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Leukemias are refractory hematopoietic malignancies, for which the development of new
therapeutic agents requires in vivo studies using tumor-bearing mouse models. Although
several organs are commonly examined in such studies to evaluate the disease course, the
effectiveness of interventions and the localization of tumor cells in the affected organs are
still unclear. In this study, we histologically examined the distribution of leukemia cells in
several organs using two leukemic mouse models produced by the administration of two cell
lines (THP-1, a human myelomonocytic leukemia, and A20, a mouse B cell leukemia/
lymphoma) to severe immunodeficient mice. Survival of the mice depended on the tumor
burden. Although A20 and THP-1 tumor cells massively infiltrated the parenchyma of the
liver and spleen at 21 days after transplantation, A20 cells were hardly found in connective
tissues in Glisson’s capsule in the liver as compared with THP-1 cells. In the bone marrow,
there was more severe infiltration of A20 cells than THP-1 cells. THP-1 and A20 cells were
widely spread in the lungs, but were rarely observed in the small intestine. These findings
suggest that each leukemia model has a unique localization of tumor cells in several
affected organs, which could critically affect the disease course and the efficacy of
therapeutic agents, including cellular immunotherapies.
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I. Introduction

Acute leukemias are common hematopoietic malig-
nancies characterized by the uncontrollable expansion of
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blast cells in the bone marrow, peripheral blood, and other
organs [6]. Common types of acute leukemia include acute
myeloid leukemia (AML) and acute lymphocytic leukemia
(ALL), and recent estimates of their incidence from the
National Cancer Institute Surveillance Research Program
were 4.3 per 100,000 and 1.7 per 100,000, respectively
[20]. Despite the expansion of treatment strategies includ-
ing molecular-targeted or immune therapies, the cure rate
remains low, at only 20 to 40 % [6, 10]. In vivo animal
leukemia models have been important tools for understand-
ing the biology of leukemia, developing new therapeutic
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agents and making advances in leukemia research.

There are several methods for inducing leukemias in
mice, such as by chemical, radiation, viral, transposon, or
transgenic techniques, or by the administration of tumor
cells [25]. Among these, tumor injection into severe
immunodeficient mice is a relatively simple and easy way
to develop leukemia mouse models. Irradiated immuno-
deficient mice have an immune system that is insufficient
to reject transplanted primary human normal hematopoietic
cells. Since the late 19th century, leukemia mouse models
have been developed and congenitally immunodeficient
mice, such as severe immunodeficient (SCID), NOG
(nonobese diabetic/severe combined immunodeficient;
NOD/Scid/IL2Rynull), NSG (NOD/Scid/IL2Rynull), and
NOJ (NOD/Scid/Jak3null) mice, have been discovered. Not
only T and B cells, but also natural killer (NK) cells are
disrupted in these severe immunodeficient NSG and NOG
mice, so that xenograft can be easily engrafted into a host
compared to nude or SCID mice [11, 13, 14, 23].

We formerly analyzed the pathogenesis of graft-
versus-host disease (GVHD), which is a critical adverse
event after transplantation for refractory leukemias, using
xenogeneic humanized NOG mouse models [16, 17]. To
induce GVHD, NOG mice were intravenously (i.v.)
administered human peripheral blood mononuclear cells
(PBMCs) following irradiation. In those studies, we
demonstrated the localization of invaded human PBMC in
host mouse tissues. The lungs and liver were mainly
affected by donor T cells, while only mild invasion was
observed in the intestine, which was frequently affected in
GVHD after both human and murine allogeneic transplan-
tation. In the same way, we also intended to create mouse
models of leukemia and treatment with xenogeneic
hematopoietic cell transplantation using irradiated NOG
mice to analyze the pathogenesis of graft-versus-leukemia
(GVL) effects using a mouse leukemia/lymphoma cell line
[submitted]. We demonstrated differences in the distribu-
tion of PBMCs in multiple GVHD-affected mouse organs,
but the localization of tumor cells in leukemia mouse
models remains unclear.

