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Innate Response to Human Cancer Cells with or without IL-2
Receptor Common vy-Chain Function in NOD Background
Mice Lacking Adaptive Immunity

Chiyoko Nishime,*' Kenji Kawai,” Takehiro Yamamoto,* Ikumi Katano,"

Makoto Monnai,” Nobuhito Goda,* Tomoko Mizushima,” Hiroshi Suemizu,
Masato Nakamura,® Mitsuru Murata,’ Makoto Suematsu,* and Masatoshi Wakui

.{.

Immunodeficient hosts exhibit high acceptance of xenogeneic or neoplastic cells mainly due to lack of adaptive immunity, although it
still remains to be elucidated how innate response affects the engraftment. IL-2R common y-chain (IL-2Rvy,) signaling is required
for development of NK cells and a subset of dendritic cells producing IFN-v. To better understand innate response in the absence
of adaptive immunity, we examined amounts of metastatic foci in the livers after intrasplenic transfer of human colon cancer
HCT116 cells into NOD/SCID versus NOD/SCID/IL-2Ry.™" (NOG) hosts. The intravital microscopic imaging of livers in the
hosts depleted of NK cells and/or macrophages revealed that IL-2Rvy, function critically contributes to elimination of cancer cells
without the need for NK cells and macrophages. In the absence of IL-2Rvy., macrophages play a role in the defense against tumors
despite the NOD Sirpa allele, which allows human CD47 to bind to the encoded signal regulatory protein « to inhibit macrophage
phagocytosis of human cells. Analogous experiments using human pancreas cancer MIA PaCa-2 cells provided findings roughly
similar to those from the experiments using HCT116 cells except for lack of suppression of metastases by macrophages in NOG
hosts. Administration of mouse IFN-y to NOG hosts appeared to partially compensate lack of IL-2Ry ~dependent elimination of
transferred HCT116 cells. These results provide insights into the nature of innate response in the absence of adaptive immunity,

aiding in developing tumor xenograft models in experimental oncology.

number of immunodeficient mouse strains have been
A widely used as hosts in experimental transplantation

models (1). High acceptance of xenogeneic or neoplastic
cells is exhibited mainly due to lack of adaptive immunity
resulting from failure in development of thymus-dependent T cells
in strains bearing nu locus or in development of both T cells and
B cells in strains bearing scid locus or disrupted Rag gene. Ad-
ditionally, genetic introduction of impaired innate immunity onto
strains lacking adaptive immunity also has been applied to the
development of hosts more highly accepting xenogeneic or neo-
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plastic cells, represented by the introduction of null gene of IL-2R
common <y-chain (IL-2Rvy,) or NOD background onto the strains
having scid locus or disrupted Rag gene (2). IL-2Rv, signaling is
required for development of NK cells and a subset of dendritic
cells (DCs) producing IFN-y represented by the CD11c*B220*
CD122" phenotype (3, 4). The allele of Sirpa gene in the NOD
background mice allows human CD47 to bind to the encoded
signal regulatory protein o (sirpa) to inhibit macrophage phago-
cytosis of human cells (5, 6). The details of how such alteration in
innate immunity contributes to the engraftment are of consider-
able interest but still remain to be elucidated.

To better understand innate response in the absence of adaptive
immunity, we examined amounts of metastatic foci in the livers
after intrasplenic transfer of human colon cancer HCT116 cells
to NOD/SCID versus NOD/SCID/IL-2Ry."™" (NOG) hosts using
intravital microscopic imaging combined with in vivo depletion
of NK cells and macrophages. The results demonstrated a line
of evidence for contribution of innate effectors other than NK
cells and macrophages in the presence of IL-2Rvy, versus of
macrophages in the absence of IL-2Ry, to elimination of human
cancer cells in the NOD background hosts lacking adaptive
immunity.

