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Abstract: Advanced bladder cancer is still an area of high unmet need even with the use of immune checkpoint
inhibitors and antibody drug conjugates. Therefore, transformatively novel therapeutic approaches are needed.
Xenogeneic cells are capable of inducing potent innate and adaptive immune rejection responses, which proper-
ties could turn xenogeneic cells into an immunotherapeutic agent. Here, we investigated the anti-tumor effects
of intratumoral xenogeneic urothelial cell (XUC) immunotherapy alone and in combination with chemotherapy in
two murine syngeneic models of bladder cancer. In both bladder tumor models, intratumoral XUC treatment sup-
pressed tumor growth, and the efficacy was enhanced with chemotherapy. The experiments on mode of action
for intratumoral XUC treatment found that the remarkable local and systemic anti-tumor effects were achieved
with significant intratumoral immune cell infiltration and systemic activation of immune cell cytotoxic activity, cy-
tokine IFNy production and proliferation ability. The intratumoral XUC alone and combined treatment increased T
cell natural Killer cell infiltration into tumors. In the bilateral tumor model with intratumoral XUC monotherapy or
combined therapy, the uninjected tumors at the other side also simultaneously demonstrated significant tumor
growth delay. Consequently, intratumoral XUC treatment alone and the combination resulted in elevated chemokine
CXCL9/10/11 levels. These data suggest that intratumoral XUC therapy may be useful in the treatment of advanced
bladder cancer as a local therapy that injects xenogeneic cells into either primary or distant tumors. By exerting both
local and systemic anti-tumor effects, this new treatment would complete the comprehensive cancer management
along with systemic approaches.
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Introduction

Bladder cancer is a major cause of morbidity
and mortality worldwide and it was estimated
with 81,180 cases and 61,700 deaths in US in
2022 [1]. For advanced bladder cancer, five-
Year relative survival rate only increased one
single digit from 5 to 6% with a decade of
efforts to find more treatment options [2]. For
eligible patients with advanced bladder cancer,
platinum-based chemotherapy: gemcitabine
plus cisplatin (GC) or methotrexate, vinblastine,
doxorubicin, and cisplatin (MVAC) is standard
first line therapy [3]. For patients who show
either response or stable disease through their
full course of platinum-based first-line chemo-

therapy, maintenance therapy with the immune
check point inhibitor (ICl), programmed cell
death ligand 1 (PD-L1) inhibitor, avelumab is
now recommended [4]. That was based on the
randomized phase Il JAVELIN Bladder 100 trial
that showed avelumab maintenance therapy
significantly prolonged overall survival com-
pared with the best supportive care alone, but
by more than 7 months and not all patients
are eligible for maintenance therapy [5].
Pembrolizumab is a PD-1 ICl used as a second-
line therapy for patients with bladder cancer
who previously received chemotherapy and
subsequently experienced disease progression
or metastasis and is also an option for first-line
treatment of patients with advanced or meta-
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static urothelial carcinoma who are not eligible
for any platinum-containing chemotherapy [6,
7]. However, in phase 3 KEYNOTE-361 trial sin-
gle-agent pembrolizumab, pembrolizumab plus
chemotherapy (cisplatin or carboplatin plus
gemcitabine) and chemotherapy only resulted
in median progress free survival (PFS) 3.9, 7.1
and 8.3 months and median overall survival
(0S) 15.6, 14.3 and 17.0 months respectively,
indicating that the addition of pembrolizumab
to first-line platinum-based chemotherapy did
not significantly improve efficacy for treatment
of advanced bladder cancer [8]. Furthermore,
phase 3 IMvigorl30 trial failed to show that
adding atezolizumab, another anti-PD-L1 ICI to
chemotherapy would improve OS vs chemo-
therapy alone in this patient population whose
disease progressed during or after treatment
with a platinum-based chemotherapy (previ-
ously treated) [9]. And the phase 3 trial
(IMvigor211) also missed its primary end point
of improved OS in the patients with advanced
cancer after progression with platinum-based
chemotherapy treated with atezolizumab,
compared to second-line chemotherapy [9].
DANUBE studies demonstrated that durvalum-
ab (a PD-L1 inhibitor), with or without tremelim-
umab (a CTLA-4 inhibitor), did not have an over-
all survival benefit relative to platinum-based
chemotherapy and the combination with first
line chemotherapy has either slight improve-
ment or no improvement in survival [10].

In addition, despite there is a great promise
for immune checkpoint inhibitors in treating
advanced bladder cancer, the beneficial
response rate is limited that a large majority of
patients do not respond to anti-PD(L)1 drugs
monotherapy and in some cases, there are
severe immune adverse events [11]. These
studies highlight the challenges in treating
advanced bladder cancer and the need for
novel therapeutic agents that target host
immune and tumor microenvironment (TME) to
activate anti-tumor immunity beyond using
immune checkpoint inhibitors and chemo-
therapeutic agents. Mechanisms of immune
resistance in tumors including low tumor immu-
nogenicity and immunosuppressive TME cause
limited effect of ICl immunotherapy strategy in
the treatment of cancers. Thus, these obsta-
cles highlight the urgent need for the continu-
ing development of new immunotherapeutics
to improve anti-tumor immune responses in
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difficult-to-treat cancers, providing additional
therapeutic options with less toxicity and
more efficacy. Intratumoral immunotherapy
with direct injections of immunostimulatory
agents (immune receptor agonists, cytokines,
bacteria and virus) into the tumor sites induces
the local tumor-specific immunity and generate
a systemic, durable clinical response [12-14].

Xenogeneic cells trigger innate and adaptive
immune responses in the host body, exempli-
fied by immune cell infiltration, proliferation,
activation and cytokine production, serving as
a powerful immune barrier to successful clini-
cal xenotransplantation [15-18]. Nonetheless,
the immunological barriers could be powerful
immunological boosters in cancer immunother-
apy. In our group, we have focused on harness-
ing xenogeneic cells to enhance anti-tumor
immune responses to generate local and sys-
temic anti-tumor immunity. We have proposed
that xenogeneic cells could be used as an
immunotherapeutic agent to treat cancers [18,
19]. In our therapeutic hypothesis, the xenoge-
neic tissue-specific cells are used as an immu-
notherapeutic agent to elicit anti-tumor innate
and adaptive, as well as humoral and cellular
immunity to tumor cells of the same tissue
types since orthologous xenoantigens in xeno-
geneic tissue-specific cells and neoantigens in
tumor cells of the same tissue types share simi-
larities [19]. Xenoantigens on xenogeneic tis-
sue specific cells when administered locally
could break tolerance to self-tumor neoanti-
gens and convert an immunosuppressive mi-
croenvironment to an active one [20].

