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Abstract: Patient-derived xenografts (PDXs) of tumors are increasingly becoming important tools 
for translational research in oncology. The NOD.Cg-Prkdcscid Il2rgtm1Sug/Jic (NOG) mouse is an efficient 
host for PDXs. Thus as a basis for future development of methods to obtain PDXs from various 
disease types, we have studied the factors that affect the outcome of transplantation of human 
colorectal cancer in NOG mice. Of the original donor cases examined, 73% had successful engraftment. 
The outcome of donor-matched tissues was consistent in most cases, and was thought to show that 
the condition of the host did not affect engraftment. Next we analyzed the tumor aggressiveness in 
terms of histology grade of the original tumor and found that they were related to engraftment. Detailed 
histopathological examination of the transplanted tissues strongly indicated that lymphocytes engrafted 
with the tumor cells affect engraftment. As a factor related to transplantation of lymphocytes, we 
studied the human IgG concentration in the serum of tumor-bearing mice, but there was no tendency 
for higher concentrations to result in unsuccessful engraftment. Finally, we studied the type, density 
and location of T cells in the original donor tissue to determine the immune contexture and found that 
the unsuccessful engraftment cases tended to have an adequate or coordinated immune contexture 
compared to successful engraftment cases. From these results, we concluded that the aggressiveness 
and the T cell infiltration of the original tumor affect the outcome of transplantation in the NOG mouse.
Key words: immunoglobulin, NOG mouse, patient-derived xenograft, T lymphocyte, tumor 
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Introduction

The difficulty of translating preclinical findings to 
clinical cancer has created a growing demand for pre-
clinical models that are relevant to human cancer [25]. 
Patient-derived xenografts (PDXs) of human tumors 
which are prepared by direct transplantation of surgi-

cally excised tumors from cancer patients recapitulate 
many of the characteristics of the original tumor such as 
morphology and genetics [25] and have provided some 
promising results that show their correlation with clini-
cal cancer such as tumor growth and prognosis, or pre-
diction of drug efficacy. Therefore they have come to be 
seen as important tools for translational research [3, 25].
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The NOD.Cg-Prkdcscid Il2rgtm1Sug/Jic (NOG) mouse, 
a type of NOD-scid, Il-2rgnull mouse, is an efficient host 
for PDXs, including human tumor cells [12, 17, 21, 25]. 
In the case of tumors, our research group has found that 
colon cancer stem cells can be maintained and concen-
trated in tissue lines established by in vivo passage of 
human tumor tissues in the NOG mouse [15]. This trait 
is thought to contribute to the stable maintenance of the 
characteristic hierarchical structure of the original tumor 
across several generations. The tumor tissue lines can 
be reproduced and expanded on demand and we believe 
they will be important for the progress of oncology.

To establish PDXs of human tumors that can be main-
tained as tissue lines, we have transplanted several types 
of solid human tumor tissues into the NOG mouse. Al-
though these efforts have succeeded in establishing tis-
sue lines that reflect the morphology of their original 
patient tumors [9], we have also found that the rate of 
establishment is not as high as we initially expected [9]. 
To enhance the efficiency of establishing solid tumor 
tissue lines, we studied the factors that affect engraftment 
of tumor tissues and elucidated that one of the hindering 
factors is an Epstein-Barr virus-related, lymphoprolif-
erative lesion (LPL) which completely eliminated and 
replaced the original tumor and was responsible for 
unsuccessful engraftment of approximately 30% of the 
total number of transplanted cases [7]. However, even 
when these cases were taken into account, there were 
still cases that could not be engrafted.

As a basis for future development of methods to obtain 
PDXs from various disease types and subtypes, we be-
lieve it is necessary to investigate the factors that may 
affect engraftment. To this end, we have analyzed the 
characteristics of tumors, and also the lymphocytes that 
are engrafted with the tumor tissues in this study. The 
aggressiveness of the tumor in terms of the differentia-
tion of tumor cells was found related to engraftment. We 
have also found that immune cells that are transplanted 
with the tumor can affect the outcome of transplantation.