Materials and Methods
Cells

A human colon cancer cell line HCT116 and a human pancreas cancer cell
line MIA PaCa-2 were obtained from the American Type Culture Collection
(Manassas, VA). HCT116 cells were maintained in McCoy’s 5A (Sigma-
Aldrich, St. Louis, MO) containing antibiotics and 10% FBS (HyClone,
Logan, UT). MIA PaCa-2 cells were maintained in DMEM (Sigma-
Aldrich) containing antibiotics, 10% FBS, and 2.5% horse serum.
HCT116 and MIA PaCa-2 cells were incubated in a humidified (37°C, 5%
CO,) incubator and passaged on reaching 80% confluence.
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Preparation of the pcDNA3.1/Venus vector

Venus has been developed by mutagenesis engineering as an improved
version of yellow fluorescent protein, which is derived from GFP variants
(7). Venus is fully and stably fluorescent due to its resistance to pH and
chloride ion. The original vector containing the Venus gene sequence
was gifted from Dr. Atsushi Miyawaki (Brain Science Institute, RIKEN,
Saitama, Japan). The Venus gene fragments were amplified by PCR and
then purified through electrophoresis. These PCR products were inserted in
the pcDNA3.1/myc-His(—)A vector (Invitrogen, Carlsbad, CA) at Xbal
and Kpnl sites with a DNA ligation kit (Takara Bio, Shiga, Japan), fol-
lowed by cloning using XL2-Blue MRF' ultracompetent cells (Strategene,
La Jolla, CA). It was confirmed by sequencing that the cloned pcDNA3.1/
Venus vector plasmids keep the Venus gene sequence without any muta-
tional alteration.

Venus gene transduction of human colon cancer cells

The Venus gene transduction of HCT116 cells was carried out using
Lipofectamine 2000 (Invitrogen) as recommended by the manufacturer. The
cells were treated with G418 (Invitrogen) at final concentration of 1.0 mg/ml
for selection of positive clones 2 d after transduction and then cultured for
a week. The Venus expression on selected clones was evaluated by flow
cytometric analysis using Epics XL-MCL (Beckman Coulter, Brea, CA).

Liver metastasis assay

The in vivo experiments were performed in accordance with institutional
guidelines and approved by the Animal Experimentation Committee of the
Keio University and the Central Institute for Experimental Animals. We
bred NOD/Shi-scid (NOD/SCID) and NOG mice and used them at the
age of 9-11 wk. Liver metastases were induced by intrasplenic transfer
of HCT116 cells, followed by splenectomy (8). In the case of transfer of
1 X 10° cells, the mice were subjected to the intravital microscopic bio-
imaging within 30 min or 1-2 wk later as described below. After the in-
travital microscopic studies, the mice were sacrificed and liver metastases
were enumerated immediately.

Intravital microscopic imaging

The intravital observation of livers after intrasplenic transfer of fluorescently
visualized HCT116 cells expressing Venus was performed with an in vivo
video microscopic method as reported previously (9, 10). For each exper-
imental group, four to five mice were examined. The mouse was placed
on an inverted microscope platform, the disk scan unit system (IX81-DSU;
Olympus, Tokyo, Japan), after abdominal section. For each mouse, micro-
scopic observations on six to nine hepatic lobules were recorded using the
electron multiplying CCD camera (Cascade II; Nippon Roper, Tokyo, Japan)
and the MetaMorph software (MDS, Toronto, ON, Canada).

Evaluation of metastatic foci of HCT116 cells in the
bioimaging data

Based on the obtained bioimaging data and histological findings, terminal
portal venules and centrilobular venules were identified in examined hepatic
lobules. The measurement of distances between a terminal portal venule and
the closest centrilobular venule was performed using the Scion image
software (Scion, Frederick, MD), indicating that the average distance was
320.4 * 66.7 pm. Considering this value, each C point was used as the
center to draw a circle at the radius of 320 pm, which reflected a putative
hepatic lobule. Each circle was divided into three zones, that is, the periportal
zone, the middle zone, and the pericentral zone. The area of each metastatic
focus of fluorescently visualized HCT116 cells expressing Venus was mea-
sured and then the percentages of tumor lesion in the periportal, middle, and
pericentral zones were calculated.

Evaluation of metastatic foci of MIA PaCa-2 cells using
immunohistochemistry

Sections (3-um-thick) were cut from paraffin-embedded tissue blocks.
Immunostaining of the section with a mouse anti-HLA class I (A, B,
and C) mAb (clone EMRS-5; Hokudo, Sapporo, Japan) was performed
on the Bond-Max automated IHC platform (Leica Biosystems, Mount
Waverley, Australia). The photographic images of the immunostained
sections were prepared by Axio Imager.M1 (Carl Zeiss, Thornwood,
NY) and then converted to the grayscale images using Photoshop CC
2014 (Adobe Systems, San Jose, CA). The measurement of metastatic
foci of MIA PaCa-2 cells visualized immunohistochemically with HLA
class I expression was carried out using the software Imagel version
1.48 (http://imagej.nih.gov/ij/).