Therefore, in this study, we sought to clarify the local-
ization of tumor cells at different time points in both
humanized and murine leukemia models. We describe the
time-dependent characteristics of histopathology in the
leukemia mouse models using two kinds of leukemia cell
lines: THP-1, a human myelomonocytic leukemia cell line,
and A20, a mouse B cell leukemia/lymphoma cell line.

II. Materials and Methods

Animals

Female NOG mice were purchased from the Central
Institute of Experimental Animals (Kawasaki, Japan). The
animals were maintained under a 12-hr light/dark cycle and
given conventional food and water ad /ibitum. Room tem-
perature was maintained at approximately 23°C. All mice

used in the experiments were 8—12 weeks old. All animal
experiments were performed with approval from the Insti-
tutional Animal Experiment Committee of Jichi Medical
University, and conducted in accordance with the Institu-
tional Regulations for Animal Experiments and Fundamen-
tal Guidelines for Proper Conduct of Animal Experiment
and Related Activities in Academic Research Institutions
under the Jurisdiction of the Japanese Ministry of Educa-
tion, Culture, Sports, Science and Technology.

Cells

Firefly luciferase-transfected A20 BALB/c strain
mouse B leukemia and lymphoma cells were kindly gifted
by Dr. K. Ohnuma (Juntendo University, Tokyo, Japan)
[22]. THP-1 cells (human leukemia, type M5 according to
the French-American-British (FAB) Classification) were
purchased from the American Type Culture Collection
(ATCC, Rockville, MD, USA) and transfected with
luciferase driven by cytomegalovirus promoter for stable
expression. Both cell lines were cultured using RPMI 1640/
Glutamax culture medium (Gibco, MA, USA) supple-
mented with 10% fetal bovine serum and 0.5% penicillin—
streptomycin.

Tumor mouse models

NOG mice were injected i.v. with a pre-determined num-
ber of A20 or THP-1 cells suspended in 500 puL. Dulbecco’s
phosphate-buffered saline (DPBS) on the day of transplan-
tation following total body irradiation with 2Gy (gamma
irradiator with a Cesium'’ source; GAMMACELL-40
(Atomic Energy of Canada Limited, Ottawa, Canada)).
Three mice in each group were used for a survival analysis
and their overall survival was analyzed by a Kaplan-Meier
analysis. All statistical tests were performed with EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan) [15]. The injected THP-1 and A20 tumor
cells expressed luciferase, so that tumor cell proliferation
and spreading could be detected in live animals using in
vivo imaging with an IVIS SpectrumCT In Vivo Imaging
System (PerkinElmer, MA, USA). D-luciferin sodium salt
(OZ Biosciences, Marseille, France) was dissolved in
DPBS in a final concentration of 30 mg/mL in accordance
with the manufacturer’s instructions and stored at —80°C.
Each mouse was injected with 100 pL of D-luciferin stock
substrate solution 10 min before imaging following anes-
thetization. For monitoring tumor growth, the mice in GVL
treatment experiments were subjected to bioluminescence
imaging every week. /n vivo imaging data were analyzed
by Living Image software (Perkin Elmer).

Histopathology and immunohistochemistry

Each group consisted of six mice and three were dis-
sected 14 or 21 days after transplantation. The animals
were anesthetized with pentobarbital sodium (30 mg/kg
intraperitoneally, i.p., Kyoritsu Seiyaku, Tokyo, Japan). For
immunohistochemistry, mice were perfused with 4%
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Table 1. Target antigens and primary antibodies for immunohistochemistry staining
Antigen Immunized animal Dilution factor Supplier Immunostained cellular type
CD31 (PECAM-1) Rabbit 1:50 Abcam, MA, USA THP-1
B220 (CD45RA) Rat 1:400 Santa Cruz Biotechnology, CA, USA A20

