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Abstract
Matrix Metalloproteinases (MMPs)-induced altered proteolysis of extracellular matrix proteins and basement membrane 
holds the key for tumor progression and metastasis. Matrix metalloproteinases-7 (Matrilysin), the smallest member of the 
MMP family also performs quite alike; thus serves as a potential candidate for anti-tumor immunotherapy. Conversely, being 
an endogenous tumor-associated antigen (TAA), targeting MMP-7 for immunization is challenging. But MMP-7-based xeno-
vaccine can surmount the obstacle of poor immunogenicity and immunological tolerance, often encountered in TAA-based 
conventional vaccine for anti-tumor immunotherapy. This paves the way for investigating the potential of MMP-7-derived 
major histocompatibility complex (MHC)-binding peptides to elicit precise epitope-specific T-cell responses towards their 
possible inclusion in anti-tumor vaccine formulations. Perhaps it also ushers the path of achieving multiple epitope-based 
broad and universal cellular immunity. In current experiment, an immunoinformatics approach has been employed to identify 
the putative canine matrix matelloproteinases-7 (cMMP-7)-derived peptides with MHC class-I-binding motifs which can 
elicit potent antigen-specific immune responses in BALB/c mice. Immunization with the cMMP-7 DNA vaccine induced 
a strong  CD8+ cytotoxic T lymphocytes (CTLs) and Th1- type response, with high level of gamma interferon (IFN-γ) pro-
duction in BALB/c mice. The two identified putative MHC-I-binding nonameric peptides  (Peptide32-40 and  Peptide175-183) 
from cMMP-7 induced significant lymphocyte proliferation along with the production of IFN-γ from  CD8+ T-cells in mice 
immunized with cMMP-7 DNA vaccine. The current observation has depicted the immunogenic potential of the two cMMP-
7-derived nonapeptides for their possible exploitation in xenovaccine-mediated anti-tumor immunotherapy in mouse model.

Keywords Immunoinformatics · Mammary tumor · Matrix metalloproteinase-7 · Major histocompatibilty complex · 
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Introduction

Cancer stands next to cardiovascular disease as the second-
leading cause of global death with an estimated account-
ability around 9.6 million deaths in 2018 [1]. Among sev-
eral cancer types, breast cancer is the most common among 
women, affecting 2.1 million women each year with approxi-
mately 627,000 deaths in 2018 which is around 15% of over-
all cancer deaths accountability among women [1]. The inci-
dence and mortality rate of breast cancer cases world widely 
is reported to be 11.6% and 6.6%, respectively. Further, it 
has been estimated that the total breast cancer cases per year 
will be 2,778,850 in 2040 as per the prediction of World 
Health Organisation (WHO) [2]. Surgery, radiotherapy and 
systemic therapy are the major therapeutic modalities to be 
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employed alone or in combination considering the available 
resources and patient factors. For instance, efficacy analy-
ses of chemotherapeutic agents such as doxorubicin and 
tamoxifen in presence of cholesterol-depleting agent methyl-
β-cyclodextrin, and mitomycin C along with proteasomal 
inhibitor MG132 has depicted promising outcomes in pre-
clinical models of several solid tumors [3–5]). Regulatory 
microRNAs (miRNAs)-based therapeutics which regulates 
key cancer signalling mediators has also yielded promising 
outcome in breast cancer suppression [6–8]. Several regula-
tory cytokines of diverse cancer signalling pathways can also 
serve as novel therapeutic checkpoints in targeted oncother-
apy [9, 10]. Even the herbal products such as bitter melon 
extract, Ricinus communis L. fruit extract, Scrophularia 
atropatana extracts, etc. which produced promising results 
in restricting breast cancer growth in pre-clinical model, has 
been suggested as potential therapeutic module for cancer 
treatment [11–14]. However, cancer recurrence or spread 
along with general cytotoxicity often arises as post-thera-
peutic complications leading into poor prognosis. Thus, an 
ideal cancer treatment should have specificity to distinguish 
neoplastic and healthy cells and the potency to eradicate 
systemic tumors from the body. In this perspective, antigen-
specific anti-angiogenesis and cancer immunotherapy repre-
sent two attractive approaches for efficient cancer treatment. 
The activation of antigen-specific CTL-mediated immune 
responses induce killing of tumor cells expressing specific 
tumor associated antigen (TAA) [15–18]; while inhibition 
of angiogenesis controls neoplastic growth by sequestering 
the malignant cells from adequate blood supply [19]. Hence, 
blending of both the approach may serve to elicit the most 
potent and precise antitumor effect.