Materials and Methods

Extraction of samples from the PLR archive
For analysis, we have selected colorectal cancer 

(CRC) because tissues from a sufficient number of 
cases for comparison between successful and unsuccess-
ful engraftment were available in the archive at Pharm-
aLogicals Research, Pte., Ltd. (PLR, Singapore). The 

original donor tissue (tissue before transplant, obtained 
by surgery), corresponding xenograft tissue (tissue trans-
planted into NOG mice) and mouse (host) serum were 
selected from the archive at PLR and examined retro-
spectively (Fig. 1a). Tissues with LPL or from animals 
that were sick or developed bacterial infection were 
omitted from the study. The total number of tissues se-
lected to assess engraftability was 48 patient (donor) 
tissues and transplanted tissues of 74 mice (host) (Sup-

Fig. 1. Study scheme of archived samples (a). Original donor tis-
sues (tissues before transplant) and xenograft tissues (tis-
sues after transplant) were selected from the tissue archive 
at PLR and were analyzed in this study. Decision tree for 
analysis of T cells in original donor tissues (b). The cases 
were grouped into Groups i to iv according to the analysis 
of T cells [2]. CT, center of tumor; IM, invasive margin; 
CT+IM, both CT and IM; CT/IM, CT and/or IM; CD3-Hi, 
median CD3-positive cell density or higher; CD3-Lo, 
lower CD3-positive cell density than median. R, ratio of 
CD8-positive to CD3-positive cell density.
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plementary Table 1).
The tissues were fixed in 4% paraformaldehyde and 

embedded in paraffin by the AMeX method as previ-
ously described [22, 24]. The mouse sera were collected 
by orbital puncture for time course examination or from 
the abdominal artery at the time of necropsy.

The surgically excised tissues were provided by the 
patients that gave their informed consent as approved by 
the ethical committee at PLR and Parkway Laboratory 
Services in Singapore.

Transplantation of human tumor tissues into NOG mice
The NOG mice used to produce the xenograft tissues 

were acquired from the breeding facility of the Central 
Institute for Experimental Animals (Kanagawa, Japan), 
at the age of 5–6 weeks. After an adaptation period, 
animals between 6 and 12 weeks of age were submitted 
to surgical transplantation. The original donor tissues 
that were judged to contain viable tumor tissue by a 
pathologist were received as fresh tissues at PLR and 
transplantation into NOG mice was performed as de-
scribed previously [9]. Briefly, the tissues were placed 
immediately after surgical excision in Hanks balanced 
salt solution containing 5% penicillin, streptomycin, and 
a neomycin antibiotics mixture. Each tissue was cut into 
pieces (~5 mm3) using sterilized surgical scissors and 
transplanted into the flank at a total volume of approxi-
mately 200 mm3 with a transplant needle via a small 
incision in the leg. The tissues were transplanted and 
observed until the tumor mass was approximately 1cm3 
in size, or until the case was judged to have no tumor 
growth. All transplantations were terminated within 
13 months after transplant. At the time of necropsy, the 
mice were euthanized by exsanguination from the ab-
dominal artery under deep ether anaesthesia and the 
transplanted tissues were collected.

All animals were housed in plastic cages within a 
bioBubble system (bioBubble®, CO, USA) in a patho-
gen-free state. Mice were fed commercial pelleted diet 
(CE-2; Clea Japan Inc., Tokyo, Japan) and distilled wa-
ter ad libitum.

All studies and procedures involving animal subjects 
were approved by the Animal Care and Use Committee 
at PLR. The animals used in this experiment were treat-
ed in accordance with the Animal Research Guideline 
of PLR.

Analysis of tissue engraftability by histopathological 
examination

HE-stained slides were prepared of the tissues from 
the 74 mice selected from the archive and examined 
histopathologically. The engraftability of the tissues was 
judged as successful engraftment if viable tumor cells 
forming ductal or solid tumor nests that are characteris-
tic of CRC were present, and unsuccessful engraftment 
if there were no tumor cells, or if only a very small 
number of tumor cells forming incomplete structures 
were identified.