paraformaldehyde with 0.05 M phosphate buffer (pH 7.4)
for 5 min. The left lung, liver, spleen, and intestinal speci-
mens were fixed overnight at 4°C with the same fixative,
and then embedded in paraffin following alcohol dehydra-
tion. Sections (4 pm thick) were prepared using a micro-
tome. The sections were deparaffinized and used for
staining with hematoxylin-eosin (H&E) or immunohisto-
chemistry. IHC was performed as described previously [27]
with some modifications. The primary antibodies used in
immunohistochemistry are shown in Table 1. The THP-1
cell line overexpressed the CD31 surface antigen and A20
mouse leukemia cells expressed the murine B cell marker
B220 [19, 24]. While B220 is a widely used surface marker
of mouse B lymphocytes, it was possible to detect only
A20 B leukemia cells due to the lack of normal B and T
cells in NOG mice. Therefore, rabbit anti-human CD31 IgG
or rat anti-mouse B220 IgG was used to detect THP-1 or
B220, respectively, in this experiment. The antigens were
retrieved by heating in 1 mM EDTA (Nissin EM, Tokyo,
Japan) at 90°C for 10 min by using microwave in
immunostaining for human CD31 or in citrate buffer (pH
6.0) at 95°C for 60 min in immunostaining for B220. These
sections were incubated in phosphate-buffered saline (PBS)
containing 3% hydrogen peroxidase for 30 min to inacti-
vate the peroxidase, and pretreated with a Streptavidin/
Biotin Blocking Kit (Vector Laboratories, CA, USA) and
blocked with PBS containing 2% normal goat serum for 30
min at room temperature. After the blocking processes, the
sections were treated with primary antibodies. To visualize
the primary antibodies, samples were treated with a TSA-
biotin System (PerkinElmer) and biotin-conjugated sec-
ondary antibody for human CD31 and B220, respectively,
in accordance with the manufacturer’s instructions, and
finally visualized by using a Vectastain ABC kit (Vector
Laboratories) with 3,3'-diaminobenzidine (Nakarai Chemi-
cal, LTD, Kyoto, Japan). Images were acquired with a light
microscope (BX-63; Olympus Japan Co., Tokyo, Japan).
The absence of an observable nonspecific immunoreaction
was confirmed by performing immunostaining without
primary antibodies. For quantification of the occupation
of the tumors, we calculated the immunopositive rate
(immunopositive cells among total cells) in the liver,
spleen, and bone marrow. Three images including at least
one splenic sinusoid in the spleen or Gleason’s sheath in the
liver and five images of the bone marrow were taken in
each mouse. Therefore, in each leukemia group, a total of
nine images of the liver with a total of 8,166 and 11,315
cells in the A20 and THP-1 models, respectively; nine
images of the spleen with a total of 13,114 and 10,414 cells
in the A20 and THP-1 models, respectively; and 15 images

of the bone marrow with a total of 21,402 and 23,263 cells
in the A20 and THP-1 models, respectively, were used for
quantification. To analyze the distribution of tumor cells
surrounding Gleason’s sheath in the liver, we randomly
selected 10 Gleason’s sheath areas and counted the tumor
cells, which were in direct contact with Gleason’s sheath.
We also measured the total perimeter of Gleason’s sheath
and calculated the number of cells in direct contact per
determined length. Fiji-ImageJ (https://imagej.net/Fiji) was
used for the measurement of the length in the images. Com-
parisons were made by two-tailed Student’s ¢ tests.

III. Results

Establishment of THP-1 and A20 leukemia mouse models

In this study, tumor cells obtained from THP-1 or A20
cell lines were administered intravenously into severe
immunodeficient NOG mice following irradiation (Fig. 1a).
Under the injection of different numbers of tumor cells, all
mice eventually died several weeks after transplantation,
and survival of the mice depended on the number of admin-
istered cells in both the THP-1 (Fig. 1b) and A20 (Fig. 1c)
models. According to previous reports [7, 22], the number
of injected tumor cells was titrated to achieve a survival
duration of 1 month. In the THP-1 model, survival was too
long when 1 x 10° or fewer THP-1 cells were injected, and
was about 1 month when 5 x 10° THP-1 cells were injected
(Fig. 1b). In the A20 model, survival was about 1 month
and the injection of 2 x 10* A20 cells gave a survival time
closest to that with 5 x 10 THP-1 cells (Fig. 1¢). Biolumi-
nescence imaging showed that all the mice in the two
models developed leukemia that spread throughout the
whole body in 21 days after transplantation (Fig. 1d). Some
leukemic mice developed paralysis in both legs, which was
suspected to be caused by central nervous system invasion
of tumor cells, as could be seen from high luminescence
intensity in their heads. These results demonstrated that
the titrated injection of THP-1 and A20 cells produced
leukemia mouse models with comparable survival and
tumor cells spread widely throughout the whole body in 21
days. We injected 5 x 10° THP-1 cells or 2 x 10* A20 cells
in all subsequent analyses to achieve comparable survival
and organ pathology during one month of the disease
course in the two different models. The photon intensity of
bioluminescence in all the mice at 7 days after transplanta-
tion was lower than the defined cut-off level (data not
shown). Moreover, histopathological analysis showed that
few cells were observed in the liver (per glass slide) and no
tumor cells were seen in other organs (data not shown).
Thereafter, we dissected the two kinds of leukemia mouse
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Fig. 1.

