
Immuno-potentiating pathway of HBsAg-HBIG
immunogenic complex visualized

Hu Liu1,2, Shuang Geng1, Bo Wang1, Bing Wu2, Xiaoping Xie2, Shuang Wang2, Yiwei Zhong1, Xuanyi Wang1, Di Qu1,
Yumei Wen1, and Bin Wang1,*

1Key Laboratory of Medical Molecular Virology of MOH and MOE; Fudan University Shanghai Medical College; Shanghai, China; 2China State Key Laboratory for

Agro-Biotechnology; College of Biological Science; China Agricultural University; Beijing, China

Keywords: cross-presentation, chronic hepatitis B, therapeutic vaccine, dendritic cells, HBsAg-anti-HBs complex

Chronic viral hepatitis B (CHB) is a major global health problem. A therapeutic vaccine for CHB comprised of yeast-
derived recombinant HBsAg-anti-HBs immunogenic complexes (YIC) has been devloped by us. A series of clinical trials
has shown its therapeutic efficacy in decreasing HBV viral load and converting serum HBeAg-positive to anti-HBe-
positive status in a subpopulation of CHB patients. Herein, we present a study of the immuno-potentiating mechanisms
of YIC revealed by live-cell imaging technology. We studied internalization and dissociation of YIC in cells in vitro, and
antigen presentation and T cell stimulation in mice. We found that after YIC was internalized via the Fcg receptors
(FcgR) of antigen presenting cells, it was subsequently transferred through early and late endosomal into lysosomal
compartments. The dissociation of YIC was mainly observed in the late endosome. Furthermore when YIC were injected
into mice, the populations of IFN-g- and TNF-a-producing CD8C and CD4C T cells were higher in the YIC group than in
controls receiving antigen or antibody alone. These observations supplement the known mechanisms of YIC action as a
therapeutic vaccine for CHB.

Introduction

Diseases caused by hepatitis B (HBV) have a worldwide distri-
bution. Despite the success of HBV vaccines for prevention of
infection, HBV-related diseases remain a serious worldwide
problem. According to the World Health Organization (WHO),
more than 2 billion people around the world are reported to
have been infected with HBV. Approximately 360 million of
these individuals are chronic carriers and at risk of HBV-associ-
ated diseases such as liver cirrhosis and hepatocellular carcinoma
(HCC).1 Interferon and various antiviral drugs have shown effi-
cacy in inhibiting replication of HBV. However, important
unsolved problems remain: toxicity of the therapeutic agents;
emergence of HBV mutants including drug-resistant viral strains;
failures of viral clearance that necessitate long-term follow-up.

Compromised immune responses against HBV have been
considered to be major contributors to virus persistence and the
consequent pathogenesis of chronic liver disease. Key defects
have been observed in cellular immunity, with dysfunction of
dendritic cell (DC) and cytokine production.2,3 Multiple thera-
peutic approaches have been investigated to reverse the defects by
boosting these host immune responses that are vital for the con-
trol of viral persistence.4,5

One strategy that we previously applied showed that YIC
immunization could reverse the immunocompromisation to
HBsAg that normally prevails in HBsAg-transgenic mice by

evoking humoral and cellular immune responses to the antigen.
Reduction of HBsAg level, induction of anti-HBsAg antibody in
the serum and a cytolytic T cell response (CTL) with increased
interferon-g (IFN-g) were detected in the YIC-immunized
mice.6 A series of clinical trials based on this concept have been
conducted, in which immunization with plasma-derived HBsAg
complexed to HBIG (anti-HBs immunoglobulin) was shown to
reduce the HBV load and to induce anti-HBeAg antibody in
some patients.7-9 The clinical trials showed that YIC could pro-
mote the maturation of monocyte-derived DC (M-DCs) from
patients by up-regulating the expression of HLA-II, B7 (CD80
& CD86) and CD40. In addition, YIC-stimulated DCs secreted
higher levels of IL-12 and more efficiently activated T cells com-
pared to HBsAg- or HBIG-stimulated DC from the same
patient.7 A recent study reported that vaccination of mice with
immune complex-loaded DCs significantly delayed tumor growth
compared to vaccination with DCs loaded with the same amount
of non-complexed antigen.10 Another study showed that immune
complexes could activate DCs and enable them to efficiently
prime antigen-specific CD8C CTL responses in vivo.11

In this study, mechanisms involved in efficacy are revealed.
We used confocal microscopy and a live-cell imaging system to
investigate the processing and presentation of YIC in antigen
presenting cells. An endocytic pathway of internalization and
processing of HBIG-bound HBsAg that favours favors cross-pre-
sentation of antigen is suggested. This study provided additional
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support for our work using immune complexes as a therapeutic
vaccine for chronic HBV infection.

