seeded
in 0.3% soft agar on 0.5% hard base agar. The number
of colonies was counted on days 10-13.

Chromosome analysis Metaphase spreads were prepared
from cultured cells by adding colcemid for 2 h. Trypsin-
(Giemsa-banding was carried out and chromosomes were
identified; the nomenclature is that used for banded
mouse chromosomes.”

Immunofluorescence (IF) assays To characterize pheno-
typic markers of the leukemic cell lines, IF studies were
performed using FITC-conjugated monoclonal anti-Thy
1.2, anti-Lyt 1, anti-Lyt 2 antibodies (Becton Dickinson
Immunocytochemistry Systems, Mountain View, Calif.),
anti-L3T4 (kindly supplied by Dr. T. Tokuhisa) and the
monoclonal anti-Mac 1 antibody (clone M1/70, Bio-
products for Science, Inc., Indianapolis, Ind.).
Detection of cell surface retroviral antigens and titration
of infectious retroviruses Expression of murine leukemia
viral (MuL¥) structural proteins on the surface of the
leukemia cell lines was analyzed using a panel of anti-
MuLV monoclonal antibodies.” The culture supernatant
from the leukemia cells was titrated for infectious eco-
tropic, xenotropic, and mink cell focus-inducing (MCF)
viruses by a fluorescent focus assay using several type-
specific monoclonal antibodies.” Infections ecotropic

and xenotropic retroviruses were also titrated by XC-
12}

plaque assay'” and MiCll focus induction assays,'? re-
spectively.
Electronmicroscopy  The iransplanted subcutaneous

tumors and spleen, and cultured cells were fixed in 5%
glutaraldehyde, washed in 0.2 M phosphate buffer, post-
fixed in 19 osmium tetroxide, dehydrated in graded
alcohols, cleared in propylene oxide and embedded in an
epoxy-resin mixture. The ultrathin sections were ex-
amined with a 1200EX electron microscope (Japan Elec-
tron Microscopy Co.) after heavy metal staining.

Southern blot analysis High-molecular genomic DNA
was extracted from subcutaneous tumors and cultured
L615K and L7212K cells. DNA was digested with either
EcoRI, BamHI, or Hind III, or on the other hand, either
EcoRI, Hind III, or Pvu II for immunoglobulin and
T-cell receptor S-chain probes, subjected to electropho-
resis in a 0.7% agarose gel and transferred to Nylon
membranes (Pall, Biodyne, N.Y.) by Southern blot-
ting.'"¥ The membranes were baked at 80°C for 2 h and
hybridized with *P-labeled probes in buffer (5x SSPE,
10X Denhardt’s, 0.2% SDS and (.1 mg/ml of denatured
salmon sperm DNA) at 65°C for 14-20 h. After hybrid-
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ization, filters were washed in 5 mM NaH,PO., 1 mM
EDTA, 0.2% SDS (pH 7.0) at rcom temperature. Auto-
radiography was performed using X-ray film (Fuji RX,
Tokyo) and an intensifying screen (Du Pont, Boston,
Mass.) at —80°C overnight.

RNA blot hybridization Total cytoplasmic RNA was
extracted from cultured cells by the guanidine
thiocyanate method." Total RNA (20 ug in each lane)
was run in a gel in 1.0% phosphate buffer after glyoxal
treatment, transferred'™ to a Nylon membrane by the
method of Southern, and hybridized with the labeled
probe DNAs.

Radioisotope labeling of probes Ha-ras (0.55 kb), p-fos-
1 (L3kb), pMYC3 (1.5 kb), pABSubIII (2.3 kb), mouse
T-cell receptor S-chain probe (RBL-5 ¢cDNA)'® and J
region probe of mouse immunoglobulin heavy chain
(IgJu4) were used for labeling. They were labeled with
2P.dCTP (3000 Ci/mmol, Amersham PB10205) by
either the nick translation' or the primer extension
(Amersham Multiprime Kit) method. The specific activ-
ity of labeled DNA was 2-5 %< 10° epm/ug.

RESULTS

Establishment of cultured cell lines The L615 leukemia
cells staried to grow without CM 4 weeks after the start
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Fig. 1. Growth curves of L615K (O) and L7212K (e)
cultured cells. Different numbers of both cell lines were seeded
in 60 mm Petri dishes and cell numbers were counted every day.
The data are the averages of three different experiments.
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of the culture. On the other hand, the 17212 cells did not
become CM-independent for a long time. The CM-
independence was induced by gradually decreasing the
CM. After 4 months, L7212 cells started to grow without
CM. The established leukemia cell lines, distinguished
from the original transplantable leukemia cell lines and
designated as L615K and L7212K, respectively, were
maintained in RPMI1640 medium supplemented with
10-15% FBS. The L615K cells grew mostly as single cell
suspensions, and about 209% were spindle-shaped cells
attached to Petri dishes. The L7212K cells grew only as
single cell suspensions. The growth curves of the L615K
and L7212K cells are shown in Fig. 1. When 8 x 10* cells
per ml were seeded, the doubling time of L615K was 16.3
h and that of L7212K was 21.9 h.