Titration of cell number for the leukemia mouse models. A luciferase-expressing cell line (THP-1 or A20) was administered into irradiated NOG

(nonobese diabetic/severe combined immunodeficient/Scid/IL2Rynull) mice, and the organs were histologically examined 14 or 21 days after tumor cell
transplantation (a). Survival of NOG mice injected with different numbers of THP-1 (b) or A20 (c) cells. The growth and whole-body spreading of
tumor cells were detected using bioluminescence imaging of luciferase in tumor cells (d). TBI: total body irradiation.

models at 14 or 21 days after transplantation, and the
organs were histologically examined using H&E staining
and immunohistochemistry staining for tumor cells in sub-
sequent analyses (Fig. 1a).

Massive but partly different infiltration of tumor cells in liver
and spleen of A20 and THP-1 models

Organ swelling can be caused by infiltration of tumor
cells in human leukemia, and palpable hepatosplenomegaly
was prominent 21 days after tumor cell transplantation in
both the A20 and THP-1 mouse models. Positive signals
for both B220 for A20 cells and human CD31 for THP-1
cells were observed in the spleen 14 and 21 days after
transplantation (Fig. 2). In both models, tumor cells started
to infiltrate but did not spread throughout the spleen at 14
days after transplantation (Fig. 2a—c, j—1). These tumor cells

proliferated and diffusely infiltrated the spleen 21 days
after transplantation (Fig. 2d—i, m-r). In the spleen, the
tumor occupancy rate was approximately 80% in both the
A20 and THP-1 models, and there was no significant dif-
ference between the two models (P = 0.851) (Table 2).
Next, we examined the liver tissues of these mouse
models (Fig. 3). Invasion of leukemia cell lines increased
as time advanced in both mouse models. At 14 days after
transplantation, many tumor cells were diffusely infiltrated
into the hepatic lobule in both models, and some tumor
cells formed clusters (Fig. 3a—c, j—1). Normal liver struc-
tures such as hepatic laminae and sinusoids appeared intact
outside of the tumor cell clusters. However, 21 days after
transplantation, tumor cells massively infiltrated the hepatic
lobules in both models, and normal liver structures
appeared to be disrupted, especially in the A20 leukemia

Table 2.  Statistical analysis in immunohistochemistry staining positive cells
Organ A20 THP-1 P-value
Immunopositive cells/total cells (%) Spleen (n=9) 80.7+3.36 81.4+042 0.851
Liver (n=9) 62.8+£6.48 63.7+6.96 0.927
Bone marrow (n = 15) 69.1+8.75 269+342 <0.01
Number of tumor cells (/100 pum) Around Glisson’s sheath (n = 10) 1.80+0.43 4.68+0.82 <0.01

Means + SDs are shown.
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Fig. 2. Massive infiltration of tumor cells into the spleen parenchyma was commonly observed in the A20 and THP-1 leukemia mouse models, but
infiltration into connective tissues was observed only in the A20 model. Fourteen (a—c, j-1) or 21 (d—f, m—o) days after transplantation, histological
changes in spleen tissues were evaluated in serial sections (a—¢, d—f, j-1, m—0) using hematoxylin-eosin (H&E) staining (a, d, j, m) and tumor cells
(arrows) were detected with immunostaining for B220 in A20 leukemia mouse models (b, ¢, e, f), and for CD31 in THP-1 mouse models (k, 1, n, o).
Differential interference contrast (DIC) images (¢, f, 1, 0) were acquired in areas where immunostaining for tumor cells was observed (b, e, k, n). Areas
indicated with rectangles (d—f, m—o) are magnified (g—i, p-r). CA; central artery, Tr; trabecula, TA; trabecular artery. Bars = 500 pm (a—f, j—0) and