Identification and targeting of several key type-specific 
TAAs have opened the avenue for precise immunotherapy 
of different tumor types in recent times. Matrix metallo-
proteinaseses-7 (MMP-7), cognominated as matrilysin is a 
crucial TAA having plethora of functions for tumor progres-
sion and metastasis. MMP-7 induced proteolysis of extracel-
lular matrix (ECM) proteins and basement membrane paves 
the path for tumorigenic invasion [20–23]. Simultaneous 
modulation of several cancer signalling pathways related 
to inflammation, angiogenesis, cell proliferation, apoptosis 
and migration also produce synergistic effect towards tumor 
establishment and progression; thus rendering MMP-7 as 
key target for TAA-based tumor immunotherapy [24–26]. 
Despite the potential, the most common problem encoun-
tered with TAA-based cancer vaccine is most of such anti-
gens are self and predominantly non-mutated proteins of 
patient’s own origin, thus poorly immunogenic as well as 
oftentimes obstacled by immunological tolerance to elicit 
significant immune responses [27–29]. Although TAAs 
are mostly evolutionarily conserved but the subtle inter-
species structural variability can be exploited to develop 

xenovaccines for targeted immunotherapy which can sur-
mount the inherent limitations of TAA-based vaccines. 
Significant success has been achieved in recent times by 
introducing such xenogenic homologous TAA proteins to 
induce potent immune response against their self endog-
enous counterpart [20–32]. Further xenogenic DNA vac-
cines can elicit T cell as well as antibody responses which 
adds extra edge over conventional autologic and allogenic 
cell-based vaccines and peptide tumor antigens [33–35]. 
Although the potency has yet to be a tested in human but 
xenovaccinotherapy has already achieved laboratory to clini-
cal transition to serve as effective mean for the treatment of 
melanoma, renal cancer, tumors of digestive system, lung 
cancer and prostate cancer [36]. The scope of the current 
strategy can be extended towards customization of poly-
valent or chimeric xenogenic cancer vaccines based upon 
fusion of strongly immunogenic epitopes from a single or 
multiple TAAs. MMP-7 peptides have been depicted to elicit 
CTL responses which recognize primary autologous leuke-
mic cells and lyse them in a MHC-restricted and antigen-
specific manner but spared normal B and T cells [37]. In 
current elucidation, two nonameric peptides  (Peptide32-40 
and  Peptide175-183) from cMMP-7 with MHC class-I binding 
motifs were identified. The customized synthetic peptides 
were evaluated for their ability to induce a CTL response 
in vitro in BALB/c mice primed with the whole protein 
(cMMP-7 DNA Vaccine).

Materials and methods

Ethics statement

The animal experiments performed in the current study, 
were strictly adhered with the policy on the guidelines and 
approval of the Institute Animal Ethics Committee (IAEC) 
and Committee for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA), approval letter No. 
F. 26-1/2015–16/J.D (R). Mice were euthanized employing 
 CO2, and every measure was extended to minimise the ani-
mal suffering.

Cell lines and culture condition

The HEK-293 T cell line was obtained from The National 
Centre for Cell Science (NCCS), Pune, India and adopted 
to grow in DMEM with L-Glutamine (2 mM),  NaHCO3 
(1.5 mM) and HEPES (10 mM) buffer (Himedia, India). All 
cultures were supplemented with 10% fetal bovine serum 
(Hyclone, USA) and 50 μg/ml of gentamycin (Gibco; Inv-
itrogen, UK), and were kept in a humidified environment at 
37 °C in the presence of 5%  CO2, 95% air atmosphere. Cells 
were trypsinized using standard protocol for harvesting.



