Vol. 18 No. 3 Ser. No. 60 2017

s IRANIAN
JOURNAL
OF
VETERINARY
RESEARCH




197 Iranian Journal of Veterinary Research, Shiraz University

Immunopathological evaluation of recombinant mycobacterial
antigen Hsp65 expressed ihactococcus lactis as a novel
vaccine candidate

Herrera Ramirez, J. C1; De la Mora, A. ChZ De la Mora Valle, A% Lopez-Valencia, G*
Hurtado, R. M. B.% Renteria Evangelista, T. B%: Rodriguez Castillo, J. L%;
Rodriguez Gardea, A'; G6mez Gémez, S. B.and Medina-Basulto, G. E?

!Ph.D. Student in Veterinary Sciences, Molecular Biology Laboratory, Veterindenc®s Research Institute, Autonomous
University of Baja California, Mexicali, Baja California, 21388, Mexié®tSc Student in Veterinary Sciences, Molecular Biology
Laboratory, Veterinary Sciences Research Institute, Autonomous University of Beéganza Mexicali, Baja California, 21388,
Mexico; *MSc, Molecular Biology Laboratory, Veterinary Sciences Research Institutendmtius University of Baja California,
Mexicali, Baja California, 21388, MexicdMolecular Biology Laboratory, Veterinary Sciences Research Institute, Autonomous
University of Baja California, Mexicali, Baja California, 21388, Mexico

"Correspondence: G. E. Medina-Basulto, Molecular Biology Laboratory, Veterinary Sciences Research Institute, Autonomous
University of Baja California, Mexicali, Baja California, 21388, Mexico. E-mail: gerardom@uabc.edu.mx

(Received 7 Oct 2015; revised version 17 Jan 2017; accepted 19Mgr 2

Summary

Bovine tuberculosis (TBB) is a zoonotic disease distributed worldwide andgeeaf importance for public health and the
livestock industry. Several experimental vaccines against this diseasbdavevaluated in recent years, yielding varying results.
An example is the Bacillus Calmette-Guérin (BCG) vaccine, which hasuseenextensively in humans and tested in cattle showing
mixed results related to protection (0-80%) agaikigtobacterium bovis. In this study, we used the food-grade bacterium
Lactococcus lactis as an expression system for production of mycobacterial protein Hsp6this purpose, the construction of a
replicable plasmid in strain NEDOOL. lactis (pVElepr) was conducted, which expressedNfyeobacterium leprae Hsp65 antigen,
and was recognized by traded anti-Hsp65 antibodies. The strain NPYEOpr was applied to calves that were negative to
tuberculin test and the immune response was monitored. The resulEdstinat immune response was not significantly increased in
calves with NZ9000-pVElepr with respect to control groups, and no imjasyobserved in any lung or lymph of the calves. Finally,
this study suggest that the recombinant NZ9000 straih. déctis may protect against the developmentMf bovis infection,
although studies with longer expostiwghis pathogen are necessary to conethé matter.
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Introduction when using a BCG vaccine in a dose of 108 CFU in
field conditions, the frequency of cases with TBB on
Bovine tuberculosis (TBB) is an infectious and those vaccinated was 9.7% compared with 22.7% on
contagious disease caused Mycobacterium bovis, those not vaccinated.
which is a member of th#&lycobacterium tuberculosis The immunological strategy, as an alternative against
complex and has an economic impact on dairy cattle inseveral pathogens, is the use of Gram-positive bacteria,
Mexico by reducing the production by 17%: in Mexico, food-grade or commensal, particularly those based on the
only 28% of the produced milk is pasteurizediOM- model of lactic acid bacteria (LABs). Some studies
031-:Z00-1995). In dairy cattle herds, such as thoseshowed the possibility to modulate both systemic and
located in Tijuana, Baja California, Mexico, TBB is a mucosal immune response (Bal#ybin et al., 2010
severe problem due to its high prevalence (16.5%)Bermidez-Humaraet al., 2011). Among the group of
(according to SAGARPA in 2012), indicating that LABSs, Lactococcus lactis can be found; its genome has
actions contemplated on Mexican Official Standard been completely sequenced by Bolonginal. (2001).
NOM-031-Z00-1995 had been insufficient in reducing Additionally, several plasmids had been studied for the
this disease in a significant way. Thus, it is necessary texpression of heterologous proteins induced by nisin (a
implement several alternatives to achieve the reductiorgrade food natural preserver) and selected antibiotics.
of TBB in a short time. Studies about vaccinations onProfiling this kind of system provides excellent potential
bovines using a BCG vaccine show a reduction ofto obtain recombinant grade food live vaccines, with
severity and quantity of injuries (P>0.05) when used in aadequate efficiency and extensive use (Noualel.,
dose of 5 x10° and 5 x10° colony-forming units (CFU)  2003; Santost al., 2011).
for a later challenge using tiv& bovis pathogen at a rate Recombinant expression of the highly preserved
of (5 x 10° CFU) (Buddleet al., 1995; Buddlest al., chaperonin Hsp65 olMycobacterium leprae, has great
2003). Meanwhile, Lope=zt al. (2009 observed that, potential for a variety of biotechnological, medical and
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therapeutic applications (Azevedet al., 2012). digested with the same restriction enzymes and purified
Studies have shown that using 100 pg of Hsp65-DNAwith the S.N.A.P. Miniprep® Kit (Invitrogen Inc.)
intramuscularly in mice induced a statistically significant method, obtaining a fragment of 47gk.
adaptive and innate response (P>0.01), as well as a Sub cloning in the pSEC/E7 vector is replicableLon
reduction at the quantity of CFU in 100% of animals thatlactis (Bermudez-Humaranet al., 2002). Once the
received three immunizations (Lowrgtal., 1999; Lima  pVES5547 vector contained the Hsp65 sequence, it was
et al., 2003; Lowrie, 2006). Actually, the vaccination inserted inpSEC/E7 vector by means of digestion with
system usind-. lactis as a vector for protein and DNA Bglll-Nhel restriction enzymes, selecting a fragment of
expression has been successfully used for its3403pb for its final sub cloning. The result of this was
prophylactic and therapeutic effects in several animalthe construction of the pVElepr plasmid replicableLon
models. An example of this is a study to treat the 16 typdactis as shown in Figl.
human papillomavirus (HPV-16) in mice, which showed
a reduction of 35% in the frequency of this cancer Sall - 392 - G'TCGA C