Our previous work has demonstrated that intra-
vesical administration of xenogeneic urothelial
cells (XUC) can enhance anti-tumor immunity
and convert the immunosuppressive effect of
the TME in orthotopic murine bladder tumor
models in monotherapy or combination with
chemotherapy [19]. In addition, intravesical
injection of XUCs can act as a protective agent
for the urothelium damaged by the chemother-
apeutic agent [21]. And intratumoral adminis-
tration of xenogeneic mammary cells and xeno-
geneic pancreatic cells can induce therapeuti-
cally significant anti-tumor immunity to the
poorly immunogenic 4T1 and Panl18 cell graft
tumors [22]. In this study, we further investi-
gated whether the method of intratumoral
injection of XUCs can drive local and systemic
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tumor cell-specific immune responses. We
examined whether local intratumoral injection
of XUCs into tumors, either as monotherapy
or in combination with chemotherapy, could
induce immunogenic responses and at the
same time generate therapeutically significant
anti-tumor immune effects. Murine MBT-2 and
MB49 bladder cancer cells were used for
establishing syngeneic heterotopic distant
tumor models to evaluate anti-tumor effect of
intratumoral injection of XUCs. Responses to
treatment were assessed by measuring tumor
growth and tumor weight of the tumor-bearing
mice. To investigate the mechanisms of ac-
tion, tumor histology and immunohistochemis-
try and cytokine gene expression were mea-
sured. Splenic lymphocyte proliferation, cyto-
kine production and cytotoxicity activities were
also assessed. The findings showed that intra-
tumoral injection of XUCs in monotherapy and
combination with chemotherapy inhibit tumor
growth. The therapeutic efficacy of intratumor-
al XUCs was significantly enhanced by the addi-
tion of cytotoxic chemotherapeutic agents.
Mice that received combined treatment show-
ed maximal attenuation in tumor growth rate.
The anti-tumor immunity was explained by
altered immune cell infiltration in tumors and
immune cell functions. Our findings demon-
strate that xenogeneic urothelial cells given
intratumorally, provide a potent anti-tumor
effect in murine bladder tumor models by
enhancing recruitment and activation of
immune cells in tumors for local and systemic
anti-tumor effects. Moreover, intratumoral
xenogeneic cell treatment turns immunologi-
cally “cold” tumors to “hot” ones, generates
systemic anti-tumor immunity, and synergizes
with chemotherapy.

Materials and methods
Mice

C3H/He and C57BL/6 mice, male, 6 to 8
weeks old, were purchased from National
Laboratory Animal Center (Taipei, Taiwan). All
mice were maintained in a specific pathogen-
free room at constant temperature and humid-
ity (22+5°C, 60+3% humidity) with a 12 h light-
dark cycle and treated according to National
Institutes of Health guidelines. All mouse exper-
iments and procedures were approved by the
Institutional Animal Care and Use Committee
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(IACUC) review board at the China Medical
University (Approval No. CMUIACUC-2019-126).

Cell lines and reagents

The murine bladder cancer cell line MBT-2 and
MB49 were maintained in DMEM and RP-
MI1640 respectively, supplemented with 10%
FBS, penicillin and streptomycin (complete
medium) at a humidified 5% CO, atmosphere
at 37°C. All reagents for cell cultures were
purchased from Invitrogen (Invitrogen Co.,
Carlsbad, CA). Xenogeneic urothelial cells (XUC)
were isolated and expanded from porcine blad-
der urothelium. Tissues were obtained from a
local slaughterhouse. Porcine bladder urotheli-
um were treated with Dispase Il (2.4 U/mL,
Gibco, Waltham, MA, USA) to strip urothelium
from stroma and the urothelial sheets were
minced into small pieces. The fragments were
then digested in a digestion solution with col-
lagenase Type IV (Sigma, Merck KGaA, Louis,
USA) in Hanks’ balanced salt solution (enzy-
matic activity: 100 U/ml) to disaggregate the
cells. XUC cells were isolated and grown in the
75 cm? plastic flasks with complete DMEM/
Ham’s F12 medium supplemented with 2%
Antibiotic-Antimycotic and 10% FBS. XUC pas-
sage 3-10 cells were used in the experiments.
These cells were found to be free of contamina-
tion by Mycoplasma by the Mycoplasma detec-
tion kit (Roche Diagnostics, Chicago, IL).

MBT-2 and MB49 heterotopic graft bladder
tumor murine models in syngeneic immuno-
competent mice and treatment

MBT-2 and MB49 heterotopic graft bladder
tumor murine models were generated by
implanting the tumor cells subcutaneously to
form tumors. Briefly, a total of 1 x 10® MBT-2
cells or 5 x 10° MB49 cells were injected care-
fully underneath the skins of the backs of the
mice under isoflurane anesthesia (MBT-2 cells,
C3H mice; MB49 cells, C57BL/6 mice) using
a 27-gauge needle to establish transplanted
tumor models (6-week-old male mice were
used). Tumors were measured once a week.
Once the volumes of tumors were >2000 mm?,
the mice were euthanized with 100% com-
pressed CO, gas at a flow rate of 20% chamb-
er vol/min for 5 min. Once tumors reached
50-100 mm3, the tumor bearing mice were
divided into 4 treatment groups. The tumor-
bearing mice were divided into four treatment
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groups: (i) vehicle control, (ii) xenogeneic uro-
thelial cell: intratumoral injection of xenogeneic
urothelial cells (1 x 10° or 10° cells) twice on
day O and day 7, (iii) gemcitabine plus cisplatin
(GC) chemotherapy: intraperitoneal injection
(IP) of gemcitabine (6 mg/mouse, day 1) and
cisplatin (0.12 mg/mouse, day 2) once a
week, for 4 weeks, and (iv) combined treat-
ment. Treatment procedures were performed
using sterile techniques. Graft tumor burdens
were monitored daily and measured with cali-
pers. Estimates of tumor volumes were calcu-
lated using the formula for a spheroid as length
x width? x 0.5. At the end of experiments, mice
were sacrificed, tumors were harvested and
weighed and other organs were taken for fur-
ther analysis.

Assays for splenic lymphocyte cytotoxic activity

Carboxyfluorescein diacetate succinimidyl es-
ter (CFDA-SE)-labelled MBT-2 cells or XUC cells
were prepared by staining the cells for 15 min
in the darkness with 5 yM CFDA-SE (Thermo
Fisher Scientific, C1157, USA) in PBS and then
washed. These cells were then used as the tar-
get cells for assessment of effector splenic lym-
phocyte cytotoxic activity. First the CFDA-SE
labelled cells were cultured in monolayer for 24
hours and then co-cultured with effector lym-
phocytes isolated from the spleens of mice
with different treatments at effector/target
(E:T) ratio = 10:1. After incubation for 8-10
hours, effector cells were removed, the fluores-
cent intensity of remaining adherent CFDA-SE
labeled targets cells were measured by a fluo-
rimeter. The intensity of CFDA-SE labeled tar-
gets cells without co-culturing effector cells
was set as the baseline. Relative cytotoxic
activity of effector lymphocytes from mice of
different treatment was calculated from tripli-
cate samples as [(Baseline intensity - experi-
mental intensity)/(Baseline intensity)] and
expressed as a percentage.

