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Abstract

Background

Immunotherapy with vaccines is attractive for the treatmentwo€er. This study is aimed|at
determining the effect of recombinant Salmonella (SL3261)-based4ligBnd (4-1BBL)
vaccine on the development of colorectal cancers and the potentiaihe mechanisms |n
rats.

Results

In comparison with that in the PBS group, similar levels of 4-1BBL expressiongtieeficy
of T cells, IFNy responses, and comparable numbers of tumors were detected in the SL3261
and SL3261C groups of rats. In contrast, significantly fewer numbeisnairs, increased
levels of 4-1BBL expression in the spleens and colorectal tissugiser frequency g
peripheral blood and splenic CB@D25" T cells, and stronger splenic T cell IRNesponse
were detected in the SL3261R group of rats.
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Conclusion

Our results indicated that vaccination with recombinant attenuatetb®ealla harboring th
4-1BBL gene efficiently enhanced T cell immunity and inhibited ¢tlsvelopment o
carcinogen-induced colorectal cancers in rats.
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Background

Immunotherapy represents an attractive strategy for the pr@vesfttumor recurrence and
the control of cancer growth [1,2]. Immunotherapy can induce antigeifisp@ cell
responses that can inhibit the growth of tumors. Effective activafioaive T cells depends
on TCR engagement and efficient co-stimulation [3,4]. The 4-1BB ligand expressed on
antigen-presenting cells (APC), and can interact with 4-1BB divaded T cells, co-
stimulating T cell cytokine production and proliferation [5-8], and prologdi cell survival
[7,9]. Therefore, 4-1BB and 4-1BBL are important regulators of T cell immunity.

Previous studies have shown that vaccination with antigen peptide |wikiec4-1BBL
enhances dendritic cell activation and antigen uptake and promotes TDéell
effector/memory responses [10,11]. Similarly, the administration of both 4-1BB& HifY/-
specific E7 peptide or survivin protein eliminates E7-expressi@gl Tcervical cancer or
survivin-expressing 3LL lung tumors in vivo [10,11]. Zhang et al. [12] repotied
vaccination with natural CD137 ligand, is more efficient and lesg texle effects in
inducing colorectal tumor regression in mice, as compared wilntesnt with anti-4-1BB
agonist antibodies. In addition, our previous study has found that vaccinatilonaw
recombinant Salmonella-based 4-1BBL vaccine efficiently enhahasdl immunity in rats



[13]. However, whether and how vaccination with a recombinant Salmdresdizd 4-1BBL
vaccine inhibits the development of colorectal tumors have not been fully illustrated.

In this present study, we investigated the effects of vadomawith a recombinant
Salmonella-based 4-1BBL vaccine on the development of 1, 2-dirhgtngzine(DMH)-
induced colorectal tumors in rats. Our results indicated thainammn with a recombinant
Salmonella-based 4-1BBL vaccine effectively transferred the Bl-1gene into APCs and
up-regulated 4-1BBL expression in APCs. Moreover, the up-regulationd-dBBL
expression in APCs induced vigorous T cell immunity and inhibited tkela@ment of
colorectal cancer in rats.

Methods

Bacteria

Salmonella typhimurium LB5000 and the attenuated Salmonella ergenaaa typhimurium
SL3261 were generously provided by Professor Stocker from Stanfuoikebrbity, USA.

Plasmid pIRES2-EGFP was purchased from BD Biosciences Clontech (Ral€A, USA).

The pIRES2-EGFP-transformed SL3261C or pIRES2-EGFP-4-1BBLftramsd SL3261R
were generated, as previously described [13].

Animals

A total of 20 male Sprague Dawley (SD) rats at 6—8 weeks efngge obtained from the
Center of Experimental Animal of Soochow University. Rats were dtbuis a specific-

pathogen-free (SPF) facility in 12-h light/dark cycle at 50 ¥4 Gumidity and 21 £ 2 °C
with free access to water and food. The body weights of indivicatal were measured
weekly. The experimental protocols were approved by the Ethics @twanof the First

Affiliated Hospital of Soochow University.