To determine whether there were any conditions of 
the host that affected engraftment, tissues from the same 
donor (donor-matched tissues) that had been transplant-
ed into 2 to 4 hosts were compared. For this analysis, 46 
transplanted tissues from 20 donors were examined 
(Supplementary Table 1). In donor-matched cases, the 
original cases were considered to have successful en-
graftment if 1 or more hosts had successful engraftment.

Next, to examine if the aggressiveness of the original 
tumor affected engraftment we compared the histopath-
ological grade and disease stage of the original donor 
cases with the outcome of transplantation. Information 
concerning the histology grade and disease stage was 
provided by certified pathologists that carried out the 
histopathological diagnosis of the original patient tis-
sues. The histology grades were: Grade 1, well differen-
tiated; Grade 2, moderately differentiated; Grade 3, 
poorly differentiated [4]. The disease staging was based 
on the TNM staging from Stage I to IV [4].

Finally, we also examined the engrafted tissues in 
detail to determine the state of the tumor cells such as 
viability or degeneration and necrosis, the presence of 
lymphoid cell infiltration, and also changes in stromal 
components such as fibrosis.

Analysis of human immunoglobulins in NOG mouse 
serum

Time course changes in the mouse serum immuno-
globulins were examined in mice transplanted with hu-
man CRC. For this analysis, the serum from a total of 
16 mice transplanted with tissue from 9 donors were 
examined. Human IgG and IgM concentrations in serum 
collected weekly from Week 1 to 6 after transplantation 
were measured. To compare the concentrations with the 
outcome of engraftment, sera from 18 mice transplanted 
with tissue from 11 donors that had successful engraft-
ment and 12 mice transplanted with tissues from 8 donors 
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that had unsuccessful engraftment were analyzed. The 
concentrations at Week 3 and 6 were compared.

The concentration of human immunoglobulins in se-
rum of the tumor-bearing NOG mice was determined 
using a sandwich ELISA method. Briefly, 96-well plates 
were coated with 100 µL of 0.25 mg/ml anti-human IgG 
(Polyclonal rabbit anti-human IgG, Dako Cytomation, 
Glostrup, Denmark) or IgM (Polyclonal rabbit anti-hu-
man IgM, Dako Cytomation) overnight at 4°C. Next, 
100 µl of the sample serum or the standard solutions 
were added to the wells and incubated at 37°C for 45 
min. Two single-point dilutions were set for the sample 
serum. 100 µl of anti-human IgG (or IgM)-conjugated 
with horseradish peroxidase was added and incubated at 
37°C for 45 min. The OD was read at 492 nm using a 
Tecan Sunrise RC Automated Microplate Reader with 
Magellan Data Reduction Software (Endotoxin Testing 
Solutions LLC., SC, USA). The concentrations were 
calculated based on the standard curve.

Analysis of the type, location and density of T cells in 
tissues before transplantation by immunohistochemical 
examination

The location, density and functional orientation of the 
different immune cell populations, or the “immune con-
texture” in human tumor tissue are related to tumor es-
cape and cancer aggressiveness [2, 5, 10]. Thus we ex-
amined the immune contexture by analyzing the type, 
location and density of T cells based on a method de-
scribed by Camus et al [2]. HE slides were prepared from 
all paraffin blocks that had been archived for the 48 
original donor cases and examined to determine wheth-
er the areas necessary for analysis (invasive margin and 
center of tumor mass) were included in the tissues. A 
total of 12 donor cases with successful engraftment and 
4 donor cases with unsuccessful engraftment were se-
lected and examined. In addition to confirm that T cells 
could be engrafted into the NOG mouse, a representative 
case was examined immunohistochemically for CD3 and 
8 in the original donor tissue (before transplant) and in 
the transplanted tissue.