Enzyme-linked immunosorbent assay (ELISA)

IFNy level in culture medium of effector lympho-
cytes isolated from the tumor-bearing mice of
different treated groups, stimulated by the co-
culture of target tumor cells for 3 days, was
evaluated using an enzyme-linked immunosor-
bent assay kit (Biolegend, San Diego, CA, USA)
according to the manufacturer’s protocol.
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Mixed lymphocyte proliferation (MLR) assay

For carboxyfluorescein diacetate succinimidyl
ester (CFDA-SE) proliferation assay, lympho-
cytes from spleens of tumor bearing mice with
different treatments were labelled as effector
cells. The assay was performed by co-culturing
5 x 10* target xenogeneic cells or tumor cells
together with 5 x 10° CFDA-SE-labeled effector
lymphocytes from spleens (E/T ratio of 10:1)
for 3 days. The intensity of CFDA-SE fluores-
cence in lymphocytes was measured by us-
ing AttuneTM Acoustic Focusing Cytometer
(Thermo) and analyzed with FlowJo Software.

Histochemistry and immunohistochemistry

Tumors removed from the mice of different
treated groups were fixed in formalin and
embedded in paraffin and paraffin sections
were stained with anti-mouse Ki67 (ab16667,
Abcam, Cambridge, MA, USA), CD4 (50134-
R766, Sino Biological, Wayne, PA, USA), CD8
(50389-T26, Sino Biological), CD56 (108577-
TO8, Sino Biological) and CD11B (ab133357,
Abcam) monoclonal antibody (dilution 1:100)
by the standard manufacturer’'s procedures
using automated Leica Bond lll-autostainer.
DAB was applied and incubated to visualize the
signals of the antibody staining. Hematoxylin
was used as counterstain. The slides were
observed under a light microscope. Numeration
of staining positive cells was performed in 4
random high-power fields (HPF) of the tumor
sections x 400 magnification, and expressed
as average cell number per field.

Terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP nick end labeling (TUNEL) as-
say

DNA fragmentation in apoptotic cells of tumor
sections was detected by TUNEL assay, follow-
ing the manufacturer’s protocol. (TUNEL Bright-
Green Apoptosis Detection Kit, Vazyme Biotec,
Nanjing, Jiangsu, China). All images were ob-
tained using a fluorescence microscope (Nikon
Eclipse 80i) with an attached CCD camera.

Quantitative RT-PCR (qRT-PCR)

For gRT-PCR analysis, total RNAs was extract-
ed from tumors using TRIzol® (Invitrogen, CA,
USA). Real time RT-PCR quantitative mRNA
analyses were performed using one-step
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RT-PCR kit with SYBR Green and a Bio-Rad iCy-
cler (BioRad, CA, USA). The relative quantity of
gene expression was analyzed by the 2(-AACt)
method with normalization to the endogenous
control B-actin and the RNA level in naive con-
trol was set to 1. The sequences of IFNy prim-
ers: Forward primer: 5-CAGCAACAGCAAGGC-
GAAAAAGG-3’ and Reverse primer: 5-TTTC-
CGCTTCCTGAGGCTGGAT-3'. The sequences of
CXCL9 primers: Forward primer: 5-CCTAGTG-
ATAAGGAATGCACGATG-3’ and Reverse primer:
5-CTAGGCAGGTTTGATCTCCGTTC-3". The se-
quences of CXCL10 primers: Forward primer:
5-ATCATCCCTGCGAGCCTATCCT-3" and Reverse
primer: 5-GACCTTTTTTGGCTAAACGCTTTC-3..
The sequences of CXCL11 primers: For-
ward primer: 5-CCGAGTAACGGCTGCGACAA-
AG-3’ and Reverse primer: 5-CCTGCATTATG-
AGGCGAGCTTG-3".

NanoString analysis

Tumor samples were harvested as described
above. The samples were collected and enzy-
matically digested (Liberase™, Roche, Solna,
Sweden) before total RNA was isolated using
the RNeasy® Plus RNA isolation kit (Qiagen AB,
Sweden). The gene expression levels were
directly measured as mRNA counts using
the Mouse-Pan cancer immune-oncology kit
(NanoString, Seattle, WA). Gene expression
analysis was performed using nSolver Analysis
software (NanoString).

In vivo XUC tracking

The XUCs were first labeled with AIE dots
(LuminiCell Tracker™ 670-Cell Labeling Kit)
(EMD Millipore Corporation, Temecula, CA,
USA). AIE dot-labeled (1 nM) XUCs (1 x 10°9)
were dissolved in 30 uL, which were then intra-
tumorally injected into the tumor of mice. The
Xenogen IVIS Spectrum (Xenogen, Alameda,
CA, USA) was utilized to image the mice by
placing the anesthetized mice on the equipped
platform (Aex = 500 nm, signal collection: 680
nm), exposure time = 50 ms, scans: day O, 7,
14, and 21 post injection, respectively.

Statistical analysis

All statistical analyses were performed using
GraphPad Prism software (GraphPad Software,
Inc.). Data are expressed as mean + standard
deviation (SD). Differences between two groups
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or among multiple groups were assessed
by the unpaired t-test or the one-way ANOVA
test. Differences were considered significant at
a P level less than 0.05. P values were as fol-
lows: *P<0.05, **P<0.01, ***P<0.001, and
*%%*pP<(0.0001.

Results

The intratumoral XUCs exhibit in vivo anti-tu-
mor efficacy in monotherapy and combination
with chemotherapy using the murine MBT-2
and MB49 bladder graft tumor model