Clal - 5384 - AT'CG_AT

induced by the virus (Bermidez-Humarg al., 2011). g e S371- A'AGCT 3
Recombinant. lactis used to immunize mice induced a all- 328 GTCGA ¢ —
statistically  significant cellular immune response <
(P>0.05) on assays against avian influenza virus HAL
antigens compared with the effectloflactis without the
recombinant fragment (Ledt al., 2011). Azevedet al.
(2012), using a model similar to the one proposed in this
study, produced approximately 7 mg/L of recombinant
Hsp65.

Based on the above-described results, the preser
study was aimed to buildla lactis strain that expressed
a mycobacterial Hsp65 protein for further 2o TeGrCGA
characterization. Additionally, a brief preliminary A
experimental assay was conducted in order to evaluate itsig. 1: Final plasmid constructed, replicablelinactis
capability of induction of the innate and adaptive

immune response in the experimentally challengedsps-PAGE and Western blot

EcoNI - 4600 - CCTon'n_nnAGG

pVElepr
5398 bp

Sall - 1737 - G'TCGA_C

calves. Lactococcus lactis NZ9000 with pVElepr or
pSEC/E7 was cultured in 5 ml of M17 broth with or

Materials and Methods without 10 ng/ml of nisin (Sigma, USA) expression
inducer for 1 h to reach a Odgy= 0.6. Cellular lysis was

Bacterial strains and growing conditions performed according previous reference (Sambrook and

The L. lactis strain NZ9000 was grown in a Difco Russell, 2001). Forty pg of NZ9000/pVElepr or
M17 broth medium, containing 0.5% glucose (GM17), at pPSEC/E7 protein samples, 5 pg of total Hsp65 purified
30°C overnight without agitation. If required, 10 pg/ml protein (Stressgen, USA) and 100 pg of BSA were
of chloramphenicol was added to the broth medium.running at 100 volts in a 10% SDS-polyacrilamide gel
Escherichia coli DH5a strain was aerobically cultured at and stained with 0.2% coomassie brilliant blue
37°C in a LB broth medium supplemented with 100 (Laemmli, 1970). The proteins were then transferred to a
pg/ml ampicillin or 10 pg/ml chloramphenicol, when nitrocellulose membrane for 1 h at 25 V in a Trans-Blot

needed. SD semi Dry Transfer Cell (BioRad, USA) with
transference buffer (25 mM Tris base, 192 mM glycine
Plasmid construction and 20% methanol, pH 8.3) at room temperature. The

An EcoR1 fragment DNA from theM. leprae hsp65 blocking of reactive free sites was done with 5% skim
gene (provided by Laboratorio de Inmunologia Milk on PBS for 1.5 h at 37°C and the membranes was
Molecular y Biotoxinas, CICESE, Ensenada, BC, washed five times with 0.01% PBS Tween 20 (PBS-T)
Mexico) was cloned into pCR-Blunt [I-TOPO for 5 min. IgG anti-Hsp65 was utilized as a primary
(GenBank: M14341.1) and then transformedEincoli ~ antibody (Biothechologies, Stressgen) in a 1:1000
DH5a. Selection was done on LB agar containing 50 dilution for 1 h at room temperature. The secondary
pg/ml of Kanamycin. antibody was a rabbit anti-mouse 1gG Horseradish