313Molecular and Cellular Biochemistry (2021) 476:311–320 

1 3

Plasmid, construction of DNA vaccines

MMP-7 gene from canine mammary tumor and murine 
MMP-7 was cloned in pVIVO2-mcs vector (InvivoGen, 
USA) for customizing xenogenic MMP-7 DNA vaccine 
constructs. The constructs were found to be functionally 
active as reported in our previous study [38, 39]. The 
recombinant pVIVO2.cMMP-7, pVIVO2.mMMP-7 and 
pVIVO2 vector were purified using EndoFree Plasmid 
Mega Kit (Qiagen, Germany) as per manufacture’s pro-
tocol, and purified products were re-suspended in normal 
saline followed by quantification using NanoDrop™ 1000 
Spectrophotometer (Thermo Scientific, USA).

Experimental mice and immunization

The female Balb/c mice of about 4–5 weeks were pur-
chased from National Centre for Laboratory Animal 
Sciences, Hyderabad, India. The animals were main-
tained at the Division of Biochemistry, Indian Veterinary 
Research Institute India. Mice were kept in well-fumigated 
house and polypropylene cages following strict hygienic 
measures under standard feeding and watering manage-
ment [40]. In this study, three experimental groups were 
included viz. I (pVIVO2.mcs), II (pVIVO2.mMMP-7) and 
III (pVIVO2.cMMP-7) for immunization with respective 
DNA vaccine. Each group contained six mice which were 
inoculated intramuscularly with 100  μg of respective 
plasmid DNA and boosted with the same amount of DNA 
construct on days 14 and 28. Sera and splenocytes were 
collected 1 week after the last immunization. Vaccination 
with empty pVIVO2 vector served as the control.

Antigens and synthetic peptides

The full-length cMMP-7 was cloned into pET32a expres-
sion vector melded to a histidine (His) tag using primer 
pair 5′-CAG GAT CCC AGG TCA GGA CTA TCT C-3′ and 
5′-GCC GAA GCT TAA ATT CTG T TCC CTC CGT ATA -3′. 
The His-tagged recombinant protein was expressed in E. 
coli BL21 (DE3) and purified by Ni–NTA chromatogra-
phy, as described previously [41]. The in-silico analyses 
of cMMP-7 protein sequence for identification of putative 
high-affinity binding nonapeptides with class I HLA and 
class I mouse MHC was performed using BIMAS [42] 
and SYFPEITHI [43] algorithms. The predictive analyses 
yielded two most eligible cMMP-7 derived peptides con-
taining MHC class I-restricting motifs, 32FFRLPVTGI40 
 (Peptide32-40) and 175FLIAATHEL183  (Peptide175-183) which 
were custom synthesized (Hysel, India). The customized 
peptides were dissolved in distilled water to achieve a 

concentration of 10 μg/ml and stored at -70 °C till further 
use.

Quantification of IgG1 and IgG2a isotypes by ELISA

Serum IgG1 and IgG2a concentrations from the vaccinated 
animals after seven days of the last immunization were esti-
mated in triplicate using an ELISA kit (eBioscience, USA) 
according to the manufacturer’s guidelines.

Lymphocyte transformation test (LTT) employing 
3‑(4,5 dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide (MTT) assay