To evaluate the therapeutic effect of intratu-
moral XUC treatment for bladder cancer, we
therefore tested the anti-tumor effect of intra-
tumoral XUCs in monotherapy and in combina-
tion with chemotherapy using the murine graft
tumor model. We used murine syngeneic graft
tumor models using mouse bladder tumor cell
line MBT-2 and MB49 derived from the C3H/
He and C57BL/6 strains, respectively. Treat-
ment of intratumoral XUCs, intraperitoneal
chemotherapy or combined intratumoral XUC
immunotherapy and chemotherapy was in-
itiated when the tumor growth to 50-100 mm?.
The overall experimental strategy was present-
ed graphically as shown in Figure 1A. We per-
formed the murine syngeneic subcutaneous
heterotopic graft tumor models Hence, the
tumor-bearing mice as designed in Figure 1A
were assigned into: (1) vehicle control, (2) intra-
tumoral XUCs (1 x 105 or 10° cells), (3) intra-
peritoneal injection (IP) chemotherapy: gem-
citabine (6 mg/mouse, day 1) and cisplatin
(0.12 mg/mouse, day 2), GC regime, (4) com-
bined intratumoral XUC immunotherapy and
chemotherapy. The results showed that XUCs
therapy and GC chemotherapy limited tumor
volume and weight. Furthermore, intratumoral
injection of XUCs with 1 x 10° cells significan-
tly inhibited tumor volume and weight com-
pared with XUCs of 1 x 10° cells and chemo-
therapy. The highest anti-tumor activity to com-
bined immunotherapy and chemotherapy in
mouse bladder tumor cell line of MBT-2 (Figure
1B and 1C). Similar results were found in
MB49 mouse bladder tumor cell lines with the
highest anti-tumor activity in combined immu-
notherapy and chemotherapy (Figure 1D and
1E), indicating that both xenogeneic cell thera-
py and chemotherapy suppressed tumor
growth and the combination could produce a
better result.
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Figure 1. The anti-tumor effect of intratumoral xenogeneic urothelial cells in monotherapy and combination with
chemotherapy using two murine bladder heterotopic graft tumor models. The mice were injected subcutaneously
(s.c.) with either MBT-2 or MB49 cells into the hind flanks and when the tumor size reached 50-100 mm?, mice were
randomized into 4 groups (day O) received vehicle control, two consecutive intratumoral (i.t.) injection of xenogeneic
urothelial cells (XUC) (1 x 10° or 108 cells), intraperitoneal (i.p.) injection of gemcitabine (6 mg/mouse, day 1) and
cisplatin (0.12 mg/mouse, day 2) (GC), or combined treatment of XUCs plus GC. Tumor diameters were measured
twice a week for 28 days. Tumor volume was determined using the formula for a spheroid: (0.5 x length x width?).
A. Experimental design and treatment scheme. B. Tumor growth rate measured in volumes of MBT-2 tumor bearing
mice with different treatments. C. Tumor weights from MBT-2 tumor bearing mice with different treatments. D. Tu-
mor growth rate measured in volumes of MB49 tumor bearing mice with different treatments. E. Tumor weights from
MB49 tumor bearing mice with different treatments. All tumor volumes are expressed as the mean tumor burdens
+ SD (standard deviation, n = 5-10 mice/group). Tumor weights are expressed as mean = SD (n = 6-7 per group).
Significances were compared with mice that received vehicle, or mice that received either intratumoral XUCs or GC
chemotherapy alone. *P<0.05; **P<0.01; ***P<0.001.
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Figure 2. The stimulatory activity on reactive T-cell cytotoxicity and cytokine production in MBT-2-tumor and MB49-
tumor-bearing mice by different treatments. Spleen lymphocytes isolated from tumor bearing mice with different
treatment were tested for the ability to kill tumor cells. Effector lymphocytes (1 x 10°) of different treatment groups
were added into the plate seeded with 1 x 10°/well of target CFDA-SE-labeled effector MBT-2 cells or XUCs and co-
cultured for 8-16 h. At the end of co-culture, suspension effector cells in the wells were washed out and the intensity
of CFDA-SE-labeled target cells and was measured. IFNy level in supernatants collected after 2 days of co-culture
of lymphocytes isolated from spleens of mice with different treatments with MBT-2 cells or XUCs was measured
by ELISA. (A) The cytotoxicity of effector lymphocytes of MBT-2 tumor bearing mice to MBT-2 cells or XUCs. (B) The
cytotoxicity of effector lymphocytes of MB49 tumor bearing mice to MB49 cells or XUCs. The relative cytotoxic activ-
ity of lymphocytes was determined following the formula with measured relative fluorescence units (RFU) of each
sample: (RFUexp-RFUctrl)/RFUctrl. The intensity of CFDA-SE-labeled target cells without adding lymphocytes was
set as controls. IFNy level, measured by ELISA, in supernatants collected after 2 days of co-culture of lymphocytes
isolated from spleens of MBT-2 tumor bearing mice of different treatment groups with MBT-2 cells or XUCs (C). (D)
Lymphocytes isolated from spleens of MB49 tumor bearing mice under different treatments with MB49 cells or
XUCs. Error bars represent SD (n>3). *P<0.05; **P<0.01; ***P<0.001.

The intratumoral xenogeneic cell immuno- tration and incubation, and the fluorescence
therapy in monotherapy and combination with intensity of the cells was measured using the
chemotherapy elicits immune cell cytotoxicity remaining CFDA-SE label. The results showed
and IFNy activation that the effector cells in the intratumoral XUC

and combination treated groups enhanced the
T effector cells have been implicated in per- cytotoxicity to the targeted tumor cells and
forming cytotoxic functions to achieve anti- xenogeneic cells compared to those isolated in
tumor effects by rejecting cancer cells. In order the vehicle treated and the chemotherapy
to evaluate the cytotoxic response of intratu- treated groups in MBT-2 tumor model (Figure
moral XUC immunotherapy on T effector cells. 2A). Similarly, in MB49 tumor model, the effec-
First, we used lymphocytes isolated from tor cells in the XUC and combination treatment
mouse spleens of the tumor bearing mice with groups exhibited more pronounced anti-tumor
different treatments as effector cells. MBT-2 cells or xenogeneic cell cytotoxic effect than
cells, MB49 cells or XUCs were used as target the vehicle treated and chemotherapy treated
cells. The target cells were then labeled with groups (Figure 2B). Interferon y (IFNy) is a cyto-
CFDA-SE and co-cultured with effector cells. kine with important roles in tissue homeosta-
The cells were washed after the final adminis- sis, immune and inflammatory responses and
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tumor immune surveillance. IFNy can suppress
tumors by acting directly on tumor cells that
inhibit tumor proliferation, while increasing the
major histocompatibility complex (MHC) by
enhancing the function of tumor-infiltrating
immune cells, including T helper cells, cytotoxic
T lymphocytes (CTLs), and macrophages ex-
pression as well as antigen presentation [23].
Here, we assessed the role of IFNy in immune
cells in anti-tumor immunity. Lymphocytes were
first isolated from the spleen of tumor-bearing
mice of different treatment groups, then co-
cultured with MBT-2, MB49 or XUCs cells, and
finally the co-cultured conditioned medium was
collected to test IFNy activation status. IFNy
measurement in co-culture conditioned medi-
um of effector cells and tumor cells or xenoge-
neic cells was performed using ELISA. The data
showed that an increase in IFNy activation in
lymphocytes from XUC and combination treat-
ed MBT-2 tumor bearing mice were observed
when MBT-2 or XUC cells were co-cultured
(Figure 2C). Similarly, enhanced IFNy activation
in lymphocytes from MB49 tumor bearing
mice were observed in both intratumoral XUC
monotherapy and combination therapy groups
when co-cultured with MB49 or XUC cells
(Figure 2D). These data demonstrate that intra-
tumoral XUCs and combined therapy with GC
promote T cell cytotoxicity while sustaining their
cytokine expression capacities.