The sub cloning in the pVE5547 vector (Diegeal., ~ peroxidase conjugate (SIGMA, USA) in a 1:4000
2001 Cortes-Perezt al., 2003) was done by using a dilution, which was incubated for 1 h with the membrane
high fidelity enzyme (iProofTM. high fidelity DNA at room temperature. Finally, membranes were
polymerase, BioRad), amplifying tthep65 gene by PCR ~ developed with 3,3°,5,5" Tetramethylbenzidine (TMB)
with Sall and Nhel enzyme sites (primer pveleprcF: 5" liquid substrate system for membranes (Sigma, USA) for
TGGGA GGAAA AATTA CAAA GAACA-3" and 15 min.
pveleprcR: 5-CTTCT AAAGC TAGCA AGTCC
ATAC-3") and inserting the amplified fragment (Hsp65) Experimental units
in the pVE5547 plasmid, which was previously partially =~ Twelve calves (three months of age, of the Holstein
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Friesian breed, males, castrated), derived from a locabpectrophotometer. Antibodies levels were recorited
herd that has been free of TBB for 30 years, were testedluplicate and were determined by subtracting the
with intradermic tuberculin test, and were found to be absorbance at 450 nm of blank values to the values
negative. Three calves were vaccinated withlactis obtained in the samples.

pSEC/E7 (control group) and three calves were

vaccinated withL. lactis pVElepr (vaccinated group Interferon gamma assay

“V”). Both were vaccinated with a dose of 2 x 10° CFU To determinate the interferon gamma assay (y-IFN),
(one dose intranasal and one dose via the intramusculaf50 uL of heparinized whole blood was cultured in
pathway on the neck) followed by two boosters atborosilicate tubes, adding 50 pL of antigen (CSL,
intervals of two weeks using the same dose and routeAustralia) per sample before being incubated at 37°C in
Two new groups were formed, each having the samenhigh ambient relative humidity for 24 h. The supernatant
conditions as the first two. However, the difference with was collected andhe y-IFN level was measured using
the previous groups lies in a challenge conducted athe immunoenzymatic assay package BOVIGAM (CSL,
month two by the intratracheal pathway with bovis Melbourne, Australia).

strain 138 (Martinez-Vidadt al., 2011) in a 1 20* CFU

dose; thus, forming the challenged control group, postmortem examination

“Control + R”, and challenged vaccinated group, “V + At the end of the study (six months post inoculation),
R”, respectively. animals were sent to the Federal Inspection

) slaughterhouse (TIF) for sacrifice and inspection. After
Testing the federal inspection, lungs and lymph nodes

Previously, all animals were tested with double (retropharyngeal, bronchial and mediastinal) were
comparative intradermal tuberculin tests conducted at theollected for a second examination in the laboratory.
start of the study (the results of which were negative)They were stored in biological bags at 4°C and identified
under the established rules of the Mexican Official with the animal number for transportation. Tissues were
Standard  (NOM331-ZO0O-1995) and established sectioned at 0.5-1 cm thickness by means of standard

protocols of the Bioethics Committee from the IICV/ procedures and cut at 4 pm and stained with hematoxilin
UABC (Asociacion Médica Mundial, 2005). These and Ziehl-Neelsen stains.

standards guided everything related to experimentation
proceedings on live animals, while considering facilities | ungs

and appropriate equipment to maintain biosafety  Pulmonary lobes were examined individually (apical,

standards required by the experiment. cardiac and diaphragmatic left lobes and apical, cardiac,
_ diaphragmatic and accessory right lobes). For each lobe,
Sample collection the following scoring system was applied: 0, no visible

Heparinized and non-coagulant tubes were used folesion; 1, no macroscopic lesion but lesion at cutting; 2,
blood sample collection starting at month three, <5 macroscopic lesions with <10 mm of diameter; 3, <6
collecting at intervals of 28 days for six months from the lesions with diameters < than 10 mm; 4, <1 distinctive
coccygeal vein for a total of eight samplings for each macroscopic lesion with < than 10 mm of diameter; 5,

animal. coalescence macroscopic lesions. Individual lobe scores
were added to calculate a pulmonary score (Lyashchenko
Antibody evaluation etal., 2004).