The density of CD3-positive cells and the ratio of CD8 
to CD3-positive cells were determined based on the 
theory described by Camus et al. (Fig. 1b) [2]. Briefly, 
cell counts were performed for CD3- and CD8-positive 
cells at the center of the tumor (CT) and the invasive 
margin (IM). The cell density was determined by count-
ing the cells in 3 areas representative of the IM and 

2 areas for the CT. Each area (183,000 µm2) was desig-
nated using a virtual slide software (Image Scope, Ape-
rio Technologies, Inc., CA, USA).

Based on the results, the cases were grouped into 
4 groups. Group i was considered to have adequate reac-
tion of the immune cells to suppress tumor cells, Group 
iv to have inadequate reaction of the immune cells to 
tumor cells that would allow tumor escape. Group ii and 
iii were thought to have immune reactions that could be 
positioned between the two extremes (Fig. 1b) [2].

Immunohistochemical staining for human CD3 and 
CD8 was performed using the following method. A 
monoclonal mouse anti-human CD3 antibody (Clone 
F7.2.38, Dako Cytomation, Glostrup, Denmark) and a 
monoclonal mouse anti-human CD8 antibody (Clone 
C8/144B, Dako Cytomation) were applied as the pri-
mary antibodies. The tissues were stained by an indirect 
immunoperoxidase method using the Ventana HX Dis-
covery System (Ventana Medical Systems, AZ, USA). 
Briefly, the slides were de-waxed and heated for antigen 
retrieval followed by treatment with protein block (Dako 
Cytomation) to reduce non-specific staining and 0.3% 
h2o2 in methanol to block endogenous peroxidase. Af-
ter incubation with the primary and the universal second-
ary antibody (Ventana Medical Systems), streptavidin 
conjugated to horseradish peroxidase (Ventana Medical 
Systems) was applied and the reaction visualized with a 
diaminobenzidine solution (Ventana Medical Systems). 
The slides were counterstained with hematoxylin and 
coverslipped.

Statistical analysis
The data for immunoglobulin concentrations were 

analyzed for statistical significance of any differences 
between the successful group and unsuccessful group at 
the same timepoint using the Wilcoxon rank sum test at 
the level of 5%.

Results

Engraftability of CRC tissues in NOG mice
Of the 48 original donor cases that were transplanted, 

35 cases were judged by histopathological examination 
to have successful tumor cell engraftment (73%). We 
found that for 19 of the 20 donor cases examined, the 
outcome of the engraftment was the same for all donor-
matched tissues (Table 1).

Next we investigated whether the clinical aggressive-
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ness of the tumor had any correlation to engraftment. 
For grade 3 cases, engraftment was successful in 9/10 
(90%) original donor cases, and the ratio of successful 
cases was considerably lower in grade 2 cases (25/36 
cases, 69%) and grade 1 cases (1/2 cases, 50%) (Table 2). 
There tended to be more successful than unsuccessful 
engraftment cases with tissues from donors with higher 
disease stage as well (Supplementary Table 2).

Histopathological characteristics of the transplanted 
tissues

To explore the possibility that any other aspects of the 
biology of the tumor tissue itself could affect engraft-
ment, we examined the histopathological characteristics 
of the engrafted tissues.

Of the tissues from 74 hosts, 55 tissues had successful 
engraftment. Infiltration of lymphocytes was observed 
in 30/55 successfully engrafted tissues. The infiltration 
of lymphocytes in 26 of these tissues was diffusely ob-
served in the stroma, with no evidence of degenerative 
changes in tumor cells. In the other 4 tissues, areas of 
viable tumor cell growth were observed alongside areas 
with infiltration of lymphocytes, degeneration and ne-

crosis of tumor cells, and fibrosis (Figs. 2a and b).
Next, the tissues from 19/74 hosts with unsuccessful 

engraftment were examined. In 6 tissues, there were 
residual tumor cells surrounded by infiltration of lym-
phocytes, with degeneration and necrosis of the tumor 
cells. In the 10 tissues with no remaining tumor cells, 
fibrosis was observed in the site of transplantation, and 
in 6 of these tissues, infiltration of lymphocytes was seen 
within or surrounding the fibrotic areas (Figs. 2c and d). 
With 3 cases there was no clear fibrosis, with no infiltra-
tion of lymphocytes, and only residual atrophic tumor 
cells.