Macroscopic and microscopic findings of L615K and
L7212K The macroscopic manifestations of the leuke-
mia caused by the injection of these two cell lines were
essentially identical. Marked hepatosplenomegaly and
lymph node enlargement were found in leukemic mice
within several weeks after transplantation. No thymic

Bk,

Fig. 2. Electronmicroscopic examination of cultured L615K
(A) and L7212K (B) cells. A: Numerous C-type virus particles
were observed in the extracellular space in the L615K cell line,
x48,000. B: No virus particle was found in the L7212K cell
line, X 6,000.
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enlargement was observed in any of the animals,
Hematoxylin-eosin staining of sections from involved
tissues showed proliferation of medium-sized, round or
polymorphic cells. Many mitoses indicated rapid pro-
liferation of leukemia cells. Most organs in recipient mice
were markedly infiltrated with leukemia cells within 6
days after transplantation, indicating direct migration of
the injected leukemia cells. Both cells were positive for
nonspecific esterase activity using a-naphthyl acetate as

Table I. Colony Formation in Soft Agar without CM
No. of cells Coleny No. (plating efficiency %)
seeded (plate) L615K L7212K
x10° 117 (11.7) 86 (3.6)
> 10?2 19 (15.0) 13 (13.0)

Cells were seeded in soft agar (0.3%) onto hard base agar
(0.5%) in 60 mm Petri dishes (Falcon). Colony numbers are
averages of three independent experiments.

B

Fig. 3. Different types of colonies formed by L615K {A) and
L7212K (B} in soft agar. A: L615K cells formed disperse-type
colonies probably due to the locomotion of cells at the periph-
ery, X135 B: L7212K cells formed compact-type colonies,
> 30.



the substrate and negative for peroxidase staining and
non-specific esterase activity using naphthyl butyrate as
the substrate.

Electronmicroscopy Many C-type virus particles were
found electronmicroscopically around the L615K cells
and many A-type particles within the cytoplasm (Fig. 2
A). The cells were considered to be lymphoid cells be-
cause of the lack in cisternae of rough endoplasmic
reticulum and the presence of many free ribosomes and
glycogen particles within the cytoplasm. On the other
hand, no virus particle was observed in or around the
L7212K cells (Fig. 2B).

Colony formation in soft agar The two lines showed
different characteristics in cell growth, cell attachment
and colony structure when they were seeded in soft agar.
The cloning efficiency of both cell lines is shown in Table
I. L615K cells formed a dispersed colony (Fig. 3A)
probably due to cell movement, while L7212K cells
formed a compact colony (Fig. 3B). The dispersed col-
onies were smeared on glass and stained with Giemsa
solution. Although cells from dispersed colonies usually
showed differentiation towards myeloid cells, their mor-
phology was that of undifferentiated blast cells, similar to
the mass-cultured L615K cells,

16 17
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Cell surface markers Most of the L7212K cells were
positive for Thy 1.2, while 409% of L615K cells were
positive for this antigen in IF assays. The lower expres-
sion of Thy 1.2 with L615K cells was due to the hetero-
geneity of the latter cell line because Thy 1.2-positive and
negative sublines could be established by cloning of the
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Fig. 5. Partial karyotypes (G-banding) of L615K and L7212K
cells. Figure 5A shows the partially deleted #12 chromosome
translocated to #17 chromosome. Figure 5B shows #8 trisomy
(upper lane) and t(8;12) marker chromosome (lower lane)
observed in L7212K cells.

Fig. 4. The G-banded karyotype of L615K, showing 40XY,+t(12;17),— 14. A metacentric marker

chromosome is characteristic.
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Table II. Reactivities of Several Type-specific Anti-MulV
Monoclonal Antibodies to Live L615K and L7212K Cells
Antibody Vi.rus. Immunoftuorescence® Reference
specificity Lé615K L7212K
18-6  Xenotropic - - 9)
24-6  Xenotropic — - (%)
603 Xenotropic - — (19
613 Xenotropic — — (19)
24-8  Endogenous - NT )]
ecotropic
48 Exogenous Friend - NT (18)
ecotropic
500 Exogenous Friend- - NT (18)
Moloney-Rausher
ecotropic
502  MCF? + + (18)
514 MCF + + {18)
a) +, positive immunofluorescence; --, no detectable

immunofluorescence; NT, not tested.
b) Mink cell-focus inducing virus.