The intratumoral xenogeneic cell immuno-
therapy in monotherapy and combination with
chemotherapy promote T cell proliferation

To evaluate whether intratumoral XUC mono-
therapy and combined therapy are capable of
increase T cell proliferation, we co-cultured lym-
phocytes isolated from mice spleens after dif-
ferent treatments as effector cells and co-cul-
tured with target tumor cells or XUCs. The
results demonstrated that effector cells from
XUCs-treated mice increased proliferation of
targeted MBT-2 cells and exhibited more signifi-
cant anti-MBT-2 cell proliferation in cells from
combination treatment mice than isolated
effector cells from vector-treated mice in MBT-2
tumor bearing mice. The highest proliferative
activity against XUCs was observed in the group
receiving combination therapy (Figure 3A and
3B). Similarly, the effector cells in MB49 tumor
bearing mice receiving intratumoral XUC treat-
ment increased the proliferation to target
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MB49 cells or XUCs and the effector cells from
the combination exhibited most significant anti-
MB49 cell and XUC cell proliferation (Figure 3C
and 3D).

The intratumoral xenogeneic cell immuno-
therapy alone and combined immunotherapy
and chemotherapy lead to tumor necrosis,
reduced cell proliferation and enhance tumor
cell apoptosis

To understand the cellular events in tumors
affected by intratumoral XUC treatment, we
then investigated whether cell proliferation and
apoptosis in tumors were affected by H&E,
Ki67 and TUNEL staining analysis in the MBT-2
tumor model (Figure 4A). First, the HE staining
was used to detect tumor cell necrosis. From
the distribution in the tumor section slides, a
large number of dead cells could be observed
in tumors with intratumorally injected of XUCs
and GC chemotherapy alone in MBT-2 tumors
when compared to vehicle control treated
tumors and the combination group showed the
highest necrosis (Figure 4B). To further define
the anti-tumor effect of intratumoral xenoge-
neic cell immunotherapy at the cellular level,
we therefore assessed tumor cell changes in
MBT-2 tumors under different treatments. At
the end of the experiment, post-harvest fixed
and sectioned tumors were stained for Ki67
immunohistochemistry (IHC) for examining cell
proliferation, and cell death was determined
by and terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay. Similar
to the results of H&E staining, the intratumoral
XUCs and GC chemotherapy all reduced the
Ki67 positive staining cells in MBT-2 tumors,
indicating inhibition of tumor cell proliferation
(Figure 4C). Increase of apoptotic cells was also
observed in tumors with intratumoral XUC and
GC chemotherapy alone in MBT-2 tumors
(Figure 4D). Furthermore, a significantly re-
duced number of proliferations and an
increased number of apoptotic cells were
observed in the combination treatment group
compared to the monotherapy group (Figure
4C and 4D). These results indicated that intra-
tumorally injection of XUCs and GC chemother-
apy at a therapeutic dosage efficiently inhibit-
ed in vivo tumor growth in MBT-2 tumor-bearing
mice, which resulted in cell cycle arrest and
apoptosis.
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Figure 3. The immune activation on reactive T-cell proliferation in MBT-2 tumor bearing mice by different treatments. The mixed lymphocyte reaction was performed
using lymphocytes isolated from the spleens of MBT-2 or MB49 tumor bearing mice with different treatments as effector cells and co-cultured with target tumor
cells or XUCs. A. Representative flow cytometry analysis of CFDA-SE dilution after 3 days of mixed cultures of CFDA-SE-labeled lymphocytes (effector cells) from
MBT-2 tumor bearing mice when co-cultured with target MBT-2 cells or XUCs. B. Quantitation of proliferating lymphocytes responding to MBT-2 cells or XUCs. C.
Representative flow cytometry analysis of CFDA-SE dilution after 3 days of mixed cultures of CFDA-SE-labeled lymphocytes (effector cells) from MB49 tumor bear-
ing mice when co-cultured with target MB49 cells or XUCs. D. Quantitation of proliferating lymphocytes responding to MB49 cells or XUCs. Error bars represent SD.
*P<0.05; **P<0.01; ***P<0.001.
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Figure 4. Intratumoral XUC treatment and combined therapy with GC induces necrosis, decreases the proliferation,
but increases apoptosis of tumor cells. A. Representative H&E staining, Ki67 IHC and TUNEL assay of MBT-2 tumors
with different treatments. Scale bar, 4 mm. B. Quantitation of the necrosis areas in MBT-2 tumors with different
treatments. C. Quantitation of Ki67-positive cells on tumor sections of MBT-2 tumors with different treatments. D.
Quantitation of apoptotic cells on tumor sections of MBT-2 tumors with different treatments. Scale bar, 100 ym.
Data are presented as mean + SD. *P<0.05; **P<0.01; ***P<0.001.

The intratumoral xenogeneic cell immunother-
apy in monotherapy and combination with che-
motherapy induce local infiltration of immune
cells and altered the tumor microenvironment

The process of tumor formation and progres-
sion is influenced by two factors, genetic/epi-
genetic changes in tumor cells and rearrange-
ment of the TME components through mutual
and dynamic crosstalk. Immune cells are a criti-
cal component of the TME. Immune cells are
divided into adaptive immune cells and innate
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immune cells. T cells, B cells and natural killer
(NK) cells belong to the adaptive immune
response. Cells that carry out an innate im-
mune response include macrophages, neutro-
phils and dendritic cells [24]. Xenogeneic cells
trigger innate and adaptive immune responses
in the TME. Therefore, we assessed whether
different treatments affected intratumoral
immune cell composition. To find out the mech-
anisms induced by intratumoral xenogeneic
therapy, we first examined infiltrating T cells in
distant tumors, which were collected after vari-
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Figure 5. Intratumoral XUC treatment alters tumor infiltration by immune effector and suppressor cells. Combined
therapy with GC and intratumoral XUCs increases the infiltration of heterotopic bladder tumors with T cells and NK
cells as compared with either treatment strategy alone. Measurement of T cells (CD4+, CD8+), NK cells (CD56+),
and MDSCs (CD11B+) in the tumor of tumor bearing mice by immunohistochemistry. (A) Representative images
of IHC staining for CD4+, CD8+, CD56+, and CD11B+ cells. Quantitation of CD4+ (B), CD8+ (C), CD56+ (D), and
CD11B+ (E) staining cells in MBT-2 tumors in each group. Scale bar, 100 um. Immune cell infiltration was assessed
by measuring intratumoral positive staining in 4 high power fields (HPF). Data are expressed as mean + SD (n =
5). Significances were compared with mice that received vehicle control, or mice that received either intratumoral
xenogeneic cell therapy or chemotherapy alone. *P<0.05; **P<0.01; ***P<0.001; **P<0.05.

ous treatments to measure tumor-infiltrating apy effectively increase the tumor infiltration of
CD4+ T helper cells, CD8+ cytotoxic T cells and CD8+ T cells (Figure 5C). CD56+ NK cell infiltra-
CD56+ NK cells as well as CD11B+ myeloid tion was further enhanced by intratumoral XUC
derived suppressor cells (MDSC) by immuno- immunotherapy (Figure 5D). Highest immune
histochemistry (IHC) (Figure 5A). These analy- cell infiltration was all observed in the combina-
ses showed that the intratumoral XUCs tion treatment group (Figure 5B-D). On the
increased CD4+ T cell infiltration (Figure 5B), other hand, the intratumoral XUCs and GC che-
and both intratumoral XUC and GC chemother- motherapy effectively decreased the presence
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Figure 6. Intratumoral XUC treatment and combine

d therapy display systemic anti-tumor responses in bilateral

MBT-2 tumor models. MBT-2 cells (1 x 10° for each side) were inoculated in both sides of mice. The MBT-2 tumor-
bearing mice were either untreated or treated with intratumoral XUCs into tumors on one side but not the other
side. Tumor growth on the left (injected) and right (not injected) sides was monitored and average tumor volume
was determined. Tumor volume follow-up of the injected and distant tumors in the different groups of treatment (A)
Vehicle, (B) Intratumoral XUC treatment, (C) GC treatment, (D) Combined therapy with GC and intratumoral XUCs.

of CD11B+ MDSCs and the combined treat-
ment group had greatest effect (Figure 5E).