Results

Facilitated entry of HBsAg complexed to antibody into
DC2.4 cells is FcgR dependent

FcgRs comprise several types of receptors expressed on most
cells of the hemopoietic lineages, including DCs, and play a piv-
otal role in linking the humoral and cellular arms of the immune
response. To confirm that enhanced internalization of HBsAg
when complexed to HBIG was FcgR dependent, Fc receptor
blocker was used to inhibit entry into DC2.4. Based on immuno-
fluorescence images, the blocking was observed to be most effec-
tive after 4 h and not effective after 12 h (Fig. 1A), some

inhibition was also observed after 1 h (Fig. 1B). These results
were consistent with previous studies.12

IC co-localized with early endosome, late endosome, and
lysosome but not with golgi body

Exogenous proteins that are internalized by a cell are degraded
by lysosomal proteolysis. To examine the processing pathway of
IC in DC2.4, flurorecence-labeled antigen (green) and IC (grey-
gray) were incubated with cells for various durations. As depicted
in Figure 2, IC was observed to co-localize with early endosomes,
late endosomes and lysosomes (arrows indicate the co-localized
signals), but not with the golgi bodies. The HBsAg was distrib-
uted with a somewhat similar pattern, but the lower intensity of
fluorescence indicated that the amount internalized was much
lower than for IC (Fig. 2). The IC were seen to have more

Figure 1. The enhanced entry of IC to DC2.4 is FcgR-dependent in Fc blocking assays. (A) DC2.4 cells were treated with different concentration of mouse
BD Fc blocker for 15 min and washed with PBS 3 times. Then the cells were incubated with medium or IC (10 mg/ml) for 4 h or 12 h, washed with PBS
and analyzed on a Calibur. Data were acquired by CellQuest and were analyzed with FlowJo software. (B) DC2.4 cells were cultured on glass-bottom 35-
mm tissue culture dishes in complete medium. DC2.4 cells were treated or not with 5 mg/ml BD Fc blocker for 15 min, and cells were washed with PBS
for 3 times. Then cells were incubated with IC for 1 h, followed by 3 washes with PBS. Images were acquired by Leica fluorescent microscopy. Data
shown are representative from three 3 independent experiments.
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intensive co-localization in lysosomal
compartments than in other compart-
ments, suggesting that this may be the
main IC processing location.

IC dissociated first in the early
endosome, followed by late endosome
and lysosome

Live-cell imaging analysis was used to
dynamically monitor internalization and
the processing of IC in DC2.4 and rep-
resentative videos are shown. Video sV4
was analyzed and animated using Ima-
ris7.4.2 simulation software based on
sV1 and sV2; videos sV3, sV5 and sV6
were analyzed and animated based on
their corresponding original material.
Green solid spheres represent HBsAg,
pink solid spheres represent HBIG and
red solid spheres represent other organ-
elles. The black arrows indicate the co-
localized signals which show as dual
color spheres in enlarged images. For
late endosomes, the traced purple line
indicates the dynamic movement of the
HBsAg that has dissociated from the IC
and the green arrow indicates its final
destination. These images showed that
IC started to dissociate in the early endo-
some, followed by further dissociation in
the late endosome and lysosome
(Fig. 3). No IC was observed in the
golgi bodies, which was consistent with
the results from confocal microscopy.

IC co-localized with MHC-I and
MHC-II which were distributed on endosome, lysosome and
ER

It was previously reported that IC bound antigen could be
presented by MHC-II and cross-presented to MHC-I.11,12 We
performed co-locations assays to test if HBsAg-HBIG IC could
associate with both MHC-I and –II. As shown in Figure 4A, IC
was co-localized strongly with MHC-II residing in endosomes,
lysosomes and ER. As shown in Figure 4B, IC was also associ-
ated with MHC-I and co-localized in the endosomes and lyso-
somes, athough the MHC-I signal was much lower than that of
MHC-II. This class I and II assocation of IC is consistent with
previous studies demonstrating strong humoral and cell-medi-
ated immune (CMI) responses, notably including CD8C CTL
responses.7