Antigenic-specific multiplication of mice splenocytes was 
analysed by lymphocyte proliferation assay [44]. Briefly, at 
the seventh day after the last immunization, spleens from the 
mice were dissected out and disintegrated with a glass slide. 
The splenocytes were strained using a cell strainer (40 µM, 
BD Falcon, USA) and treated with 0.75% ammonium chlo-
ride buffer (pH 7.65) for 5 min to lyse red blood cells. The 
splenocytes (2 × 106/ml), were resuspended into RPMI1640 
medium supplemented with 2 mM L-glutamine, 10% heat 
inactivated FCS, 50 U/ml penicillin, and 50 U/ml streptomy-
cin. The cell suspensions (100 µl) were plated in triplicate, 
each for stimulated and un-stimulated control in 96-well 
culture plate and incubated with 10 µg/ml 32FFRLPVTGI40 
 (Peptide32-40) and 175FLIAATHEL183  (Peptide175-183) under 
IL-2 (20 IU/ml) stimulation for 72 h at 37 °C with 5%  CO2. 
The MTT solution (20 µl at 5 mg/ml concentration) was 
added to each well and the plate was incubated for another 
4 h at 37 °C. Subsequently the plate was centrifuged at 400 g 
for 10 min to discard the supernatant followed by addition of 
150 µl DMSO and thorough mixing by pipetting. The solu-
bilisation of formazan crystals was visualized under micro-
scope and finally absorbance was recorded at 595 nm with 
iMark™ Microplate Absorbance Reader (Bio-Rad, USA).

Intracellular cytokine staining with flow cytometry 
analysis to detect CD8 + IFN‑γ + T‑cells

Seven days after the last immunization mice splenocytes 
were suspended (2 × 106/ml) in supplemented RPMI1640 
medium containing 2 mM L-glutamine, 10% inactivated 
FBS, 50 U/ml penicillin, and 50 U/ml streptomycin. The 
cell suspensions (100 µl) were plated in 96-well culture plate 
(in triplicate) and incubated with 10 µg/ml 32FFRLPVTGI40 
 (Peptide32-40)/  175FLIAATHEL183  (Peptide175-183) under 
IL-2 (20 IU/ml) stimulation for 72 h at 37 °C with 5%  CO2. 
Then Brefeldin A (10 µg/ml; Sigma, USA) was added and 
incubated further for another 6 h. The cells were washed 
with RPMI1640 by centrifugation at 350 × g for 5 min and 
stained for surface CD8 molecules and intracellular INF-γ 
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using conjugated mAbs [45]. Cells were stained for CD8 
with FITC-conjugated rat anti-mouse CD8a mAbs (clone 
53–6.7; eBioscience, USA) by adding 0.4 µg of each anti-
body for 1 × 106 cells, followed by incubation at room tem-
perature for 30 min. Surface-stained cells were washed twice 
with washing solution (0.2% BSA and 0.2% sodium azide 
in PBS) and fixed with 4% paraformaldehyde at 4 °C for 
15 min. Furthermore, the cells were permeabilized with 
0.1% saponin (Sigma, USA) at 37 °C for 15 min followed 
by washing with 0.1% saponin buffer before staining for 
intracellular INF-γ with PE-Cy5-conjugated rat anti-mouse 
INF-γ mAb (Southern Biotech, USA) at 37 °C for 30 min. 
At last, the cells were washed thrice with washing buffer, 
fixed with 1% paraformaldehyde and stored at 4 °C until 
analysis by flow cytometry. The predicted frequency of 
CD8 + INF-γ + T-cells was determined by subtracting the 
percentage of unsensitized CD8 + INF-γ + T- cells from the 
percentage of antigen-sensitized CD8 + INF-γ + T- cells.

Statistical analysis

The data were subjected to analyses of variance (ANOVA) 
using the SPSS statistical package (SPSS for Windows 
20 software). Differences among the data sets were tested 
with one-way ANOVA Duncan’s multiple range tests, and 
p < 0.05 was considered as level of significance.

Results

Cloning of cMMP‑7 gene, expression 
and purification of recombinant cMMP‑7 protein

The amplified cMMP-7 gene fragment was cloned into 
pET32a expression vector and transformed into E. coli DH5α 
cells. Plasmids were isolated from the selected colonies and 
checked for the insert releasing by RE double digestion with 

EcoRI and HindIII. The recombinant plasmids released a 
691 bp insert of desired size (Fig. 1a). The cMMP-7 mature 
peptide was recombinantly expressed in E. coli BL21(DE3) 
as a fusion protein with 6XHis tag having about 43.7 kDa 
(Fig. 1b) size. The specific reactivity of the Ni–NTA affinity 
purified recombinant protein was verified by western blot-
ting (Fig. 1c) using rabbit anti-cMMP-7 hyperimmune sera 
available in the laboratory. The  H2Kd prediction analysis 
indicated that canine MMP-7 32FFRLPVTGI40  (Peptide32–40) 
and 175FLIAATHEL183  (Peptide175–183) possessed signifi-
cant binding affinity as high-scoring MHC class I  (H2Kd) 
epitopes as compared to the other remaining peptides.