Thus the main findings were the infiltration of lym-
phocytes in the site of transplantation associated with 
the degeneration and necrosis of tumor cells. Since the 
NOG mouse lacks T and B lymphocytes, we judged that 
the lymphocytes originated from the donor tissue.

Analysis of human immunoglobulins in NOG mouse 
serum

First we examined the time course changes of serum 
immunoglobulins. A steady rise in serum IgG levels that 
exceeded 100 µg/ml in at least 1 time point was observed 
in 13/16 cases. The time course observations of these 
cases are shown in Fig. 3. The concentrations were low 
at 1–2 weeks, but were found to steadily rise up to or 
peak at 4–6 weeks. To determine the relationship of the 
serum IgG levels with engraftment, we compared the 
serum IgG concentration between successful and unsuc-
cessful cases at 2 time points (Fig. 4). For successful 
engraftment cases, the level was up to 3,100 µg/ml at 3 
weeks and up to 4,100 µg/ml at 6 weeks. For unsuccess-
ful cases, the levels were up to 709 µg/ml at 3 weeks and 
up to 3,390 µg/ml at 6 weeks. There was no statistically 
significant difference between successful and unsuccess-
ful cases at either timepoint for IgG levels. Serum IgM 

Table 1. The fate of donor-matched tissues tranplanted into 
NOG mice

Fate Donor ID
No. of hosts

Successful Unsuccessful

All positive d1 3 0
d2 2 0
d4 2 0
d5 2 0
d6 2 0
d7 2 0
d8 2 0
d9 2 0
d11 2 0
d12 2 0
d13 4 0
d14 4 0
d16 2 0
d17 3 0

both outcomes d3 1 1

All negative d10 0 2
d15 0 2
d18 0 2
d19 0 2
d20 0 2

The numbers in the table show the number of hosts (mice). 
Successful, successful engraftment; Unsuccessful, Unsuc-
cessful engraftment.

Table 2. Comparison of tumor grade of 
the original donor tissue with en-
graftability

Tumor grade

G1 G2 G3

Successful 1 25 9
Unsuccessful 1 11 1

The numbers in the table show the number 
of original donor cases. Successful, suc-
cessful engraftment; Unsuccessful, unsuc-
cessful engraftment.
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concentrations tended to be much lower, but were simi-
lar to IgG in terms of a steady increase over several 
weeks in most cases and unsuccessful cases had signifi-
cantly lower levels compared to successful cases (Sup-
plementary Figs. 1 and 2). The present findings show 
that the concentrations for the unsuccessful cases did not 
exceed those of the successful cases.

Analysis of the type location and density of T cells in 
tissues before transplantation by immunohistochemical 
examination

Both CD3- and CD8-positive cells were confirmed in 
the tissues before and after transplantation (Fig. 5). As 
for the analysis in the original donor tissues, grouping 
was carried out according to the criteria described in 
Fig. 1b. Cases of unsuccessful engraftment were seen 
only in Groups i and ii, and for Group i most cases were 

unsuccesful (Table 3). On the other hand, cases of suc-
cessful engraftment were seen in all groups (Table 3). 
Most cases in Group ii and all cases in Groups iii and iv 
were found to have successful engraftment (Table 3).

Discussion

One of the most unique and essential points in utiliz-
ing PDXs is that they have the potential to recapitulate 
the heterogeneity of human tumors among individuals 
[25]. Considering this fact, a low or biased take rate can 
be problematic for maintaining the heterogeneity of a 
cancer type in PDX panels [3, 20]. We have recently 
found that although the NOG mouse is an ideal host for 
human tissues in many respects, the rate of engraftment 
was not as high as we expected [9]. Thus we considered 
it important to study the factors that affect the engraft-

Fig. 2. Representative images of transplanted tumor cells and lymphocytes, and host 
tissue reaction (fibrosis) in the transplanted tissues. Two images from the 
same slide of a successful-engraftment tissue (h13c) with an area of viable 
tumor growth and scattered infiltration of lymphocytes in the stroma (a), and 
an area with infiltration of lymphocytes, degeneration and necrosis of tumor 
cells (arrows), and fibrosis (b) are shown. Images from tissues of unsuccess-
ful-engraftment cases with no tumor cells with (c) or without (d) lymphocyte 
infiltration are also shown (c, h10b, d, h20b). The inserts show a high mag-
nification of the infiltrating lymphocytes, and plasma cells. Bar=40 µm
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ment of human tumor tissues as a basis for improving 
the efficiency of engraftment in the NOG mouse.