100 pm (g-i, p-r).
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Fig. 3. Absence of A20, but not THP-1, tumor cells around Glisson’s sheath (GS) in the liver of the leukemia mouse models. Fourteen (a—¢, j-1) or 21
(d—f, m—o) days after transplantation, histological changes in liver tissues were evaluated in serial sections (a—c, d—f, j—1, m—o) using H&E staining (a,
d, j, m) and tumor cells (arrows) were detected with immunostaining for B220 in A20 leukemia mouse models (b, ¢, e, f), and CD31 in THP-1 mouse
models (k, 1, n, 0). DIC images (¢, f, 1, 0) were acquired in areas where immunostaining for tumor cells was observed (b, e, k, n). Areas indicated with
rectangles (d—f, m—o) are magnified (g-i, p-r). CV; central vein, ILV; intralobular vein. Asterisks identify the connective tissue around Glisson’s

capsule. Bars = 500 um (a—f, j—0) and 100 pm (g—i, p—r).
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Fig. 4. Diffuse infiltration of A20 cells and partial infiltration of THP-1 cells into the bone marrow. Fourteen (a, b, e, f) or 21 (¢, d, g, h) days after
transplantation, histological changes in bone marrow were evaluated in serial sections (a—b, c—d, e—f, g-h) using H&E staining (a, ¢, e, g) and tumor
cells (arrows) were detected with immunostaining for B220 in A20 leukemia mouse models (b, d), and for CD31 in THP-1 mouse models (f, h). BM;

bone marrow, CB; cortical bone. Bars = 500 pm.

model (Fig. 3d-i, 3m-r). Similar to the finding in the
spleen, the tumor occupancy rate was about 60% and not
significantly different in the two models (P = 0.927) (Table
2). Although tumor cells were sparsely distributed and not
apparent in Glisson’s capsule in the A20 model, tumor cells
were frequently observed inside the interlobular connective
tissue in the THP-1 model (Fig. 3h, i, q, r), and a higher
number of THP-1 cells was seen around Glisson’s capsule
as compared with A20 cells (Table 2). These results
demonstrate that, while obvious infiltration of tumor cells
is common, distribution can be different in Glisson’s cap-
sule in the liver of the A20 and THP-1 models.

A20 cells infiltrate bone marrow more severely than THP-1
cells

We next examined the distribution of tumor cells in

bone marrow in the A20 and THP-1 models, using bone
marrow tissues in femur bones. Only small numbers of
tumor cells were observed in the bone marrow of the A20
(Fig. 4a, b) and THP-1 (Fig. 4e, f) models 14 days after
transplantation. At 21 days after transplantation, an enor-
mous number of tumor cells appeared to be packed in the
bone marrow in the A20 model (Fig. 4c, d), and adipose tis-
sue was hardly observed. Interestingly, on the other hand,
the infiltration of THP-1 cells into bone marrow was mild,
and clusters of tumor cells were observed only in some
regions of the bone marrow even at 21 days after transplan-
tation (Fig. 4g, h). When the numbers of tumor cells were
counted, in contrast to the liver and spleen, a significantly
larger number of tumor cells invaded the bone marrow in
the A20 model as compared with the THP-1 model at 21
days after transplantation (P < 0.01) (Table 2). These
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Fig. 5. Diffuse infiltration of both A20 and THP-1 into the lungs. Fourteen (a—c, g—i) or 21 (d—f, j-1) days after transplantation, histological changes in
lung tissues were evaluated in serial sections (a—c, d—f, g-i, j-1) using H&E staining (a, d, g, j) and tumor cells (arrows) were detected with
immunostaining for B220 in A20 leukemia mouse models (b, ¢, e, f), and for CD31 in THP-1 mouse models (h, i, k, I). DIC images (¢, f, i, 1) were
acquired in areas where immunostaining for tumor cells was observed (b, e, h, k). Images of pulmonary alveoli and intra-alveolar tumor cells (arrows)
in A20 (m) and THP-1 models (n) are shown at high magnification. TB; terminal bronchiole, RB; respiratory bronchiole. Bar = 500 um (a-1) and 50 pm