Establishment of rat model of colorectal tumor

Individual animals were administered subcutaneously with 20 mg/Rgliimethylhydrazine
(DMH, Sigma, St. Louis, USA) weekly for 20 consecutive weeks. Fenrnteeeks after the
first DMH administration, the rats were randomized and gavagédd 2 ml PBS, PBS
containing 2 x 1¥5L3261, the pIRES2-EGFP-transformed SL3261, or the pIRES2-EGFP-4-
1BBL-transformed SL3261 every two weeks for three times as dmérot, SL3261,
SL3261C, or SL3261R group, respectively. At 21 weeks post the first DMidtion, the

rats were anesthetized and their blood samples were colledesharificed. Their spleens
were dissected, and a portion of the spleen from each rat wadansenmunofluorescent
staining.

Gross and histological examination

The entire colorectal (from the cecum to the anus) tissuasdfidual rats were removed,
washed thoroughly with ice-cold saline, cut longitudinally, and l&t dn a board. The
numbers of tumors were counted in a blinded manner. The disease stag@eredtal

cancers were evaluated by Duke’s stage system [14] witbhrrmodifications. Briefly, Stage



A: tumors only in the mucosa; Stage B-C, tumors invading into muscuylaopria, but
without distant metastasis; and Stage D: tumor with distant metastasis.

Flow cytometric analysis

Peripheral blood mononuclear cells (PBMC) were isolated eith&6 aveeks or 21 weeks
post the initial DMH administration and splenic monnocnulear celie Wweepared at 21
weeks post the initial DMH administration by Ficoll-paque dengigdient centrifugation.
The frequency of different subsets of T cells was charaeteby flow cytometry. Briefly, 1
x 1Ccells were stained with anti-CD3-PE, anti-CD3-FITC, anti-CI'BEE anti-CD4-FITC,
and anti-CD25-PEantibodies (Ebioscience), and after washing, thewezlssubjected to
flow cytometry and analyzed by FlowJo software.

Reverse transcription-polymerase chain reaction (RIPCR)

The relative levels of GFP mRNA transcripts in splenocytese determined by RT-PCR.
Briefly, total RNA was extracted from individual splenic mononucleell samples and
reversely transcribed into cDNA using a specific kit TakaRa (Daltdina), according to the
manufacturers’ instruction. The sequences of primers were forwdrd
CACAAGTTCAGCGTGTCCG-3and reverse &CTCGATGCGGTTCACCAG-3for GFP;
forward B-GAGGGAAATCGTGCGTGAC-3and reverse’sTAGAAGCATTTGCGGTGC-
3’ for B-actin. PCR amplification was performed in duplicate at 94 °C farrband subjected
to 33 cycles of 94 °C for 30 s, 49 °C for 30 s, and 72°Cfor 35 s, followed by #& 140
min.

Immunofluorescence

The levels of 4-1BBL and GFP expression were detected by immuredtesce, as
previously described [13]. In brief, the frozen spleen and coloredaktsections were fixed
in Acetone and stained with goat anti-4-1BBL antibodies (CD137L, Sania Biotech,
Santa Cruz, USA) and rabbit anti-GFP antibodies, respectivelyr Bémg washed, the
bound antibodies were detected with donkey anti-goat-CY3 and goatalait-FITC
antibodies (Beyotime Institute of Biotechnology, Haimen, Jiangsu, Ltsodsequently, the
sections were mounted and examined under a confocal microscope (Leica, Y3erman

Enzyme-linked immunosorbent assay (ELISA)

Splenic monnocnulear cells were prepared at 21 weeks post theDhitid administration
by Ficoll-paque density gradient centrifugation. Splenic mononuatedis (2.5 x 108
cells/ml) were stimulated in triplicate with 40g/ml of PHA-P (Sigma) in RPMI1640
(GIBCO) medium containing 10 % FCS andi@ml of Ciprobay (HealthCare, AG) for 72
hours. The supernatants of cultured cells were harvested and the ctraenwf IFNy in
the supernatants were measured by ELISA using a rat Itection kit, according to the
manufacturers’ instruction (Jingmei Biotech, Shenzhen, China).



Statistical analysis

Data were expressed as the means + SD. The difference diffengnt groups was assessed
by analysis of variance (ANOVA) and the difference betwe&an groups was assessed by
Student'st-test. A P value of < 0.05 was considered statistically significant.