DC2.4 pulsed with IC had great potential to prime T cells
In order to analyze the biological functions of DC2.4 that had

been stimulated with different forms of antigens, DC2.4 cells
pulsed with PBS, HBIG, HBsAg or IC in vitro were adoptively
transferred to syngeneic mice that had previously been

immunized with HBsAg. Two days after the transfer, T cell pro-
liferation and cytokine expression were analyzed. As shown in
Figure 5A, we observed that higher levels of IFN-g producing
CD4C and CD8C T cells and of TNF-a producing CD8C T
cells could be isolated from recipients of IC-pulsed DC2.4 than
from recipients of HBsAg pulsed DC2.4. However, the expres-
sion levels of IL-2, perforin and granzyme B were not signifi-
cantly different between these two groups (data not shown).
Nevertheless, both CD4C and CD8C T cells of mice that had
received IC-pulsed DC2.4 showed higher levels of Ki67 expres-
sion compared to the group that had received HBsAg-pulsed
DC2.4 (Fig. 5B), suggesting a more potent memory recall
response.

Discussion

For around two 2 decades, we have been studying and devel-
oping YIC as a therapeutic vaccine for chronic hepatitis B

Figure 2. IC co-localization with cellular organelles and dissociations. DC2.4 cells were cultured on
coverslips in 6-well dishes in complete medium. After 24 h, cells were labeled using CellLight reagents
for early endosome (EE), late endosome (LE), lysosome (Lyso) and Golgi for 24 h. DC2.4 cells were fur-
ther incubated with fluorescence conjugated IC (10 mg/ml) or fluorescence conjugated HBsAg (10 mg/
ml) for 8 h before fixation. Nucleus was stained with DAPI (blue), HBsAg with green, HBIG with cyan,
and organelles with red. Fluorescent images were acquired on an inverted Leica TCS SP5 confocal
laser-scanning microscope with a 63£ objective and analyzed by Leica Confocal Software. Multiple
color images were acquired by scanning in sequential mode to avoid cross excitation. Images were
processed and analyzed with Leica Confocal Software LCS and ImageJ. Arrows indicate the co-local-
ized signals. ICs are co-localized with early endosome, late endosome, and lysosome but not with
Golgi. Shown are representative images of at least three 3 independent experiments.
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patients. Our goal here has been to elucidate the mechanisms of
the immune potentiating and therapeutic effects of HbsAg-
HBIG immunogenic complexes.

In this study, we used confocal microscopy and live-cell imag-
ing technology to actually look at the endocytic internalization
pathway of HBsAb-bound HBsAg. Because we wanted to study
the HBsAg-HBIG product being used in patients, we did not use
a mouse anti-HBs antibody to substitute for human HBIG, and
assume that the effects of IC resemble those which may occur in
human. We not only confirmed that DC2.4 cells were robust in
uptake of the HBsAg complexed to HBIG via the FcgR, but also
we directly showed that the antibody complexed to HBsAg
entered into the cellular endocytic pathway and may have pro-
tected the antigen from rapid degradation. A prolonged persis-
tence of HBsAg may enhance the cross-presentation in APCs, a
mechanism which is consistent with a recent study by others.13

Another recent study showed that pro-
longed antigen presentation by immune
complex-binding dendric cells actually
programs the proliferative capacity of
memory CD8C T cells.14 So the pro-
longed life of HBsAg in YIC may also
enhance the function of specific memory
CD8C T cells.

Exogenous proteins are endocytosed
and enter a vesicular pathway with suc-
cessively more acidic and proteolytically
active compartments consisting of early
endosomes, late endosomes, and lyso-
somes. Exogenous proteins can also be
internalized by phagocytosis with a simi-
lar pathway and degraded in phagolyso-
somes that are formed by the fusion of
phagosomes and lysosomes.15 It is well
known that peptides derived from exoge-
nously acquired antigens can be pre-
sented on MHC-I of professional APCs.
This process is known as a cross-presen-
tation and CD8C T cells can be primed
by such antigens, a process known as
cross-priming.16,17 We know from pre-
vious studies that IC can generate cross-
priming and activate CD8C T cells.11

Cross-priming serves to activate cyto-
toxic T lymphocytes for immune defense
against viruses and tumors and plays
an important role in effective
vaccinations.18