(m, n).

results suggest that differential tumor cell invasion into  Both A20 and THP-1 cells massively infiltrated the lungs but

bone marrow in the A20 and THP-1 models, and A20 cells not the intestine
appear to have a more prominent ability to infiltrate bone We finally examined the distribution of tumor cells in
the lungs and intestine, which were frequently affected in

marrow.
murine allogeneic GVHD. In lung tissues of both the A20
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Fig. 6. No infiltration of A20 or THP-1 cells in the intestine. Twenty one days after transplantation, histological changes in intestinal tissues were
evaluated in serial sections (a—c¢, d—f) using H&E staining (a, d) and tumor cells (arrows) were detected with immunostaining for B220 in A20 leukemia
mouse models (b, ¢), and for CD31 in THP-1 mouse models (e, f). There is no evidence of leukemia invasion into the intestine. IV; intestinal villi. Bars

=500 pm.

and THP-1 models, only some tumor cells were observed
14 days after transplantation (Fig. 5a—c, g—i) and much
larger numbers of tumor cells were diffusely infiltrated 21
days after transplantation (Fig. 5d—f, j—i). In both leukemia
models, tumor cells mainly touched the alveolar septum
and rarely exudated within the intra-alveolar space (Fig.
5m, n). In contrast to the results in the liver, tumor cells
never formed clusters in the lungs of the A20 or THP-1
models. In contrast, although allogeneic GVHD in mice
frequently affects the intestinal tract, no evidence of tumor
cell infiltration into the intestine was observed in either
model, even at 21 days after transplantation (Fig. 6a—f).
These results demonstrate that THP-1 and A20 cells both
massively infiltrated the lungs, but not the intestine.

IV. Discussion

In the present study, we sought to clarify organ
involvement and the localization of tumor cells in leukemia
mouse models using two different leukemia cell lines,
THP-1 and A20. Both models showed comparable survival,
tumor cell spreading and palpable hepatosplenomegaly
after titrated injection, and massive infiltration of tumor
cells was observed in the spleen and liver at 21 days after
tumor cell injection. However, differential distribution was
also observed in the two models; in the spleen, A20 cells,
but not THP-1 cells, invaded normal connective tissues
such as the splenic column, while THP-1 cells, but not A20
cells, invaded the connective tissues of Glisson’s sheath in
the liver. A difference in tumor distribution was also found
in the bone marrow; while many A20 cells were packed in
the entire bone marrow, normal bone marrow cells includ-

ing adipocytes remained in the THP-1 model at 21 days
after tumor cell injection. There were no differences in
tumor localization in the lungs or intestine between the two
mouse models, although tumor cell infiltration was distinct
between the two organs; both cell lines diffusely infiltrated
the lungs and there was no evidence of tumor invasion in
the intestine. These results suggest that different leukemia
mouse models have different patterns of organ involve-
ment, and the localization of tumor cells in the leukemia
models provides critical information to evaluate the effects
of anti-leukemia treatments using these mice models.

In this study, the survival of tumor-bearing mice
depended on the number of tumor cells administered. In
general, 10° to 107 human or murine cells can be engrafted
into SCID, NSG or NOG mice [4, 5, 8, 9, 13, 14, 18].
Among different types of human leukemias, tumor cells
from ALL patients are easy to engraft compared to those
from AML patients [5]. Similar to our results, the rate of
leukemia engraftment and the survival of mice have been
reported to depend on the tumor cell dosage [8]. However,
in our experiment, the A20 model tended to have shorter
survival even with a relatively small tumor volume com-
pared to the THP-1 model. NKT cells were defective in
NOG mice, but residual innate immunity might prevent the
proliferation of THP-1 cells rather than syngeneic A20
cells. These results suggest that the in vivo microenviron-
ment for syngeneic tumor proliferation may be more bene-
ficial for specific types of leukemia cells in leukemia
mouse models.