The intratumoral xenogeneic cell immuno-
therapy in monotherapy and combination with
chemotherapy exert systemic anti-tumor effect

Increased anti-tumor immune cell infiltrating
immune responses by local intratumoral admin-
istration of xenogeneic cells suggest that such
local therapy may have systemic effects on
immunity. To analyze the systemic anti-tumor
immune responses after local treatments, we
used the subcutaneous bilateral graft tumor
model to represent a primary and a distant
tumor. MBT-2 tumor cells were implanted bilat-
erally into the flanks of C3H/He mice prior to
randomization into treatment groups. The treat-
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ment protocol was only one tumor injected with
XUCs intratumorally, and the other tumor
received vehicle control. When animals with
MBT-2 tumors were treated with vehicle, tumor
size was larger than the one in mice treated
with CG treatment (Figure 6A and 6C). Then,
with one side intratumoral XUC treatment, we
observed significant tumor growth suppres-
sion not only in the injected MBT-2 tumors, but
also in the contralateral tumors that did not
receive xenogeneic cell treatment (Figure 6B).
This systemic anti-tumor effect by local intratu-
moral immunotherapy also enhanced the tumor
suppressive effect of cytotoxic agent GC in
injected (enestic) and uninjected (anenestic)
tumors with tumor shrinkage in both injected
and uninjected lesions in combined treatment
of intratumoral XUCs plus GC for MBT-2 tumors

Am J Cancer Res 2023;13(6):2285-2306
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Figure 7. CXCL9, CXCL10, and XCL11/CXCR3 axis for immune activation is involved in intratumoral XUC treatment.
Four tumor samples per treatment group were collected for analysis. All four groups were run on the NanoString
nCounter PanCancer Mouse Immune Profiling gene expression platform. A. NanoString immune-related gene ex-
pression heat map of 13 differentially expressed genes in xenogeneic and combined treatments compared to
vehicle group. Red and green color represent up-regulated and down-regulated genes, respectively. B. Immune
response categories as defined by Nanostring annotation. C. Comparisons of CXCL9, CXCL10 and CXCL11 gene
expression level in NanoString assay. D. Quantitative RT-PCR analysis of CXCL9, CXCL10 and CXCL11 mRNA expres-
sion in MBT-2 tumors from 4 group mice after treatment. Data are presented as cDNA copies of indicated gene per
copy of glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Data are mean + SD; *P<0.05.

(Figure 6D). These data demonstrate that local-
ly administered intratumoral xenogeneic cell
therapy has a systemic anti-tumor effect.

NanoString gene expression profiling reveals
immune-related genes regulated by xenoge-
neic monotherapy and combination with che-
motherapy

Response rates to xenogeneic and combina-
tion correlate with the extent of tumor immune
infiltrate, but the mechanisms underlying the
recruitment of T cells following therapy are
poorly characterized. A greater understanding
of these processes may see the development
of therapeutic interventions that enhance T-cell
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recruitment and, consequently, improved ani-
mal model outcomes. We therefore investigat-
ed the factors essential for immune cell recruit-
ment and subsequent therapeutic efficacy of
these immunotherapies. To identify immune-
related transcriptional targets of xenogeneic
cell monotherapy and combination with che-
motherapy, we subjected RNA from MBT-2
tumors with XUCs and combination with GC
to NanoString profiling using the nCounter
PanCancer Mouse immunology-related genes
(Figure 7A). Interestingly, the data show that
immune response genes of CXCL9, CXCL10,
and CXCL11 were up-regulated by XUCs and
combination with GC (Figure 7B). The relative
fold-change regulations are depicted in Figure
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7C and 7D by NanoString or gRT PCR. These
data suggest a role for CXCL9, CXCL10, and
CXCL11 in the TME and immune responses.
Chemokines are proteins which induce chemo-
taxis, promote differentiation of immune cells,
and cause tissue extravasation. Given these
properties, their role in anti-tumor immune
responses in the cancer environment is of great
interest. Although immunotherapy has shown
clinical benefit for some cancer patients, other
patients do not respond. One of the mecha-
nisms of resistance to checkpoint inhibitors
may be chemokine signaling. The CXCL9, -10,
-11/CXCR3 axis regulates immune cell migra-
tion, differentiation, and activation, leading to
tumor suppression (paracrine axis). However,
there are some reports that show involve-
ments of this axis in tumor growth and metas-
tasis (autocrine axis). Thus, a better under-
standing of CXCL9, -10, -11/CXCR3 axis is nec-
essary to develop effective cancer control. In
this article, we summarize recent evidence
regarding CXCL9, CXCL10, CXCL11/CXCR3 axis
in the immune system and discuss their poten-
tial role in cancer treatment [25]. Therefore,
xenogeneic cell monotherapy and combination
with chemotherapy modulate the expression of
many genes related to immunology and tumor
immune microenvironment.

Intratumorally injected XUCs remain in the in-
Jjected sites

To evaluate the destination of injected cells,
the distribution of intratumoral injections of
XUCs was then further assessed. XUCs were
labelled with LuminiCell Trackers™, which are
biocompatible organic fluorescent nanoparti-
cles based on aggregation induced emission
(AIE) dot technology. AIE fluorogens are non-
emissive in solutions but become highly fluo-
rescent upon aggregate formation with long
signal duration, low background auto-fluores-
cence and minimal signal quenching. Labelled
XUCs were injected intratumorally, and mice
were sacrificed at indicated time points, and
distribution was assessed within the body by in
vivo imaging and tumor sections through fluo-
rescence microscopy. Injected cells remained
in the tumor on days 7 and 14, but disappear-
ed at day 21 (Figure 8A and 8B). Residues of
xenogeneic cells were tested by the presence
of porcine mitochondrial cytochrome-b (Cyt-b)
gene in tumors. The results showed that por-
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cine mitochondrial DNA was still detectable on
day 21 after the last injection, while the normal
tissues not detected (Figure 8C). These results
demonstrated the safety and retention of XUCs
when administered intratumorally.