From our dynamic analysis, although
HBsAg and IC were processed with sim-
ilar endocytic pathways, we showed that
IC was progressively co-localized with
early endosomes, late endosomes, and
lysosomes after addition to cells (Figs. 2
and 3). Since the IC was internalized
more efficiently, it may be that associa-

tion with Fcg receptors protected the HBsAg from rapid degra-
dation, leading to more efficient antigen processing and
presentation of HBsAg when compared with HBsAg alone.
Although MHC-I expression was much lower than MHC-II
(Fig. 4), IC was present together with both MHC-I and MHC-
II molecules in the same cellular compartments. This would
likely facilitate association of processed IC with pathways of
cross-presentation. It was striking that IC seemed to also associate
with MHC-I, even though it co-localized more with MHC-II.
Possibly IC has a longer retention time in the endocytic pathway
which could increase the chance of interaction with MHC-1 for
the antigen cross-presentation. In addition, IC was observed to
be co-localized with MHC-II in ER, which was inconsistent with
traditional theory of antigen processing and presentation on
MHC-II. However, recent study has given rise to an alternative
hypothesis, that the ER can serve as the main intracellular

Figure 3. IC partially dissociated in the early endosome, late endosome and lysosome. For live imag-
ing, DC2.4 cells were cultured on glass-bottom 35-mm tissue culture dishes in complete medium.
After 24 h, cells were labeled using CellLight reagents for early endosome, late endosome, lysosome
and golgi according to the manufacturer’s instruction for 24 h. DC2.4 cells were incubated with IC
(10mg/ml) for 1 h then washed with PBS 3 times. Cells were then maintained in HEPES solution in a
humidified chamber at 37�C and 5% CO2 throughout the experiment. Cells were imaged using a
Nikon A1R confocal laser-scanning microscope with a 60£ objective. Images were captured at 5-min
intervals for 1 h. Videos were processed and analyzed with Nikon NIS-Elements AR and Imaris7.4.2.
Green solid spheres represent HBsAg, pink solid spheres represent HBIG and red solid spheres repre-
sent other organelles when the videos were analyzed and simulated with Imaris7.4.2. Representative
co-localized signals were indicated with black arrows where the dual color sphere was further
showed in enlarged images with colored arrows.. The traced purple line indicates dynamic move-
ment of the dissociated HBsAg from the IC and the green arrow indicates its final destination at end
of recording. Shown are representative images of at least three 3 independent experiments.
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membrane source to phagosomes, sus-
taining a process known as ER-medi-
ated Phagocytosis. Antigen taken up
by ER-mediated Phagocytosis can also
enter the pathway for presentation on
MHC-II.19,20 Evidently the IC inter-
nalization can involve mutiple com-
plexed pathways.

Since adoptive transfer of IC-
pulsed DC2.4 into mice was more
effective than transfer of antigen-
pulsed DC2.4, resulting in higher
expression levels of IFN-g and TNF-
a by CD8C T cells, enhanced presen-
tation by DC may account for our
previous observation that YIC was
superior to antigen for induction of
antigen-specific CTL in HBsAg trans-
genic mice.6 DC2.4 is a murine DC
cell line derived from C57BL/6 and is
well characterized and widely used for
antigen presentation studies.21-24 It
expresses MHC class I and class II
molecules. It can present exogenous
antigens on both MHC class I and

Figure 4. IC co-localized with MHC-I and
MHC-II distributed among endosome,
lysosome and ER. DC2.4 cells were cul-
tured on coverslips in 6-well dishes (Fal-
con) in complete medium. After 24 h,
cells were labeled using CellLight
reagents for early endosome (EE), late
endosome (LE), endoplasmic reticulum
(ER) and golgi according the manufac-
turer’s instruction. After 24 h, the cells
were incubated with IC (Dylight conju-
gated HBsAg complexed to unlabeled
HBIG) for 8 h. Then the cells were fixed
with 4% formaldehyde for 15 min. Cells
were then incubated in 1£ PBS contain-
ing 1% fetal bovine serum and 0.1% Tri-
tonX-100 for permeabilization and
blocking for 15 min at room tempera-
ture. Then the cells were stained with
MHC-II (A) and MHC-I (B) conjugated to
APC for 1 h in 1£ PBS, followed by 2
washes. Nucleus was stained with DAPI
(blue), IC with green, MHC-I/II with cyan
and organelles with red. Fluorescent
images were acquired on an inverted
Leica TCS SP5 confocal laser-scanning
microscope with a 63£ objective, using
Leica Confocal Software. Multiple color
images were acquired by scanning in
sequential mode to avoid cross excita-
tion. Images were processed and ana-
lyzed with Leica Confocal Software LCS
and ImageJ. Shown are representative
images of at least three 3 independent
experiments.
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class II molecules and efficiently mediate cross-presentation.21