Depletion of NK cells and macrophages

To deplete only NK cells, NOD/SCID mice were i.p. given 400 pl PBS
containing 20 wl anti-asialo GM1 antiserum (Wako, Osaka, Japan) on days
—3, —2, and —1, followed by intrasplenic transfer of human cancer cells
on day O (3). To deplete both NK cells and macrophages, NOD/SCID mice
were i.p. given 400 pl PBS containing 20 pl anti-asialo GM1 antiserum on
days —3, —2, and —1, followed by treatment for macrophage depletion on
day —2 as describe below and then by intrasplenic transfer of human cancer
cells on day 0. To deplete macrophages, dichloromethylene diphosphonate—
containing liposomes (Cl,MDP-liposomes) were prepared as described
previously (11). NOD/SCID and NOG mice were i.v. given Cl,MDP-
liposomes suspended in 100 pl PBS on day —2, followed by intrasplenic
transfer of human cancer cells on day 0.

IFN-vy treatment

NOG mice were i.p. given mouse rIFN-y at a dose of 1 X 10° units 1 d
before transfer of HCT116 cells as reported previously (12).

Isolation and transfer of the DC subset

Spleens from NOD/SCID mouse were minced and digested with 0.1%
collagenase (Roche Diagnostics, Laval, QC, Canada) and DNase (1 mg/ml;
‘Wako Pure Chemical Industries, Osaka, Japan) at 37°C for 30 min. After
washing with 2% FCS in PBS, cells were stained with biotinylated mouse
B220 Ab (BioLegend, San Diego, CA) and incubated with anti-biotin
magnetic beads (Miltenyi Biotec, Sunnyvale, CA) to isolate the DC sub-
population. B220* and B220~ fractions were separated on a MACS col-
umn (Miltenyi Biotec) and the enriched B220" fractions were stained with
PE-labeled CD11c Ab (BioLegend). The B220"CD11c* cells were sorted
using the BD FACSAria II cell sorter (BD Biosciences, San Jose, CA). The
purity level of B220"CD11c" was 96.1%. RBCs of the B220™ cell fraction
were lysed in Pharm Lyse buffer (BD Biosciences) and washed with 2%
FCS in PBS. The purified B220*CD11c* cells and B220™ cells were
resuspended in RPMI 1640 (Corning, Tewksbury, MA), and 1 X 10° cells
were transferred i.v. into NOG mice 1 d before transfer of HCT116 cells.

Immunohistochemistry for hepatic macrophages

Sections (3 pm thick) were cut from paraffin-embedded tissue blocks. To
reveal distribution of hepatic macrophages, immunostaining of liver tissues
was carried out with a rat anti-mouse F4/80 mAb (Bio-Rad/AbD Serotec,
Kidlington, U.K.) and a rabbit anti-mouse Ym-1 polyclonal Ab (Stemcell
Technologies, Carlsbad, CA) and performed with Bond-Max automated
immunostainer (Leica Biosystems). Sections were counterstained with
hematoxylin.

Statistical analysis

The statistical significance of data among different experimental groups was
determined by Student ¢ test or one-way ANOVA, and a p value < 0.05 was
considered significant.

Results
Intravital microscopic imaging reveals the early events in the
liver metastasis model with HCT116 cells expressing Venus

As with parental HCT116 cells, HCT116 cells expressing Venus
(termed HCT116/Venus cells) robustly metastasized in NOG
but not in NOD/SCID hosts. Fig. 1 shows the representative re-
sults. One week after the transfer of 1 X 10° HCT116/Venus cells,
amounts of metastatic foci were microscopically evident prefer-
entially in periportal regions of the livers in NOG but not in NOD/
SCID hosts; all of five NOG mice versus none of five NOD/SCID
mice exhibited microscopic metastases. At that time, macroscopic
metastases were not observed in any of the five NOG or NOD/
SCID mice. By 2 wk after the transfer, the hepatic metastases were
developed macroscopically in NOG but not in NOD/SCID hosts;
all of five NOG mice versus none of five NOD/SCID mice
exhibited macroscopic metastases. At that time, microscopic
metastases were observed in just one of the five NOD/SCID mice,
looking tiny and morphologically fragile. Even 3 wk after the
transfer, only two of five NOD/SCID mice exhibited macroscopic
metastases, which were observed as a small number of tiny nod-
ules in the livers.
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FIGURE 1. Robust formation of metastatic foci of human colon cancer
HCT116 cells occurs in the liver of NOG hosts. Macroscopic and micro-
scopic (H&E staining) findings of the livers in NOD/SCID versus NOG
hosts at indicated time points after transfer of 1 X 10° HCT116/Venus cells
are shown. C, centrilobular venules; P, terminal portal venules; T, tumor.