Discussion

In the present study, we demonstrated the use
of xenogeneic cells as an immuno-oncology
intratumoral immunotherapeutic agent that
can potentiate T-cell responses and reverse
the immunosuppressive TME in a therapeuti-
cally favorable manner. The intratumoral admin-
istration of xenogeneic urothelial cells in two
syngeneic murine heterotopic graft bladder
tumor models resulted in a reduction in bladd-
er cancer tumor cell engraftment tumors and
prolonged survival in mice (Figure 1). Increased
cytotoxicity and IFNy activation in lymphocytes
from XUCs-treated mice could be observed
when cells were co-cultured with murine blad-
der cancer cells or XUCs in the intratumoral
XUC treatment and combination therapy
groups, suggesting that intratumoral xenoge-
neic cell immunotherapy would turn on the
body rejection and anti-tumor immune respons-
es at the same time (Figures 2 and 3). Our find-
ings demonstrate that through anti-tumor
immunity, intratumoral xenogeneic cell therapy
can effectively confine tumors by enhancing
tumor necrosis (Figure 4A and 4B), repressing
cell proliferation (Figure 4A and 4C), and
increasing apoptosis (Figure 4A and 4D). The
chemotherapy combinations offer a new thera-
peutic direction, demonstrating synergistic
anti-tumor activity and improved tumor control
with combination therapy. Therefore, this local-
ized immuno-oncology approach could be a
new option for immunotherapy combined with
chemotherapy. Intratumoral xenogeneic cell
immunotherapy resulted in changes in the TME,
which enhanced the infiltration of intratumoral
CD8+ and CD4+ T cells, CD56+ NK cells with
the decrease of CD11B+ MDSC cells (Figure
5A-E). Furthermore, intratumoral administra-
tion of xenogeneic urothelial cells alters the
tumor environment and increases systemic
anti-tumor immunity, thus inhibiting the growth
of injected and distant uninjected tumors
(Figure 6). Here, we further searched for the
immune response genes of the immune-relat-
ed genes CXCL9, CXCL10 and CXCL11 induced
by intratumoral xenogeneic cell therapy (Figure
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Figure 8. Xenogeneic urothelial cells (XUC) remain in the injected tumor site after intratumoral injection. LuminiCell
labelled XUCs or non-labelled XUCs were intratumorally injected into MBT-2 tumors. A. Representative images of
IVIS AIE dot labeled (red) XUCs at O, 7, 14, and 21 days after the intratumoral injection of XUC cells with or without
labelling. B. Representative section images of the injected site at 7, 14, and 21 days after injection of XUC cells. C.
The presence of porcine mitochondrial DNAs in MBT-2 tumors was detected different time points after injection.
DNA was isolated from tumors with vehicle control or intratumoral XUC treatment for real-time qPCR with primers
specific for porcine mitochondrial cytochrome-b (Cytb) gene. Threshold cycles (Ct) were determined and plotted.

7). For cold tumors, improved T-lymphocyte mokines such as CXCL9, CCL10, or CCL11 that
entrance can be achieved by induction of che- recruit T cells [26]. Based on the above research
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results, intratumoral administration of xenoge-
neic urothelial cells combined with chemother-
apy could provide a new treatment strategy for
advance bladder cancer.

Cancer immunotherapy is associated with rec-
ognition of tumor-associated antigens by
patient immune cells [27]. Cancer immune
elimination also involves innate immune com-
ponents such as NK cells and NK cell-mediat-
ed antibody-dependent cytotoxicity and the
release of pro-inflammatory cytokines such as
tumor necrosis factor-alpha and interferon-
gamma [28, 29]. Over the past decade, the
field of oncology has been revolutionized by
the advent of ICls, such as CTLA-4, PD-1, and
PD-L1. Combining anti-PD-L1 antibodies with
chemotherapy still retains the systemic toxicity
of chemotherapy but also increases efficacy
and survival. However, the median duration of
response obtained with anti-PD-L1 plus che-
motherapy was close to chemotherapy alone,
indicating that anti-PD-L1 has shorter median
duration of response [30]. In addition, anti-PD-
L1 was combined with anti-CTLA-4 antibody,
which improved response rates obtained with
anti-PD-L1 alone, increased response durabili-
ty and effectivity with increasing doses of CTLA-
4, but also produced immune-related adverse
event responses [31-34]. By contrast, intratu-
moral xenogeneic cell immunotherapy provides
enhanced local efficacy and reduced systemic
toxicity by achieving high bioavailability at
the injected tumor site while limiting systemic
exposure. Because multiple image-guided
intratumoral injections of immunostimulatory
agents in patients with advanced solid tumors,
including deep and visceral organ locations is
feasible [35], incorporating standardized intra-
tumoral injection delivery technology would
optimize the efficacy of intratumoral immuno-
therapy as a precision medicine to precisely
administer treatment into tumors with right
immune responses toward tumor cells.

The cancer immune cycle is defined as that
required by the immune system to effectively
control cancer growth [36]. The release of neo-
antigens due to genomic instability during the
process is initiated. Cancer-associated anti-
gens are captured by dendritic cells, which
prime and activate tumor specific cytotoxic
CD8+ T cells after migrating to the lymph node.
These effector cells migrate and infiltrate the