Results

Expression of reporter gene GFP and 4-1BBL protein

We first evaluated the reporter gene GFP mRNA transcriptiospienocytes of different
groups of rats using RT-PCR technique at 21-week post the inititd Bdfninistration. We
detected GFP mRNA transcripts in the spenocytes from thgaetsated with SL3261C or
SL3261R (recombinant attenuated Salmonella typhimurium carrying RHEEFP or
pPIRES2-EGFP-4-1BBL plasmids), but not in the control and SL3261-vaedimats (Figure
1). Further immunofluorescent analysis revealed that GFP petpnession was detected in
the spleen and colorectal tissues from the SL3261C- and SL3261R-vedaas (Figures 2
and 3). In addition, analysis of the 4-1BBL expression revealed thattdmsity of anti-4-
1BBL staining increased in the spleen and colorectal tissoes the SL3261R-vaccinated
rats. These observations indicated that vaccination with the SL36dd®ively enhanced 4-
1BBL expression in these tissues of rats.

Figure 1RT-PCR analysis of GFP mRNA transcripts in splenocytes of thrats from
different groups. Following administration of DMH for 21 weeks, the rats were sacrificed
and their splenocytes were isolated. Subsequently, the GFP mRNA transcijeisatgies
from different groups of rats were elevaluated by RT-PE&ctin was used as an internal
control. Data shown are representative images from three separaienerpe Lane M,

DNA marker; 1, PBS; 2, SL3261; 3, SL3261C; 4, SL3261R; 5, Negative control (RNA
without reverse transcription).

Figure 2 Immunofuorescent analysis of 4-1BBL expression on rat spleernEhe
expression of GFP and 4-1BBL in the spleens of different groups of rats was cireddiy
immunofuorescent assays using anti-4-1BBL (red) and anti-GFP(greégdaes and
examining under a confocal microscopy. Data shown are representative iohaliféerent
groups of rats (n = 4 for the PBS group, n = 5 for other groups) from three separate
experiments.A) The PBS group;R) The SL3261 group) The SL3261C groupX) The
SL3261R group.

Figure 3 Immunofuorescent analysis of 4-1BBL expression on the colorectal tumor
tissues of rats.The expression of GFP and 4-1BBL in the colorectal tumor tissues from
different groups of rats was characterized by immunofuorescent assaysniisiidBBL
(red) and anti-GFP (green) antibodies and examining under a confocal microsatgpy. D
shown are representative images of different groups of rats (n = 4 fd&grBup, n=5
for other groups) from three separate experimeAijsThe PBS group;R) The SL3261
group; C) The SL3261C groupf)) The SL3261R group.




Vaccination with the SL3261Rreduces the numbers aflorectal tumors in
rats

Following the induction of colorectal tumors, one out of 20 rats died ae&ls post the
initial DMH treatment. Characterization of animals indicateat ta large amount of bloody
ascites was found in the rats. A great number of tumor nodules\ganysize were observed
in the mesentery and posterior peritoneum. The rigor of the calbrectal wall appeared. A
total of 18 adenocarcinoma were identified by histological exanan using H & E staining
and visualized in the entire colorectal of the dead rats (uattashown). In addition, the
numbers of tumors at 21 weeks post DMH treatment were 18.2 + 4.7 RBSigroup; 12.8
+ 4.5 in the SL3261-treated group; 12.2 + 4.4 in the SL3261C-treated group; and.9.#h
the SL3261R-treated group (Figure 4A). The number of tumors in ti3263R-treated
group of rats was significantly less than that in the PBS graupddlition, we found that
most of the tumors in the PBS group of rats were at Dukes fa@tage B-C, 1; Stage D,
4), while most tumors in the SL3261 and SL3261C groups were at st@g&B3261: stage
A, 1; stage B-C, 2; Stage D, 2; SL3261C: stage B-C, 4, stad® Blowever, the tumors in
the SL3261R group of rats were at stage A-C (Stage A, 2e 84g, 2) (Table 1). Moreover,
there was no significant difference in the rat body weighitsra the four groups, although
slightly increased body weights were observed in the SL3261Rnadedi group of rats 16
weeks after DMH application (Figure 4B).

Figure 4 The body weights and the number of tumors in different groups of rats.

Following induction of colorectal tumors, the body weights of individual rats weasumed
longitudinally and the numbers of colorectal tumors in individual rats at 21 week&@ost t
induction were examined in a blinded manner. Data are expressed as the mean cgBean +
of different groups of rats (n =5 per grou@) The numbers of tumorsB) The body

weights of animals.P < 0.05 SL3261R vs. PBS.