To assess differences in events occurring immediately after
intrasplenic transfer of human cancer cells between the two strains,
the intravital microscopic imaging was applied. Transfer of 1 X 10°
HCT116/Venus cells to each host was suitable for the bioimaging
analysis. Within 30 min after the transfer, arrest of HCT116/Venus
cells inside sinusoids of periportal regions of hepatic lobules was
observed similarly in both strains (Fig. 2A). The distribution of
arrest of HCT116/Venus seemed to overlap with preferential lo-
cation of hepatic macrophages. It was of considerable interest
whether macrophages participated in trapping of human cancer
cells transferred intrasplenically. The in vivo macrophage-
depletion experiments using Cl,MDP-liposomes in NOD/SCID
and NOG hosts revealed that the cancer cell arrest inside
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hepatic sinusoids occurred independently of macrophages (Fig.
2B, 20).

Hepatic micrometastatic foci are formed in NOG but not in
NOD/SCID mice and distributed similarly to the initial cancer
cell arrest

One week after the transfer, amounts of metastatic foci were mi-
croscopically evident preferentially in periportal regions of the
lobules in NOG mice but were not detected in any hepatic area of
NOD/SCID mice (Figs. 1, 3A). The distribution of micrometastases
was similar to that of the arrest of HCT116/Venus cells within
30 min after the transfer, suggesting that the micrometastatic foci
originated from cancer cells arrested initially after the intrasplenic
transfer.

Macrophages play a role in the defense against hepatic
metastases in NOG mice

Macrophages have potentials not only to kill tumor cells but also
to promote tumor progression via several mechanisms, such as
proangiogenic and immunosuppressive actions, under some con-
ditions (13). To assess how host macrophages influence the tumor
formation, we compared metastatic foci of HCT116/Venus cells in
NOG hosts in in vivo~depleted and nondepleted of macrophages.
As shown in Fig. 3B, macrophages were found to suppress hepatic
metastases in NOG mice.

Rejection of transferred HCT116 cells occurring in NOD/SCID
but not in NOG mice does not require NK cells or macrophages

Although it is thought that lack of NK cells is one of the most
critical features with respect to the immunodeficiency of NOG
mice, loss not only of NK cell-dependent but also of NK cell-
independent mechanisms contribute to superior reconstitution of
human hematopoietic tissues (3, 4). To assess the dependences of
antitumor effects on NK cells in NOD/SCID hosts, in vivo de-
pletion experiments were carried out using anti-asialo GM1 Ab
treatment, analogous to the previous study (3). NK cell depletion
failed to initiate hepatic metastases of HCT116 cells in any NOD/
SCID hosts, revealing that the antitumor effects occurring with
requiring IL-2Ryc were independent of NK cells (Fig. 4). Con-
sidering the suppressive effects of macrophages on hepatic me-
tastases that were observed in NOG hosts as described above,
metastatic foci in the livers were compared between NOD/SCID
hosts depleted versus not depleted of macrophages. With or without
in vivo NK cell depletion, macrophage depletion also failed to
initiate hepatic metastases of HCT116 cells in contrast to the case of
NOG hosts (Fig. 4). These results provided evidence that IL-2Ryc—
dependent tumor elimination in NOD/SCID hosts does not require
NK cells or macrophages.

Analogous experiments using MIA PaCa-2 cells provide
findings roughly similar to those from experiments using
HCTI116 cells except for lack of suppression of metastases by
macrophages in NOG hosts