Antibodies responses in immunized mice

Mice from the cMMP-7 vaccinated group generated sig-
nificantly higher levels of IgG antibody titer in comparison 
to the other vaccinated groups [39]. IgG subtype analyses 
indicated towards the type of immune response elicited by 
the DNA vaccine. The IgG1 and IgG2a subtype antibody 
levels in all the groups after seven days of the final immu-
nization were depicted in the Fig. 2. Mice immunized with 
pVIVIO2.cMMP-7 DNA vaccine generated significantly 
(p < 0.05) higher levels of IgG1 (1166 ± 68.00 µg/ml) and 
IgG2a (373.1 ± 19.20 µg/ml) response in respect to the 
other two vaccinated groups: pVIVO2.mMMP-7 (IgG1: 
233.85 ± 30.15 µg/ml and IgG2a: 129.55 ± 2.55 µg/ml) or 
pVIVO2mcs vector control (IgG1: 281.9 ± 16.50 µg/ml and 
IgG2a: 120.05 ± 1.95 µg/ml). All the data were presented as 
Mean ± SEM.

Lymphocyte proliferation assay

Lymphocyte proliferation assay demonstrated the T-lympho-
cyte proliferation indicating the cellular immune responses. 
The pVIVO2.cMMP-7 vaccinated group of mice showed 
significantly (p < 0.01) higher stimulation index in presence 

Fig. 1  Cloning of canine 
MMP-7 (cMMP-7), Purifica-
tion of recombinant cMMP-7 
and Western blotting a Double 
endonuclease digestion of the 
recombinant vector pET-32a.
cMMP-7: M-DNA maker; Lane 
1: Undigested recombinent 
plasmide and lane 2- release of 
insert, digestion with EcoR1 
and Hindlll b SDS-PAGE of 
purified r-cMMP-7 protein 
c Western blot of rMMP-7 by 
using Polyclonal antiserum 
raised against r-cMMP-7: M- 
protein ladder, lane 1- immuno-
blot at 43.7 kDa
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of recombinant-cMMP-7 as well as both the cMMP-7 
derived peptides, 32FFRLPVTGI40  (Peptide32–40) and 
175FLIAATHEL183  (Peptide175–183); whereas no significant 
difference was observed between the pVIVO2.mMMP-7 and 
pVIVO2 empty vector control groups (Fig. 3).

Antigen‑specific proliferation and INF‑γ production 
by cMMP‑7‑specific T‑cell lines

Seven days after the last vaccination, splenocytes from 
each group were incubated with cMMP-7 derived peptides, 
32FFRLPVTGI40  (Peptide32–40) and 175FLIAATHEL183 
 (Peptide175–183). The percentage of antigen-specific IFN-γ 
producing CD8 + T -cells following immunization with dif-
ferent DNA vaccines were depicted in Fig. 4a, b. Immuni-
zation with canine MMP-7 based xenogeneic DNA vaccine 
significantly (P < 0.05) increased antigen-specific IFN-γ pro-
ducing CD8 + T -cells in primed splenocytes as compared to 

both pVIVO2.mMMP-7 and pVIVO2 empty vector control 
groups.