2301

tumor stroma and identify and eliminate can-
cer cells. T cell mediated cytotoxic responses
release new tumor antigens, thereby promoting
cancer immune cycling [37, 38]. It has been
shown in mouse cancer analyses that persis-
tent loss of cancer cells expressing T cell tar-
gets may enable cancers to evolve to avoid
attack [39]. Anti-PD1/PD-L1 therapy provides
little benefit to many patients, whom could be
stratified as insensitive or exhibiting primary or
acquired resistance [40, 41]. Negative regula-
tion of T cell responses that escape lymphoid
organ checkpoints and tumor immune regula-
tory functions has been shown in human can-
cers to be the cause of failure of immune pro-
tection in patients [41-43]. Under anti-PD-1/
PD-L1 therapy, multiple biological factors con-
tribute to treatment resistance, including lack
of T cell recognized cancer antigens, impaired
cancer antigen presentation and impaired can-
cer specific T cell activation and T cell to tumor
transfer. Poor invasiveness and accumulation
of immunosuppressive factors and cells in the
TME [37]. The synchronized blockade of im-
munosuppressive mechanisms may be com-
bined with other conventional strategies to fur-
ther overcome immune tolerance and promote
tumor regression through the immunosuppres-
sive nature of TME induced by autologous
tumor cells [44]. Therefore, a new therapeutic
approach is needed to enhance tumor im-
munogenicity and immune cell infiltration by
reducing immunosuppression in the TME.
Intratumoral xenogeneic cell immunotherapy
has multiple mechanisms of action, including
innate NK cell and adaptive T cell responses
and TME non self-cell humoral immune
responses to generate systemic immune
responses. Xenografts can generate strong T-
and B-cell responses to solid organ and cellular
xenografts, and T-cell responses play a major
role in xenogeneic rejection. Tumors are elimi-
nated by the host immune system recognizing
xenoantigens on xenogeneic cells [45-48].
Using bladder tumor cells co-cultured with XUC,
increased activation and cytotoxicity of im-
mune cells to cancer cells in mouse lympho-
cytes was observed (Figures 2 and 3). The
xenogeneic cell immune rejection can ease
tumor neoantigen tolerance, thereby promoting
TME responses to immune cell repertoire and
immune gene expression (Figure 7), thereby
inhibiting tumor progression. It is possible that
xenogeneic cellular immunotherapy can also
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be used as an in situ vaccine to directly gener-
ate a systemic immune response at the tumor
site, and use epitope spreading to generate
anti-tumor immunity. The host body immune
system recognizes xenoantigen on xenogeneic
cells and develops strong responses to elimi-
nate xenogeneic cells [45-48]. Thus, various
xenoantigens, which can engage with antibod-
ies and immune cells may help break tolerance
to tumor neoantigens and reverse immunosup-
pressive TME on immune cell profile and
immune gene expression (Figures 5A, 5B and
7) to improve cancer outcomes. Xenogeneic
DNA vaccination approaches that use xenoanti-
gens-orthologous proteins from other species
which differ in several amino acids can enhan-
ce the immunogenicity and overcome the
immune tolerance to tumor antigens to elicit a
cross-reactive anti-tumor immune response
[49-51]. Xenogeneic DNA vaccination of dogs
with advanced malignant melanoma has been
demonstrated as a safe and potentially thera-
peutic modality [52]. With thousands of xeno-
antigens in xenogeneic cells, xenogeneic cell
immunotherapy could induce more intense
immune responses in tumor sites as an in situ
vaccination and induce epitope spreading for
more efficacious anti-tumor immunity. We
have previously demonstrated that anti-tumor
effects of intratumoral xenogeneic mammary
cells for breast cancer and xenogeneic pancre-
atic cells for pancreatic cancer specifically [22].
Here we showed that intratumoral xenogeneic
urothelial cells for bladder cancer also inhibit-
ed tumor progression, which tumor specificity
could contribute to the expression of ortholo-
gous tissue specific proteins in xenogeneic tis-
sue cells, which activate anti-tumor immune
responses to the homologous proteins ex-
pressed in tumor cells of the same tissue type
as xenogeneic DNA vaccine works [20].

Overt immunological responses and zoonotic
infection risks are the major safety concerns
for clinical application of xenogeneic cell thera-
py. From the clinical experiences on xenogeneic
cell therapy using porcine islets in human clini-
cal trials with native cells or encapsulated
cells, no complications and porcine endoge-
nous retrovirus infection were reported on the
recipients with or without immunosuppression
[53-55], demonstrating the safety of implant-
ing xenogeneic cells into the human body.
Xenogeneic cell therapy is regulated by FDA
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and EMA, which require quality control mea-
sures for isolation, expansion and well charac-
terization of xenogeneic cells from safe donor
animals and studies showing significant and
durable efficacy and long-term safety of xeno-
geneic cell products [20]. Therefore, as small
molecule drugs and protein drugs, in order to
be used in clinics, xenogeneic cell therapy must
go through a rigorous evaluation of safety, qual-
ity, and effectiveness before this new therapeu-
tic modality can be utilized to treat diseases.

Antibody-drug conjugates (ADC) have played an
increasingly prominent role in the treatment of
advanced bladder cancer. Two such agents,
enfortumab vedotin (EV) and sacituzumab gov-
itecan (SG), are currently indicated for patients
with advanced bladder cancer following plati-
num-based and immune checkpoint inhibitor
therapy. EV is a Nectin-4-directed antibody-
drug conjugate comprised of a fully human
mAb conjugated to the microtubule-disrupting
agent, monomethyl auristatin E (MMAE), via a
protease-cleavable linker, which in phase llI
EV-301 trial showed longer OS (12.88 vs 8.97
months) than chemotherapy (docetaxel, pacli-
taxel, or vinflunine) as well as longer PFS (5.55
vs 3.71 months) than chemotherapy [56]. The
incidence of grade >3 AEs was similar in both
ADC and chemotherapy groups, suggesting no
less toxicities for ADCs [56]. SG is a TROP-2-
directed antibody-drug conjugate with an
SN-38 payload that has also shown preliminary
activity in advanced bladder cancer with most
common toxicities of neutropenia and diarrhea
[57]. Furthermore, EV+pembrolizumab (EV+P)
combination vs gemcitabine+cisplatin or carbo-
platin in patients with previously untreated
advanced bladder cancer and are ineligible for
cisplatin have been currently being investigat-
ed, but substantial toxicity was observed [58].
Thus, there is a great unmet need to further
improve outcomes by combining therapies
which would need to be an effective, non-cross
resistant therapy with non-overlapping toxicity
to systemic immunotherapy and chemotherapy.
Intratumoral delivery of immunotherapeutics is
being tested in clinical trials to promote superi-
or anti-tumor immune activity in the context of
limited systemic toxicity [59]. Our novel intratu-
moral XUC immunotherapy could trigger local
and systemic immunologic responses via direct
injection to induce rejection of xenoantigens
and then spread to tumor-derived antigens and
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subsequent activation of tumor-specific effec-
tor T cells, which would an ideal intratumoral
therapeutic agent. Intratumoral XUC immuno-
therapy represents a novel intratumoral immu-
notherapy strategy by locally administering
immune-activating xenogeneic cells into the
tumor itself to break immunosuppressive
shields and furthermore, the local immune acti-
vation in injected tumors can further lead to
systemic anti-tumor immunity in noninjected
tumors. These unique features of intratumoral
XUC treatment grant its advantages to combine
with other bladder cancer therapeutic modali-
ties such as systemic cytotoxic chemothera-
peutic agents or ADCs with cytotoxic payloads
without adding further toxicities caused by
cytotoxic agents. In addition, local treatment
nature and multiple MOAs of intratumoral XUC
treatment could induce less immune-related
adverse events than ICls, whose are driven by
ICl abilities to destruct self-tolerance and acti-
vate self-reactive T cells as well as break the
mechanisms of adaptive immune resistance to
ICls [60, 61]. Thus, intratumoral XUC immuno-
therapy could also be used in combination with
ICIs on ICI resistant cancers to achieve high
rate of disease control and durable responses.

We have demonstrated the ability of intratu-
moral xenogeneic urothelial cell immunothera-
py to inhibit tumor growth in syngeneic hetero-
topic bladder tumor models. Furthermore, our
studies have shown that intratumoral xenoge-
neic cell treatment can effectively provide sys-
temic anti-tumor effects. We have also demon-
strated that intratumoral xenogeneic cell immu-
notherapy generates local and systemic anti-
tumor immunity by altering the immune TME
and activating immune cells in the lymphatic
system. These data suggest that intratumoral
XUC immunotherapy can be used as a new
and promising approach for the treatment of
advanced bladder cancer. Our study reveals
new prospects for the anti-tumor activity of
intratumoral XUC immunotherapy, which is wor-
thy of further study in the clinic.
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