To examine whether antitumor effects observed are limited to
HCT116 cells, analogous experiments using human pancreas
cancer MIA PaCa-2 cells were carried out (Fig. 5). Transferred
MIA PaCa-2 cells formed a negligible amount of metastatic foci
in the livers of NOD/SCID hosts whereas robust metastases oc-
curred in the livers of NOG hosts. Consistent with the observa-
tions in the setting of HCT116 cells, depletion of NK cells and/or
macrophages did not significantly affect MIA PaCa-2 metastases
in NOD/SCID hosts. Alternatively, unlike the HCT116 metastases,
the MIA PaCa-2 metastases were not affected by depletion of
macrophages in NOG hosts.
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FIGURE 2. Arrest of HCT116 cells occurs inside sinusoids of periportal
regions of hepatic lobules immediately after intrasplenic transfer to NOD/
SCID and NOG hosts. (A) Amounts and distributions of metastatic foci
were intravitally evaluated within 30 min after the intrasplenic transfer to
NOD/SCID and NOG mice by detecting the fluorescence of HCT116/
Venus cells. (B) Representative results of immunohistochemical staining
with F4/80 for detection of hepatic macrophages in NOG mice undergoing
indicated treatments are shown. (C) Amounts and distributions of meta-
static foci were intravitally evaluated within 30 min after the intrasplenic
transfer to hosts undergoing indicted treatments. Representative results
from NOG hosts are shown. Columns show mean; bars indicate SD. Outer
white broken circles demarcate the periportal (P) zone, middle white
broken circles demarcate the middle (M) zone, and inner white broken
circles demarcate the pericentral (C) zone. (A) *p < 0.05, statistically
significant difference when compared with metastatic foci located at dif-
ferent zones of NOD/SCID hosts; Tp < 0.05, statistically significant dif-
ference when compared with metastatic foci located at different zones of
NOG hosts. (C) *p < 0.05, statistically significant difference when com-
pared with metastatic foci located at different zones in NOG hosts treated
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Distribution of F4/80" cells and YmI™ cells in MIA PaCa-2
metastatic foci differs from that in HCT116 metastatic foci in
NOG hosts

To assess the potential mechanisms by which macrophages play
a role in the defense against metastases in NOG but not in NOD/
SCID hosts, M1/M2 macrophage polarization in the metastatic foci
was analyzed by immunohistochemistry (Fig. 6). The staining of
liver sections with representative markers such as inducible NO
synthase, CD40, CD86, and MHC class II was inconvenient to use
for specific detection of M1 macrophages in the livers because
they were expressed not only by macrophages but also by non-
hematopoietic cells as reported previously (14-19). The staining
with a representative marker Ym1 was useful to detect M2 mac-
rophages in the liver (15). In the present study, F4/80" cells
without Yml positivity were regarded as M1 macrophages
whereas cells exhibiting concordance of Ym1 positivity with
F4/80 positivity were regarded as M2 macrophages.

There were no obvious differences in M1/M2 polarization be-
tween intact NOD/SCID versus NOG mice, whereas remarkable
differences in distribution of F4/80" cells and Yml* cells were
observed between HCT116 metastatic foci versus MIA PaCa-2
metastatic foci. There were few Yml-expressing cells in contrast
to a discernible number of F4/80" cells in the HCT116 metastatic
foci, roughly consistent with M1 macrophage polarization. Alter-
natively, there were a considerable number of Ym1-expressing cells
not only with but also without F4/80 positivity in the MIA PaCa-2
metastatic foci, suggesting macrophages less polarized to M1 type
than those in the HCT116 metastatic foci. The F4/80 cells
expressing Ym1 were distinct from typical M2 macrophages. Some
of such cells were characteristic of morphologically immature
granulocytes and others were mononuclear.

Lack of IL-2Ryc—dependent elimination of HCT116 cells in
NOG mice appears to be partially compensated by
administration of mouse IFN-y

The absence of a subset of DCs producing IFN-vy is also one of the
important characteristics of the immunodeficiency due to lack of IL-
2Ryc (3, 4). To examine whether the endogenous IFN-y production
contributes to the antitumor effects depending on IL-2Rwyc, we
attempted to determine the impacts of in vivo neutralization using
anti-TFN-y Abs on antitumor effects occurring in NOD/SCID hosts.
However, it was hard to optimize experimental conditions in
NOD/SCID mice for stable and reproducible results. Alterna-
tively, we examined effects of mouse IFN-y administration on
metastases of HCT116 cells in NOG hosts depleted or not de-
pleted of macrophages. As shown in Fig. 7, with or without
depletion of macrophages, the treatment of NOG hosts with
recombinant mouse IFN-y resulted in a significant decrease in
hepatic HCT116 tumor burden but did not achieve such full
eradication of tumors as occurred in NOD/SCID hosts. Thus,
lack of the IL-2R-yc—dependent elimination of HCT116 cells
without requiring NK cells and macrophages appeared to be
partially compensated by the mouse IFN-y administration.