Table 1 Analysis of tumor staging in rats from different experimental groups

Groups Negative Stage A Stage B-C Stage D
PBS 0 0 1 4
SL3261 0 1 2 2
SL3261C 0 0 4 1
SL3261R 1 2 2 0

The number of animals in Dukes Stage A, Stage B-C or Stage D was listed.

T cell phenotypes

To understand the anti-tumor effect, the frequency of different sulo$eperipheral and
splenic T cells was characterized by flow cytometry ysialat 16 weeks post the initial
DMH administration. We found that the frequency of peripheral blood *CD8" and
CD3'CD25 T cells, but not the total CD3and CD3CD4" T cells, in the SL3261R group
was significantly higher than that in the PBS control (P < 0.Bigufe 5A). No significant
difference was found in the number of CDED3'CD4" and CD3CD8" T cells of
peripheral blood and splenic T cells among PBS control, SL3261 and SL3261C Bioups
weeks after the initial DMH administration (P > 0.05). But GDB25 T cells in the
SL3261R group was significantly higher than that in the other group0(B5) (Figure 5B-
C).



Figure 5 The frequency of different subsets of T cell§ollowing induction of colorectal
tumors for 16 weeks, peripheral blood samples were obtained from individual rats and the
frequency of CD3+, CD3 + CD4+, CD3 + CD8+ and CD3 + CD25+ T cells was
characterized by flow cytometry analysfs) (At 21 weeks post induction, the rats were
sacrificed and their peripheral blods])(@and splenic T cellSJ) were characterized by flow
cytometry analysis. Data are expressed as the mean + SD of differeps @i rats (n = 4 for
the PBS group, n =5 for other groups) from three separate experinterte.05 SL3261R

vs. PBS; # < 0.05 SL3261R vs. SL3261P"< 0.05 SL3261R vs. SL3261C.

Vaccination with the SL3261R enhances splenic IFM+esponses

The concentrations of IFM4n the cultured supernatants of splenocytes stimulated with PHA
from individual groups of rats were analyzed by ELISA. As shawhigure 6, the levels of
IFN-y were comparable among the PBS, SL3261, and SL3261C-treated m@istrbst, the
concentrations of IFN-in the cultured splenocytes from the SL3261R-vaccinated rats were
significantly higher than that in the other groups of rats (P04). However, no significant
difference was detected among PBS, SL3261, and SL3261C groups (P > 0.05).

Figure 6 ELISA analysis of the concentrations of IFNy in the supernatants of cultured
splenocytes Splenic mononuclear cells were isolated from individual rats at 21 weeks post
induction and stimulated with PHA for 72 h. The concentrations ofyliiNthe supernatants

of cultured splenocytes were measured by ELISA. Data are expregbedhasan + SD of
different groups of rats (n = 4 for the PBS group, n =5 for other groups) from threeeseparat
experiments. P < 0.01 SL3261R vs. PBSP#* 0.01 SL3261R vs. SL3261P< 0.01

SL3261R vs. SL3261C.

Discussion

The 4-1BBL is a type |l surface glycoprotein of the tumor neésrastor (TNF) superfamily,
and is generally expressed in APCs, such as dendritic celtspph@ages, and activated B
cells [4]. 4-1BBL binds to 4-1BB (also called CD137), a member offthER superfamily,
and enhances T cell activation [4]. Emerging lines of evidencesshimat activation of 4-
1BB by agonistic monoclonal antibodies (Abs) or over-expressing 4-J#Bances T cell
proliferation and cytokine production, up-regulates anti-apoptotic gene ssig@reand
prevents activation-induced cell death [15-17]. However, systemic admaiitis of anti-4-
1BB agonistic Abs is unsuccessful in correcting the defectsiporese to severe influenza in
4-1BBL-deficient mice, which is possibly because anti-4-1BB cagetanany cell types and
lead to high levels of cytokine production and immunopathology [18,19]. A HI\fettefe
vaccine should induce both antigen-specific cellular and humoral immanidy DNA
vaccine for inducing 4-1BBL expression is a superior adjuvant to enhdivespecific
immunity than anti-4-1BB agonistic antibody [20]. Based on these figdiogr previous
study has shown that recombinant attenuated Salmonella harboridgl®BL gene can
induces high levels of 4-1BBL expression in dendritic and other immeiltee [¢3]. In the
current study, we explored the effect of oral treatment wittcambinant Salmonella-based
4-1BBL vaccine on the development of DMH-induced colorectal canceratsnand the
potential immune mechanisms.