Different leukemia cell types showed differences in
organ involvement. In human leukemia, M4 and M5 (Acute
monocytic leukemia) leukemias according to the FAB Clas-
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sification and leukemias with cytogenetic abnormalities
of t(8;21), inv(16), and t(8;16) had higher incidences of
extramedullary acute leukemias [2, 3, 26]. Especially
human acute myelomonocytic leukemia (Type M4 and M5)
often invades organs other than bone marrow, such as the
gingiva, lungs and skin. Similar to our THP-1 (Type M5
according to FAB classification) model, leukemia mouse
models bearing primary human leukemia cells obtained
from patients with FAB M4 and M5 had severe organ
involvement compared to M1 or M2 mice models, but had
less bone marrow invasion [18]. The differences in
leukemia cell migration may be attributable to chemokine-
chemokine receptor interactions and/or matrix-leukocyte
integrin interactions, as indicated in a previous study [21].
However, the reasons why leukemia cells mainly prolifer-
ate in bone marrow rather than other organs in human
leukemia patients are still unclear. Further studies are
needed to elucidate the mechanisms that regulate the
dynamics of leukemia blasts.

In the liver of our mouse models, A20 cells were
hardly distributed in Glisson’s sheaths, while THP-1 cells
invaded the whole liver, even inside the connective tissues
of Glisson’s sheaths. Previous reports suggested that
chemokine receptors and the expression of adhesions
molecules such as surface CD56 provided an environment
for tumor homing [3, 9]. Moreover, myelomonocytic cells
are known to maintain a high ability for migration after
leukemic change and easily differentiate after migration to
extravascular spaces [1]. On the contrary, previous studies
in human ALL mouse models revealed that lymphocytic
leukemia cells gathered around the periportal region and
central vein [5, 13]. In xenogencic GVHD mouse models,
we formerly demonstrated that the upregulation of CXC
chemokine in host mouse tissues and the high expression of
CCR family in donor human T cells were associated with
the localization of human cell invasion [18]. Human lym-
phocytes could not reach the region around Glisson’s
sheath, so that human PBMC transplantation should not
have strong graft-versus-tumor effects in THP-1 leukemia
mice. These results suggest that it is important to know
about the homing and localization of tumor cells in mouse
models for evaluating anti-leukemia treatment using these
tumor models, especially cellular immunotherapy such as
transplantation and chimeric antigen receptor T cells.

To date, a few reports have described the localization
of tumor cells in leukemia mouse models, but the route of
tumor administration generally determines the target organs
invaded by the tumor cells. For example, a tumor cell line
grew in the lungs, kidneys, spleen and bone marrow after
i.v. injection, but did not invade the lungs or bone marrow
following i.p. injection [8]. Indeed, both of our i.v. models
showed the massive invasion of tumor cells into the liver,
lungs and spleen, but not the gut. Consistently, the liver
seemed to be the most affected organ and the intestine was
the least affected organ, as in i.v.-injected models, [4, 8, 13,
14, 18]. In contrast, tumor invasion in the gut was observed

in an i.p. model [8]. Another recent report showed that
leukemia cells thoroughly engrafted into circulating periph-
eral blood, spleen and bone marrow using intrahepatic
tumor administration in newborn mice [9]. Intracellular
gaps of discontinuous capillaries might be associated with
cells, especially in the liver and spleen, to permeate pro-
teins, which could help with tumor cell proliferation [12].
These results suggest that the abundance/permeability of
capillaries and high supply of blood flow are critical factors
that help determine the possibility of tumor cell invasion in
organs following i.v. administration.

In conclusion, we examined the localization of tumor
cells invading multiple organs in two leukemic mouse
models using THP-1 or A20 cells. THP-1 and A20 cells
massively infiltrated the liver, lung, and spleen but had dif-
ferent distributions in the bone marrow and liver. To clarify
the mechanisms of tumor localization among organs, fur-
ther molecular studies are needed.
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