To collect evidence for contribution of the IFN-y-producing
DC subset to the defense against tumors, we examined whether

with saline; 'p < 0.05, statistically significant difference when compared
with metastatic foci located at different zones in NOG hosts treated with
empty-liposomes; 8 < 0.05, statistically significant difference when
compared with metastatic foci located at different zones in NOG hosts
treated with Cl,MDP-liposomes. C, centrilobular venules; CI-L, treatment
with Cl,MDP-liposomes; Control, treatment with saline; Empty-L, treat-
ment with empty-liposomes; P, terminal portal venules.
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FIGURE 3. Hepatic metastatic foci appear in NOG but not in NOD/

SCID hosts, distributing similarly to the initial cancer cell arrest. (A)
Amounts and distributions of metastatic foci were intravitally evaluated
1 wk after the intrasplenic transfer to NOD/SCID and NOG mice by
detecting the fluorescence of HCT116/Venus cells. (B) Amounts and dis-
tributions of metastatic foci were intravitally evaluated 2 wk after the
intrasplenic transfer to NOG mice undergoing indicated treatments.
Columns show mean; bars indicate SD. Outer white broken circles de-
marcate the periportal (P) zone, middle white broken circles demarcate
the middle (M) zone, and inner white broken circles demarcate the
pericentral (C) zone. (A) *p < 0.05, statistically significant difference
between NOD/SCID versus NOG hosts. (B) *p < 0.05, statistically
significant difference between NOG hosts treated with Cl,MDP-lipo-
somes versus saline; Tp < 0.05, statistically significant difference be-
tween NOG hosts treated with CLLMDP-liposomes versus empty-liposomes.
C, centrilobular venules; CI-L, treatment with Cl,MDP-liposomes; Control,
treatment with saline; Empty-L, treatment with empty-liposomes; P, terminal
portal venules.

transfer of the DC subset from NOD/SCID mice to NOG hosts can
reduce HCT116 metastases. The B220"CD11¢*CD122* pheno-
type reportedly represents the IFN-y—producing DC subset, but it
was difficult to stably sort high purity and a sufficient number of
B220*CD11c*CD122" cells. Alternatively, B220"CD11c* cells
were sorted from the spleens from NOD/SCID mice to prepare the
DC subset used for the transfer to NOG hosts. Consistent with the
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FIGURE 4. Antitumor effects occurring in NOD/SCID but not in NOG
hosts do not require NK cells or macrophages. Amounts and distributions
of metastatic foci were intravitally evaluated 1 wk after the intrasplenic
transfer to NOD/SCID and NOG mice with or without in vivo depletion of
NK cells and/or macrophages by detecting the fluorescence of HCT116/
Venus cells. Columns show mean; bars indicate SD. asGM1, treatment with
anti-asialo GM1 antiserum to deplete NK cells; Cl-L, treatment with
CL,MDP-liposomes to deplete macrophages. *p < 0.05, statistically signif-
icant difference when compared with each group of NOD/SCID hosts; Tp <
0.05, statistically significant difference between NOG hosts with versus
without depletion of macrophages. C zone, pericentral zone; M zone, middle
zone; P zone, periportal zone.

idea that the DC subset but not NK cells contributes to the innate
response with IL-2Rvy function in the absence of adaptive im-
munity, the metastases tended to be reduced by the transfer of
B2207CD11c* cells from NOD/SCID mice to NOG hosts, al-
though it did not achieve statistical significance (p = 0.2710)
(Supplemental Fig. 1). An increased number of B220"CD11c*
cells or higher purity of the IFN-y-producing DC subset trans-
ferred to NOG hosts might provide full findings to clarify whether
the DC subset plays a leading role.

Discussion
The present study demonstrated a line of evidence for contribution
of innate effectors other than NK cells and macrophages in the
presence of IL-2R+y. versus macrophages in the absence of IL-
2Ry, to eliminate human cancer cells. O’Sullivan et al. (14) re-
ported on cancer immunoediting by the innate immune system in
the absence of adaptive immunity. The report presented observa-
tions that NK cells contribute to regression of syngeneic tumors
via their [FN-y production to induce M1-type macrophages in the
presence of IL-2Rvy.. The apparent discrepancy from our findings
revealing innate response without the need for NK cells and
macrophages in the presence of IL-2Ry. seems to result from
differences in immunoediting between the settings of syngeneic
versus xenogeneic tumors. However, it is difficult to simply
compare their findings and our findings because of the differences
in experimental procedures. Notably, the in vivo depletion of NK
cells was performed using anti-NK1.1 Ab in the study done by
O’Sullivan et al. (14). This Ab might also deplete a subset of DCs
expressing NK1.1, leading to loss of IFN-vy production by them as
well as by NK cells (4). Note that observations from experiments
with anti-NK1.1 Ab could not rule out the potential contribution
of such DCs to innate response. Additionally, it was not ascer-
tained in the previous study whether induced MIl-type macro-
phages directly participate in the regression of syngeneic tumors,
because functional experiments represented by in vivo depletion
of macrophages that were performed in the current study were not
carried out (14). At present, it appears that differences in immu-
noediting between the settings of syngeneic versus xenogeneic
tumors still remain to be elucidated.