Discussion

Xenovaccine-mediated immunotherapy is ushering the path 
for a paradigm shift in oncotherapy from the conventional 
approaches towards a target-specific safe option alleviat-
ing the issues of resistance and general cytotoxicity inher-
ent to chemotherapy. The strategy employing cMMP-7 
as TAA have already seemed to untie the knots of poor 
immunogenicity, tumor induced immunosupression and 
immunological tolerance to elicit strong NK activity, CTL 
responses along with up-regulating Th1 cytokine production 
in the murine breast cancer model which reduced the tumor 
growth and increased the survival of the diseased mice. The 
experiment employed whole recombinant cMMP-7 protein 

Fig. 2  Antibody isotyping secretion in BALB/c mice immunized with 
cMMP-7: Bar diagram showing effect of treatment on immunoglobu-
lin and presented as Mean ± SEM diagram. Significant difference 

was observed between treated and vector control. However effect of 
treatment was not differing from the control. *p < 0.05, level of sig-
nificance

Fig. 3  In vitro T cell proliferative response specific for the cMMP-7 
protein and peptides: cMMP-7 DNA primed splenocytes were res-
timulated in vitro with r-cMMP-7 protein (20 µg/ml) and chosen syn-

thetic peptides  (Peptide32–40 and  Peptide175–183) respectively with con-
centration of (10 µg/ml) and tested for T-cell proliferation. Results are 
presented as Mean ± SEM. *p < 0.01, level of significance
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for inducing the immune system of the mice vaccinated 
with pVIVO2.cMMP7 plasmid alone or co-administration 
with pVIVO2.IL-18 plasmid [39]. Similar approach has 
yielded success as evidenced by xenogeneic vaccine plas-
mid DNA encoding human tyrosinase initiated an immune 
response against the TAA tyrosinase [46]. Several reports 
depicting the efficacy of xenogeneic vaccines using differ-
ent TAAs in mouse models also second the concept, such 

as telomerase reverse transcriptase [47], human N′-terminal 
neu DNA vaccine [48], human tumor endothelial marker 8 
DNA vaccine [49], and prostatic acid phosphatase dendritic 
cell-based vaccine [50]. However, further introspection was 
required to justify that instead of the entire recombinant 
xenoantigen, whether certain immunodominant peptide can 
serve the purpose. Fusion of multiple such immunodomi-
nant epitopes from a single or multiple TAA scan create 

Fig. 4  Expression of IFN-γ from stimulated CD8 + BALB/c sple-
nocytes: a Intracellular IFN-γ staining of antigen-specific T cells 
following in  vitro stimulation with synthetic peptides. Primed T 
cells were expended in vitro in the presence of the synthetic peptide 
(10  µg/ml) and percentage of CD8 + T cells secreting IFN-γ was 

determined by intracellular staining of IFN-γ, b Bar diagram showing 
IFN-γ /CD8 + cells per 10,000 splenocytes presented as Mean ± SEM, 
mice vaccinated with cMMP-7 showed a marked increase in IFN-γ /
CD8 + cells compared to the control groups (*p < 0.05)
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the avenue for the development of polyvalent or chimeric 
xenogenic cancer vaccines. In current study, an immu-
noinformatics approach have been employed to identify 
cMMP-7 derived peptides with high-affinity MHC class-I 
binding motifs which can elicit potent antigen-specific T-cell 
responses in BALB/c mice because an effective vaccine 
against malignant tumor should enhance cellular immune 
response, mediated by induction of IFN-γ secreting cells 
and  CD8+ CTLs [51]. Several studies have revealed that 
MHC class I-restricted CD8 + T cells recognise cancerous 
cells and release IFN-γ, which kills the cancerous cells, 
although engagement of both innate as well as adaptive 
arms of immune system may be indispensable to achieve 
sustainable tumor regression in metastatic cases [52, 53]. 
In the present work, we used two of these identified puta-
tive T-cell epitopes  (Peptide32–40 and  Peptide175–183) from 
the cMMP-7 protein and demonstrated that they were rec-
ognized by  CD8+ T cells from cMMP-7 DNA-immunized 
mice. Previously, we observed that vaccination utilizing the 
xenogeneic cMMP-7 naked DNA vaccine via intramuscular 
route generated a robust antibody response against mMMP-7 
protein. These anti-cMMP-7 antibodies were found to be 
both highly abundant and specific in comparison to vector 
and mMMP-7 controls. Further, the vaccine also induced 
cellular immune responses as evidenced by significant 
lymphocyte proliferation, immunoglobulin secretions and 
T-cytotoxic lymphocyte responses in BALB/c mice; thus, 
proving the potential of cMMP-7 as an effective candidate 
against mammary tumor [39].