First, we considered the possibility that the condition 
of the host may affect engraftment. The tissues from the 
same donor either consistently engrafted into multiple 
hosts, or were consistently rejected in multiple hosts. 
The consistency between hosts agrees with our previous 
findings in a study of transplanted human non-tumor 
(thyroid) tissue [8]. Thus the conditions of the host were 
thought to be stable, and were considered to have no 
influence on the difference of engraftability in the NOG 
mouse.

Because of the above evidence we decided to explore 
the possibility that the characteristics of the tumor may 
affect engraftment. It is reported that the clinical aggres-
siveness of tumors, which is shown by parameters such 
as tumor grade or disease stage is related to engraft-
ability [13, 14]. Our current results agree with these 
findings, so we judged that the characteristics of the 
original tumor could indeed affect the outcome of trans-
plantation in NOG mice. However, there was still a dif-
ference in outcome among cases with the same tumor 
grade or disease stage, so we considered that there were 
other characteristics of the tumor that could affect en-
graftment.

In order to find these additional factors, we carried out 
a detailed examination of the transplanted tissues. His-

topathologically, we found that there was infiltration of 
lymphocytes in many of the examined tissues. In positive 
engraftment tissues, the infiltration of lymphocytes was 
observed alongside viable tumor cells, and in some 
cases there were also areas of degeneration and necrosis 
of tumor cells along with the infiltration of lymphocytes 
and fibrosis. With unsuccessful engraftment cases, infil-
tration of lymphocytes and degeneration and necrosis of 
tumor cells was observed with only residual tumor cells 

Fig. 3. Time course observation of IgG concentration in 
the host serum. Each line represents 1 host.

Fig. 4. IgG concentration in the host serum compared 
between unsuccessful-engraftment and successful-
engraftment cases at Week 3 and 6 after transplan-
tation of human tumor tissues. Wilcoxon rank sum 
test. Each column represents one donor, and each 
symbol one host.
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or with no tumor cells at all. These findings were thought 
to show that the presence of lymphocytes had a role in 
the process of eliminating tumor cells, and in those 
cases where the tumor cells survived this process there 
was successful engraftment, whereas in cases when the 
tumor cells could not survive there was unsuccessful 
engraftment. Engraftment of tumor-infiltrating lympho-
cytes into immunodeficient mice is a well-known phe-
nomenon [23, 26]. Williams et al. suggested that the 
suppressive effects of lymphocytes on tumor growth may 
explain the reason for the failure of some transplanted 
human tumor tissues to grow in scid mice [26]. The 
aforementioned findings and reports strongly indicate 
that tumor-infiltrating lymphocytes were transplanted 
along with the tumor cells and inhibited engraftment by 
exerting suppressive effects on tumor growth.

There are reports showing that human immunoglobu-
lins can be detected in the serum of immunodeficient 
mice transplanted with lung cancer [19, 23, 26]. The host 
serum immunoglobulins are related to suppression of 

tumor growth in lung cancer although there are some 
descripancies concerning histological subtype [19, 26]. 
First we analyzed the serum immunoglobulin concentra-
tions in the present study. We observed a progressive 
increase in serum human immunoglobulin in most of the 
NOG mice transplanted with human CRC tissues but we 
found that there was no tendency for higher concentra-
tions in unsuccessful-engraftment cases. As the serum 
immunoglobulin concentrations did not correlate well 
with the outcome of transplantation in the present study, 
we turned to other factors that involve immune reactions.