CD47 binds to sirpa to send a signal inhibiting phagocytosis
by self-macrophages. Although mouse macrophages basically
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FIGURE 5. Analogous experiments using MIA PaCa-2 cells provide
findings roughly similar to those from experiments using HCT116 cells
except for lack of suppression of metastases by macrophages in NOG
hosts. (A) Amounts of metastatic foci were immunohistochemically eval-
uated 2 wk after the intrasplenic transfer to NOD/SCID and NOG hosts
undergoing indicated treatment by detecting HLA class I expression of
MIA PaCa-2 celis. (B) Representative results of photographic imaging of
immunostained sections are shown. Columns show mean; bars indicate
SD. asGM1, treatment with anti-asialo GM1 antiserum to deplete NK
cells; CI-L, treatment with Cl,MDP-liposomes to deplete macrophages;
Control, treatment with saline. *p < 0.05, statistically significant differ-
ence when compared with each group of NOD/SCID hosts.

eliminate xenogeneic cells due to inability of xenogeneic CD47 to
bind to mouse sirpa, human CD47 can bind to sirpa encoded by the
NOD-derived allele to avoid elimination of human cells by the
NOD background macrophages (5, 6). Resembling hepatic me-
tastases of HCT116 cells transferred to NOG hosts in the present
study, reconstitution of human platelets and erythrocytes in the
periphery was suppressed by host macrophages in contrast to that
of leukocytes in the periphery and of all lineages of hematopoietic
cells in the marrow in NOG hosts in previous studies (20, 21).
Susceptibilities of human cells to elimination by NOG mouse
macrophages may differ by cellular origin, differentiation, and
neoplasticity.

As with NK cell development, IFN-y production by DCs
requires IL-15 signaling, which involves IL-2Rvy. (22, 23). As
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FIGURE 6. Distribution of F4/80* and Yml* cells in MIA PaCa-2
metastatic foci differs from that in HCT116 metastatic foci in NOG hosts.
(A) Representative results of histological examination of the livers in intact
NOD/SCID versus NOG mice with indicated staining are shown. (B)
Representative results of histological examination of HCT116 metastatic
foci versus MIA PaCa-2 metastatic foci in the livers of NOG hosts with
indicated staining are shown. Regions encircled by a broken line demar-
cate tumors.

expected, NOG mice lack IFN-y produced by DCs (3). More re-
cently, it has been revealed that a subset of DCs producing IFN-y,
which is represented by the CD11¢*B220*CD122* phenotype, is
absent from NOG mice (4). The decline in metastatic foci by
mouse IFN-y administration to NOG hosts appeared to reflect
compensation for lack of the IL-2Rvy.~dependent elimination of
HCT116 cells via IFN-y produced without requiring NK cells and
macrophages. The IFN-y—mediated effects to eliminate HCT116
cells should be exerted by IFN-y—stimulated host cells owing to
the absence of direct bioactivities of mouse IFN-y on human cells
(12). It is plausible that hematopoietic cells, such as granulocytes,
and some nonhematopoietic cells are responsible for the antitumor
effects induced by mouse IFN-y administration to hosts lacking
both macrophages and IL-2R+y.—dependent effectors. The possible
mechanisms of antitumor effects triggered by IFN-y include direct
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FIGURE 7. Lack of IL-2Ryc—-depen-
dent tumor elimination appears to be
partially compensated by IFN-y admin-
istration. Amounts and distributions of
metastatic foci were intravitally evalu-
ated 1 wk after the intrasplenic trans-
fer to NOG mice undergoing indicated
treatments by detecting the fluorescence
of HCT116/Venus cells. Columns show

mean; bars indicate SD. *p < 0.05, : 0.0
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cellular attacks and indirect destruction via reactive oxygen spe-
cies and NO produced by IFN-y-stimulated cells (24). It is of
considerable interest that the treatment of NOG hosts with IFN-y
did not achieve such full eradication of transferred HCT116 cells
as occurred in NOD/SCID hosts even depleted of both NK cells
and macrophages. This incompleteness suggests at least two
possibilities. One is that a part of elimination of HCT116 cells
may be mediated by IFN-y~independent mechanisms in the pres-
ence of IL-2R+y.. Another is that innate cells producing IFN-y
dependently on IL-2Ry, function, which exist in NOD/SCID but
not in NOG mice, may be also stimulated by IFN-y to completely
eradicate HCT116 cells.