A previous study indicated that abnormal morphology characterizedctbymulation of
undifferentiated cells with pleiomorphic and conspicuous nucleoli in dl sthester of



neighboring crypts was found at 12 weeks post DMH administration. obtiopic
carcinomatous foci were observed at 15 weeks post DMH treatménil [&kefore, in this
present study, the vaccine administration was started 14 weeks after Bhér&dinent.

Inoculation of recombinant Salmonella appeared to induce more 4-E&pilession in the
spleens and colorectal tumor tissues. Evidentially, we detecteceploeter GFP mRNA
transcripts and protein expression only in the spleens from the SL326dCGSL3261R
groups of rats. Similarly, there was more 4-1BBL expressioimenspleens and colorectal
tissues than the other groups. In this study, we found that SL3261R sedpressr growth
as compared with PBS group (P < 0.05). However, no significant differavas found
between SL3261R group and SL3261 or SL3261C group (P > 0.05), although slightly
decreased number of colorectal tumors was observed in SL3261R groupnfs @&k can
localize to transplantable murine tumors and partially inhibit tugnowth [22], it is possible
that the attenuated Salmonella (SL3261) itself may have anti-teffeat. We further staged
the colon cancer and found that most of the tumors in PBS groupsnwate stage (Dukes’
stage D). In SL3261 and SL3261C groups, tumors were found in middleatndtages
(Dukes’ stage C D), whereas tumors in SL3261R group were ig aad middle stages
(Dukes’ stage A B C). Together, our data extended previous @isdamd indicated that
recombinant bacteria-based 4-1BBL vaccines effectively inhibitexl development of
colorectal cancer [12].

CD3'CDS’ cells are major players of T cell immunity against tunjagj. CD25 is theu-
chain of IL-2R, which is absent on naive resting T cells, excapflfregulatory cells.
Following stimulation by “signal two”, activated T cells iniealL-2 expression and
secretion, which acts as an autocrine growth factor becausetedtivacells express high-
affinity IL-2R. IL-2 exerts its pleiotropic activities throughnlding to either dimeric receptor
composed op-chain IL-2R (CD122) and common cytokine receptahain (CD132) or the
receptor composed of trimeric IL-2R IL-2RB, and common cytokine receptgfrchain.
CD25 has been considered as a marker of activated lymphocytes [24,2%t&Pdngth our
previous results [13], the number of CD3 + CD8+ and CD3 + CD254I3 ioeperipheral
blood obtained from SL3261R group was increased following induction of cabtentors
for 16 weeks, when animals were given drug administration for dhce .05 compared
with PBS group). Nevertheless, no statistical difference was fbatwieen SL3261R group
and SL3261 or SL3261C group (P > 0.05), which might be due to the short tioeé qer
drug administration and only once vaccine administration. Signifidenated number of
CD3 + CD25+ T cells in peripheral blood was detected 21 weeksvialy tumor induction,
when animals were given 3 times of drug administration in SL32¢dRp (P < 0.05
compared with all groups), suggesting the recombinant bacteria-fdd#ll. vaccines can
enhance the immune function of tumor-bearing mice. We did not obsemdicaigf
difference in the frequency of peripheral blood and splenic’*CD8" T cells between the
SL3261R and other groups of rats at 21 weeks post DMH treatmest,plissible that
CD3'CDS8’ T cells may migrate into the tumors with the progressiommbtigenesis. More
importantly, we detected significantly higher levels of spleltibl-y responses in the
SL3261R group of rats. Given that IRNis predominantly secreted by Thl and cytotoxic
CDS8' T cells (the stronger IFN+esponses), together with a higher frequency of activated T
cells suggest that the recombinant vaccine may enhance T calinitgnthat inhibits the
development of colorectal cancers in rats [26].



Conclusions

In summary, our data indicated that recombinant Salmonella-da$B@&L vaccine induced
4-1BBL expression in immune cells and administration of the vacdfiugently inhibited
the development of DMH-induced colorectal tumors in rats, accomphgi@tcreasing the
frequency of activated T cells and splenic Ifriesponses. Our findings may provide a new
basis for the design of immunotherapies for the intervention of colorectal cancer.
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