Recently a novel theory proposes the involvement of 
immune cells in the suppression of tumor progression 
[6, 11]. The location, density and functional orientation 
of the different immune cell populations, or the “immune 
contexture” are related to controlling tumor escape and 
cancer aggressiveness [2, 5, 10]. From this fact we hy-
pothesized that there is a relationship of the immune 
contexture with the outcome of transplantation. In the 
current study we examined the immune contexture by 
analyzing the type, location and density of T cells based 
on a method described by Camus et al [2]. We have found 
that unsuccessful-engraftment cases tended to be from 
donor tissues in Group i or ii. This indicates that there 
was an adequate or coordinated immune reaction that is 
tumor suppressive [2, 6]. On the other hand, cases from 
donor tissues with successful engraftment tended to be 
from donor tissues in Group iii or iv, which indicates an 
inadequate or uncoordinated immune reaction that would 
allow tumor escape [2, 6]. The results were thought to 
show that the immune contexture in the tissue before 
transplantation is related to the outcome of engraftment 
in NOG mice.

In the present study, we have found that the aggres-
siveness of the tumor and the immune contexture of the 
lymphocytes that are implanted with the tumor cells are 

Fig. 5. Existence of T cells (CD3 and 8-positive cells) in original 
donor tissue (d13, upper row) and transplanted tissue 
(h13c, bottom row). CD3- and CD8-positve lymphocytes 
were observed both in original donor tissues and trans-
planted tissues. LSAB method, bar=55 µm.

Table 3. Comparison of the immune contexture with the 
immune contexture of original donor tissues

Immune contexture
Outcome of xenograft

Successful Unsuccessful

Group i 1 3
Group ii 6 1
Group iii 4 0
Group iv 1 0

The numbers in the table show the number of original 
donor cases. Successful, successful engraftment; Unsuc-
cessful, unsuccessful engraftment.
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related to engraftment. Further studies to elucidate the 
characteristics of tumor tissues that are difficult to en-
graft into NOG mice may serve to find ways to improve 
engraftment and enhance the efficiency of producing 
PDX models. We have recently found that tissues from 
cases of adenomatous goiter, a non-neoplastic disease 
of the thyroid that is not an aggressive growth, could be 
engrafted at a rate of approximately 85%, a rate that is 
higher than that of cancer tissues in the present study 
[8]. There was no marked infiltration of lymphocytes in 
these tissues. Judging from this evidence, it may be pos-
sible to engraft less aggressive tumors by controlling the 
infiltration of lymphocytes in the tissue. For example, 
sorting out the lymphocytes and transplanting only tumor 
cells may be a solution. Other options may include treat-
ing tumor-bearing hosts with immune suppressive com-
pounds such as corticosteroids, calcineurin inhibitors or 
cyclophosphamide or depleting donor lymphocytes by 
administering cell surface antigen-specific antibodies in 
vivo or ex vivo [1, 16]. One potential factor related to 
engraftability is the reformation of a vascular network 
in the transplanted tissue [18]. Masuda et al. have shown 
that human-mouse chimeric blood vessels are formed 
within transplanted endometrial tissue, and suggested 
that the chimerism is one of the factors that enables long-
term maintenance of the implanted tissues [18]. In our 
previous experience with transplantation of adenomatous 
goiter tissue, we have found that some of the blood ves-
sels formed in the transplanted tissue are human which 
was thought suggestive of chimersim and may have 
contributed to the long-term maintenance of the tissues 
[8]. As for the relationship of angiogenesis with the im-
mune response in CRC, Camus et al. have shown that 
the angiogenic factor VEGF in combination with genes 
representing a Th1 immune response is a prognostic fac-
tor in human CRC [2]. There was no predictive value of 
VEGF alone, which was thought to show that angiogen-
esis added on to adaptive immune responses are related 
to recurrence [2]. From the above evidence, we believe 
that there may be a role in engraftability for angiogen-
esis that is linked with the immune contexture, and this 
would be an important topic to address in future studies. 
Thus studies to investigate these possibilities would be 
an important basis for the development of efficient meth-
ods to establish PDX models.
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