This cell line is particularly useful for evaluating IC treatment
effects in vitro and in vivo, considering the complex differentia-
tion procedures needed for primary DCs and the limited num-
bers that are obtained. Antigen processing pathways are highly
conserved between species and the effects we observed with the
DC2.4 could also apply to mouse and human primary DCs.
However, it would certainly be more convincing to demonstrate
these effects with humans DCs, especially DCs from CHB
patients. In addition, our data only showed the dynamic phe-
nomena in a qualitative manner; it will be more informative in
future to capture and analyze the whole dynamic internalization
process quantitatively, comparing IC to HBsAg alone. These
outstanding issues will be investigated in our future studies.

In conclusion, we have presented visual data on the processing
of HBsAg-HBIG immunogenic therapeutic vaccine in dendritic
cells. From these studies, we could see the intracellular pathways
taken and the localization of IC in different compartments. The
co-localization of IC with MHC-I molecules suggested there
may be cross-presentation occuring in the processing and presen-
tation of IC, which may need further studies. These studies have
deepened our understanding of the mechanisms engaged by
immunogenic complexes and allowed us to manipulate the

immune response to break the immune tolerance that arises in
HBV and other viral persistent infections.

Materials and Methods

Cells and cell cultures
Murine dendritic cell line, DC2.4 was cultured at 37�C in 5%

CO2 in complete medium consisting of DMEM, 100 U/ml pen-
icillin, 100 mg/ml streptomycin, and 10% fetal bovine serum
(FCS).

Antibodies and reagents
Plasma-derived HBsAg was purchased from GuiKang Bio-

chem Co., Ltd. (Shanghai, China). Human high-titer anti-HBs
immunoglobulin (HBIG) was purchased from Bayer (NY, USA).
HBsAg was labeled with Dylight 488 (green) and HBIG was
labeled with Dylight 633 (cyan) according to the manufacturer’s
instruction (Thermo, Rockford, USA). Purified rat anti-mouse
CD16/CD32 (Mouse BD Fc BlockTM) was purchased from BD
Biosciences. Anti-LAMP1 antibody (Cy3 �) (ab67283) was pur-
chased from Abcam (Cambridge, USA). CellLightTM Early
Endosomes-RFP (C10587), CellLight� Late Endosomes-RFP

Figure 5. DC2.4 pulsed with IC had great potential to prime HBsAg specific T cells. DC2.4 cells were stimulated with PBS, HBIG, HBsAg and IC for 24 h,
then the pulsed and unpulsed DC2.4 cells were transferred to mice immunized with HBsAg. Two days after adoptive transfer, cytokine expression (A)
and T cell proliferation (B) of T cells in response to HBsAg stimulation were detected in cells from recipient mice using intracellular staining. Data shown
are representative from three 3 independent experiments.
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(C10589), CellLightTM ER-RFP (C10591), CellLightTM Golgi-
RFP (C10593), CellLightTM Lysosomes-RFP (C10597) were
purchased from Invitrogen Molecular (Carlsbad, USA). The
fluorescent conjugated HBsAg and HBIG were characterized by
Nano-Drop detection of the OD280nm value and OD493nm
(for Dylight488) or OD627nm (for Dylight633). Dye:protein
(F/P) molar ratios was calculated according to the manufacture’s
instruction. F/P ratio at 4–7 was optimal for the conjugation.
The conjugated HBsAg and HBIG were mixed at an appropriate
ratio (described in US patent 6,221,664 B1 and European patent
913157) and incubated at 37�C for 2 h, then kept at 4�C for
24 h. After centrifugation at 12,000 rpm for 30 min, the super-
natant was removed and the deposit was resuspended.

Flow cytometric analysis
DC2.4 cells were grown to subconfluency on 24-well dishes in

complete medium. After incubation with IC (10 mg/ml) for dif-
ferent durations, cells were washed with PBS and analyzed on a
Calibur (BD Biosciences). For Fc blocking assay, DC2.4 cells
were treated with mouse BD Fc blockers for 15 min before being
washed with PBS 3 times. After, cells were further incubated
with IC (10 mg/ml) for different times before being washed with
PBS and analyzed on a Calibur (BD Biosciences). Data were
acquired by CellQuest (BD Biosciences) and analyzed with
FlowJo software (Tree Star Inc.).