originai L615K cells. Most of the L7212K and L615K
cells were positive for L3T4. On the other hand, no
expression of Lyt 1, Lyt 2, Mac 1, or immunoglobulins
was detectable on the surface of cells of both leukemia
lines.
Chromosomal changes Chromosome numbers were dis-
tributed from 37 to 42 in the L615K line and from 38 to
42 in L7212K line. The modal chromosome number in
the L615K line (50% metaphases) was 40 and that in
the 7212K line (60% metaphases) was 41, According to
the G-band analysis of chromosomes, the karyotype of
L615K was 40,XY, +t(12;inv.17), — 14 (Figs. 4 and 5A).
One of the trisomic 12 chromosomes was translocated
to chromosome #17, and the proximal segment of the
tanslocated segment around the centromere was in-
verted, On the other hand, L7212K showed mosaicism of
41,XX,+ 8 (Fig. 5B, upper lane) and 40XX,t(8;12),— 12
(Fig. 5B, lower lane) with the rate of the former
karyotype being 77%.
Expression of MuLV structural proteins and production
of infections MuLVs Most of the L615K and L7212K
cells expressed the envelope antigen of MCF virus on
their surface, and this was detectable with type-specific
monoclonal antibodies 502 and 514."® They also ex-
pressed the envelope antigen specific to ecotropic Mul.V
but not the envelope antigens of common endogenous
ecotropic (N-tropic) MuLVs, xenotropic MuLVs, and
exogenous Friend-Moloney-Rausher viruses as shown by
IF assays (Table II).

In initial assays using XC-plaque and MIiCll focus
induction techniques, we could detect only a very low
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Fig. 6. Southern and Northern blot analyses of the L615K
and L7212K cultured cells. The 2.2 kb band was deleted and
the intensity of the 7.3 kb band increased in L6I15K cells
relative to mouse liver (control) and L7212K using v-fos-
specific probe. The increased c-myc expression was observed in
both L615K and L7212K cultured leukemia cells in the North-
ern blot. L615T was obtained from a transplantable subcutane-
ous tumor. :

titer (600 PFU/ml) of infectious ecotropic viruses and a
similar amount (600 PFU/ml) infectious xenotropic
viruses in the culture supernate of the L615K cells, but
not in that of the L7212K cells. Further titration by
fluorescent focus assays using type-specific monoclonal
antibodies revealed the preduction of a large amount
(5,000 to 17,000 PFU/ml) of infectious MCF viruses
from L615K cells which could be detected almost exclu-
sively on Mus dunni cells.”® However, even with these
sensitive focus assays no infectious MCF viruses were
detectable from L7212K cells.

Southern blot analysis The Hind III fragments of 7.3
and 2.2 kb size were normally hybridized with v-fos-
specific probe in Southern blot analysis. The 2.2 kb band
was deleted and the 7.3 kb band increased in intensity
with L615 cells (Fig. 6, Southern). No other band abnor-
mality was observed after digestion with other restriction
£NZymes.

The rearrangement of T-cell receptor S-chain gene in
both cell lines was observed by digestion with EcoRI,
Hind 111, and Pyy 11, relative to the control liver. On the
other hand, immunoglobulin heavy chain gene was not
rearranged in either of the cell lines (data not shown).
RNA blot analysis The expression of the c-myc gene was
also detected by Northern blot hybridization with total

- RNA of the L615K and L7212K cells (Fig. 6, North-

ern). C-fos transcript was not detected by blot analysis of



total RNA (data not shown). Transcripts of other c-oncs
such as c-Ha-ras and c-abl were also not detected (data
not shown).

DISCUSSION

For the establishment of cultured lines, hematopoiesis-
inducing microenvironments play an important role.*"
We added CM at the beginning of cell culture and the
CM-independence of L7212K cells was induced by grad-
vally decreasing the CM.

In terms of expression of Thy 1.2, cell attachment to

culture dishes, and colony morphology, the L615K and
L7212K cells revealed different characteristics. Although
neither cell line expressed a detectable amount of Lyt 1 or
Lyt 2 markers, it is reasonable to conclude that both cell
lines are derived from a T-cell lineage because they were
Thy 1.2 and L3T4 positive, Mac 1 negative, and showed
rearrangement of T-cell receptor S-chain.
- Originally, the Bj chromosome or Rob(6;7) was
recognized in L615 cells.”” None of these was observed,
but a new marker t(12;17) appeared in L615K cells. It is
possible, therefore, that a minor cell population with
1(12;17) was selected and became predominant during
the long-term, in vivo passage. L7212K showed 41XX, +8
as previously reported in China.” The marker t(12;17)
probably involves c-fos since the mouse c-fos is assigned
to chromosome #12, as shown by somatic hybridization
analysis.”” This gene is often related to the differentiation
of hemopoietic cells.”

From the evidence of DNA rearrangement of ¢-fos in
L615SK cells shown by Southern blot analysis, the
rearrangement of c-fos by t(12;17) is suspected, although
a secondary rearrangment of c-fos cannot be excluded
from the evidence of an associated chromosomal inver-
sion. Although both cell lines had a marker chromosome
related to chromosome 12 and the immunoglobulin
heavy chain gene is known to be localized on chromo-
some 12, those markers consisted of ceniric fusion but
not reciprocal translocation. So these chromosome ab-
normalities might not imply the activation of c-myc or
rearrangement of immunoglobulin heavy chain gene.
There are several reports concerning the relationship
between viral integration and c-onc activation.***® The
c-onc activation in L615K could also be caused by the
integration of the proviral genome near the c-one loci.
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