IFN-y has been reported to polarize macrophages toward M1
type (14, 15). However, there were no discernible differences in
the M1/M2 macrophage ratio evaluated immunohistochemically
between IFN-vy-treated versus nontreated NOG hosts undergoing
HCT116 cell transfer (data not shown). Of note, the IFN-y
treatment reduced metastases in NOG hosts depleted of macro-
phages as well as those not depleted of macrophages. This sug-
gests that skewing of M1/M2 macrophage ratio is less important to
the mechanisms of effects of the IFN-y treatment in NOG hosts. It
is likely that M1 macrophage polarization is involved in innate
response without, but not with, IL-2R+y function.

The arrest of HCT116 cells inside sinusoids of periportal regions
of hepatic lobules within 30 min after the transfer was not influ-
enced by the presence of macrophages or IL-2Rvy.—dependent
effectors. The antitumor effects exerted with or without IL-2Rvy,
function appeared to require a priming phase after the transfer of
HCT116 cells, suggesting that stimuli related to the transplanta-
tion procedures, such as debris of transferred cells, may trigger
innate response to eliminate tumors (25).

The analogous experiments using MIA PaCa-2 cells also
revealed that innate response to tumor cells does not require NK
cells or macrophages in the presence of IL-2Ry,, function, although
evidence for suppression of metastases by macrophages in the
absence of IL-2Rry, function was lacking, unlike the experiments
using HCT116 cells. In intact livers of mice not undergoing
transfer of tumor cells, M1/M2 macrophage polarization was
roughly similar in NOD/SCID and NOG strains because of lack-
ing obvious differences in the distribution of F4/80" cells and
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Yml-expressing cells in the livers. Alternatively, given that the
HCT116 metastases increased by macrophage depletion as well as
the discernible predominance of F4/80* cells lacking Yml ex-
pression in the HCT116 metastatic foci, M1 macrophages likely
contribute to the defense in NOG hosts.

A considerable number of Ym1-expressing cells in MIA PaCa-2
metastatic foci were not only localized out of distribution of F4/80*
cells but were also morphologically distinct from macrophages.
Some such cells resembled immature granulocytes. Ym1 has been
reportedly expressed not only by macrophages but also by im-
mature granulocytes, monocytes, and myeloid progenitor cells
(26-28). Myeloid-derived suppressor cells (MDSCs), a heteroge-
neous population of myeloid cells, including granulocytic or mono-
cytic characteristics, are recognized as a key player in escape
from immune response and tumor progression. In our preliminary
study, MDSCs defined by coexpression of Grl and CD11b, es-
pecially granulocytic MDSCs, which highly express Grl, were
increased in the peripheral blood of NOG mice after transfer of
MIA PaCa-2 cells, compared with those after transfer of HCT116
cells and with those not undergoing any transfer (data not shown).
A previous study has also shown expansion of MDSCs in NOD/
SCID mice undergoing s.c. transplantation of MIA PaCa-2 cells
(29). Taken together, it would be likely that non-macrophagic
cells expressing Ym1 in the MIA PaCa-2 metastatic foci poten-
tially represented MDSCs.

The lack of increase in MIA PaCa-2 metastases in NOG hosts
depleted of macrophages would be explained by the idea that MIA
PaCa-2 cells overcome or impair the macrophage response. Dif-
ferences in the sensitivity to tumoricidal activities by macrophages
between HCT116 versus MIA PaCa-2 cells still remain to be
elucidated, although the predominance of Yml-expressing cells
over F4/40" cells in the metastatic foci suggests that MDSCs
and/or M2 macrophages support MIA PaCa-2 tumor progres-
sion via inhibition of M1 macrophage polarization.

Collectively, comparison of observations between HCT116
metastases versus MIA PaCa-2 metastases may be a model to
understand immunoediting via modulation of innate responses with
or without IL-2R+y function in tumor-bearing hosts that lack
adaptive immunity. Considering the observations from the liver
metastasis models using HCT116 cells and MIA PaCa-2 cells,