The pVIVIO2.cMMP-7 DNA vaccine induced profound 
antibody response in the vaccinated animals. The IgG sub-
type analyses depicted significantly (p < 0.05) higher levels 
of IgG1 and IgG2a levels in cMMP-7 vaccinated animals 
as compared to the other two groups indicating towards a 
cMMP-7 DNA vaccine-induced mixed type of Th1/Th2 
immune response. In-vitro restimulation of the isolated 
splenocytes from the mice immunized with pVIVO2.
cMMP-7 DNA vaccine with either purified whole recom-
binant cMMP-7 protein or the customized cMMP-7 derived 
synthetic peptides depicted that the peptides as well as the 
intact recombinant protein induced substantial lymphocyte 
proliferation as significantly (p < 0.01) higher stimulation 
index was observed in presence of recombinant cMMP-7 
protein and both of the derived peptides in cMMP-7 vac-
cinated group only. This indicated antigen-specific clonal 
expansion of a sub-set of immune cells towards initiation 
of the specific immune responses in the vaccinated animals. 
Further, antigen-specific proliferation of IFN-γ+T-cells and 
 CD8+-IFN-γ+ T-cells in primed splenocytes along with 
enhanced IFN- γ production in presence of both the pep-
tides only in cMMP-7 vaccinated group clearly depicted 
that the cMMP-7 derived putative MHC I binding peptides 
were successful to mimic the in-vivo natural processing of 

c-MMP-7 and its subsequent presentation to elicit a Th1-
polarized response. The preferential induction of Th1-type 
cytokines is interesting as this may lead to the activation of 
macrophages and natural killer cells to execute the cancerous 
cells selectively, and may also promote the activation and 
proliferation of antigen specific  CD8+ CTLs [54, 55]. The 
potential of the cMMP-7 derived peptides may be exploited 
to generate epitope-based xenovaccines for anti-tumor 
immunotherapy. Perhaps it may facilitate the exploitation of 
advantages associated with synthetic peptide-based vaccines 
over entire antigen-based vaccines such as easy packaging in 
smaller delivery vehicles, possibility of achieving multiple 
epitope-based broad and universal cellular immunity, etc. 
in future.

Although, the cMMP-7 epitope-based xenovaccine has 
yielded promising outcome, however elucidation of the 
potential immunotoxic effects urges further introspection. 
The adverse-effects of anti-MMP-7 immunotherapy is yet 
to be elucidated vividly but human MMP-9 and MMP-2 
derived synthetic peptide-based vaccine has significantly 
restricted tumor growth in mice melanoma without pro-
ducing any pathological side-effects [56]. Further, peptide‐
based vaccine immunotherapy targeting several TAAs has 
also depicted promising outcomes against urological and 
colorectal cancer without producing any severe adverse 
effects [57–59]. In contrast, T-cell immunotherapy using 
engineered T cell receptor targeted against carcinoembry-
onic antigen produced significant regression of metastatic 
colorectal cancer but also induced severe colitis [60]. Thus, 
a keen attention is required to ensure the safety profile of 
such vaccines. The adverse effects of the vaccine in preg-
nancy also requires further investigation as inhibition of 
MMPs may affect uterine growth and expansion leading to 
premature labor [61]. However, oral delivery of anti-angi-
ogenic listeriolysin-mVEGFR2 DNA vaccine targeting the 
VEGF receptor which carries out important functions in 
peri-implantation angiogenesis during early pregnancy has 
produced no adversity in establishment and progression of 
healthy pregnancy [62, 63].

Conclusion

In conclusion, the present introspection has vividly depicted 
that the putative cMMP-7 derived MHC class I binding 
nonapeptides have the potential to mimic its corresponding 
whole antigen counterpart in terms of in-vivo customary 
antigen processing and presentation to elicit a Th1-polarized 
response. Considering the xenoantigenic potential of cMMP-
7, the acquired knowledge can be replicated to customize 
single or multiple epitope-based chimeric xenovaccines 
towards targeted tumor immunotherapy.
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