Immunofluorescence microscopy
DC2.4 cells were cultured on coverslips in 6-well dishes (Fal-

con, Rockford, USA) in complete medium. After 24 h, cells were
labeled using CellLight reagents (Molecular Probe, Invitrogen)
according the manufacturer’s instructions for 24 h. Then DC2.4
cells were incubated with IC (10 mg/ml) for different times and
then fixed with 4% formaldehyde for 15 min. For fixed-image
analysis, cells were further incubated in 1£ PBS containing 1%
fetal bovine serum and 0.1% TritonX-100 for permeabilization
and blocking followed by staining with conjugate antibodies for
30 min in 1£ PBS and 2 washes. Nuclei were stained with
DAPI (Sigma-Aldrich, St Louis, MO, USA) for 5 min, followed
by 5 washes with PBS. Fluorescence images were acquired on an
inverted Leica TCS SP5 confocal laser-scanning microscope with
a 63£ objective. Multiple color images were acquired by scan-
ning in sequential mode to avoid cross excitation. Images were
processed and analyzed with Leica Confocal Software LCS and
ImageJ.

Live cell imaging analysis
For live imaging, DC2.4 cells were cultured on glass-bottom

35-mm tissue culture dishes (NEST Biotechnology Co.Ltd, Rah-
way, NJ, USA) in complete medium. After 24 h, cells were
labeled using CellLight reagents (Molecular Probe, Invitrogen)
according to the manufacturer’s instruction for 24 h. Then
DC2.4 cells were incubated with IC (10 mg/ml) for 1 h and
washed with PBS 3 times then kept in HEPES solution in a
humidified chamber at 37�C and 5% CO2 throughout the experi-
ment. Cells were recorded using a Nikon A1R confocal laser-scan-
ning microscope with a 60£ objective. Images were captured at

5-min intervals for 1 h. Images were processed and analyzed with
Nikon NIS-Elements AR and Imaris7.4.2 (Bitplane AG, Zurich).

Adoptive transfer of DC2.4 to mice immunized with HBsAg
Female 6–8 weeks old C57BL/6 wild type mice were pur-

chased from the Shanghai SLAC Laboratory Animal Co. Ltd.
(Shanghai, China). All mice were kept under specific pathogen-
free conditions at Fudan University and handled according to
the animal welfare guidelines for experimental animals. In total
24 mice were immunized with HBsAg (2 mg/animal) for three
3 times with 2-week intervals. DC2.4 cells were pulsed either
with PBS, HBIG, HBsAg (10 mg/ml) or IC for 24 h, then
arrested with mitomycin C for 30 min, followed by extensive
washing in PBS. The pulsed and unpulsed DC2.4 (2 £ 106 cells/
animal) were injected to HBsAg immunized mice (6 mice/group)
via a tail vein. Single-cell splenocyte suspensions were prepared
from recipient mice on day 2 after the adoptive transfer according
to following protocol. In brief, the spleen was taken out and
homogenized by the black rubber end of a 2-ml syringe. The
homogenized cell suspension was centrifuged at 300 x g for
5 min. The supernatant was removed and the red blood cells
were lysed by lysing reagent. Then the cells were washed with
PBS and resuspended in RPMI1640 supplemented with 10%
FCS. The splenocytes were stimulated with HBsAg (10 mg/ml)
in vitro for 24 h or 48 h in the presence of BD GolgiPlug (BD
Biosciences, USA). The stimulated cells were fixed with 4% para-
formaldehyde at 4�C for 15 min, permeabilized with 0.1%
saponin (Sigma-Aldrich) and immunostained with CD4-FITC,
CD8a-APC, IFN-r-PE, Ki-67-PE, TNF-aalpha-PE-Cy7, IL-2-
PerCP-Cy5.5, Perforin-PE, GranzymeB-Alex647. Data were
acquired using BD LSR Fortessa and FACSDiva software (BD
Biosciences) and analyzed using FlowJo (TreeStar, San Carlos,
CA, USA). Fluorescent-conjugated anti-mouse monoclonal anti-
bodies were purchased from eBioscience (CA, USA) and BioLe-
gend (CA, USA). Results are presented as means with standard
error of the mean (SEM). Student’s t-test analysis was used for
data analysis. Analyses were performed with GraphPad Prism 5
software (GraphPad, La Jolla, CA). A value of p � 0.05 was con-
sidered statistically significant.
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