Plates were coated with 10 ng per well with a
commercial M. bovis recombinant Hsp65 protein Lymph nodes
(Stressgen, USA) on a carbonate-bicarbonate buffer The macroscopic severity of the disease observed in
solution pH= 9.6 (1.53 g/L NaCg) 2.93 g/L NaHCQ lymph nodes was evaluated under the following score
adjusted with 37% hydrochloric acid) at 4°C for 24 h. system: 0, no necrosis or visible lesion; 1, small focal
Mycobacterium bovis Hsp65 was used because it shows lesion (1-2 mm in diameter); 2, several small focal lesion
a 99.81% identity withM. tuberculosis Hsp65, andM. or necrotic areas, at least 5 x 5 mm in diameter; 3,
tuberculosis Hsp65 shows high cross-reactivity wilh. multiple necrotic areas at least 5 x 5 mm in diameter
leprae Hsp65 (Mustafaet al., 1999). The plates were distributed along the node, or necrotic areas affecting 5%
blocked with 200 pL per well of 3% non-fat milk on of the node. The individual score of lymph nodes was
sterile PBS-T at room temperature. Each serum of theadded to calculate a lymphatic nodes score. Lymphatic
study was added at a rate of 1:100, using 50 pL per welhode score and pulmonary score were considered to
for 2 h at 37°C. For detection of specific antibodies, 1gG determine a complete pathological score per animal. The
anti-bovine in mice (SIGMA) was used at 1:20,000 ratesscore was established by the same personnel in the
for 2 h at 37°C. Fifty uL of a TMB solution (20 ml of pH slaughterhouse for all animals in the study to insure
= 4.0 citrate solution, 100 pL TMB stock solutitthl g consistency (Lyashchenlebal., 2004).
TMB, 10 ml DMSQ), 10 pL HO, (30%) was added to
each well. The reaction was stopped after 15 min with anStatistical analysis
acid solution using 50 pL per well of 0.5 M,$0O,. The statistical difference between humoral and
Optical density (OD) was read at 450 nm on acellular immune responses was estimated with
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MINITAB software, where statistical significance was challenged (sampling 6, 7 anjl 8

determined at P<0.05. Correlations between immune The analysis of macro and microscopic lesions
response and lesions scale grade were estimated by nonempatible with TBB during slaughter inspection TIF
parametric analysis (Spearman rank test). did not show visible lesions. Of the animals in the study,
100% were classified as both pulmonary and lymphatic
nodes with a score of 0. Similarly, a microscopic
evaluation of tissues did not show any suggestion of an
inflammatory process.

Results

Lactococcus lactis NZ9000 was used to construct “L.
lactis’pVElepr” (Fig. 1), and was analyzed to 25000
determinate Hsp65 expression by a Western blot (Fig. 2)
showing Hsp65 expression as a band of 70 kDa, no 2w
present on thelL. lactispSEC/E7 strain. Also, the &

S 1.5000

expression capacity and antigenic character of the Hsp6!2 —y

protein expressed offL. lactigpVElepr’ strain was §> \ Contro

prObEd. 'é: —i—Control +R
&

1.0000 /"x \
0:5000 ._/": v
pVElepr pSEC/ET MP L _i/ / \’*;\7
4 5 6 7 8

0 1 2 3

-0.5000

Sampling (28 days)

75 kDa Fig. 3: Measurement of cellular immune respopdEN

Discussion

, The results obtained in the present study are not as
4 sk | strong as those in which Hsp65-DNA was used as an
FL inductor of innate and acquired immune response on
immunized mice and challenged later using CFU of

M. tuberculosis H37Rv intramuscularly. In that study, a
Fig. 2 Antigenic recognition of Hsp65 protein of statistically significant stimulation of both immune

Mycobacterium leprae expressed on NZ9000 strain-pVElepr. '€Sponses (P<0.01) as obtained after i.m. injection
Lactococeus lactis pSEC/E7 strain (primary plasmid) was used (three doses of 100 pg) and a reduction of CFU quantity
as a negative control. Hsp65 protein was expressed andP<0.001) vas determined comparing vaccinated group
recognized by anti-Hsp65 antibodies after 1 h post nisinversus non-immunized or challenged control groups
induction. Protein shows approximately 70 kDa of weight (Lowrie et al., 1999; Linaet al., 2003.
This finding may be due to an uninterrupted

An enzyme-linked immunosorbent assay (ELISA) to expression on several organs of the host when the DNA
measure specific antibodies (anti-Hsp65) by spectro-vaccine was applied, which can lsedeterminant to
photometry at 450 nm was made (Fig. 3), which showedactivate a strong immune response. Similarly, the study
no significant statistical difference between the control differs from the results obtained by Bermudez-Humaran
group and vaccinated group without challenge (P>0.05)gt al. (2011), because they reported that #actis strain
with standard deviations of 0.045 and 0.079, expressing an antigen against HPV-16 on a mouse model
respectively. The resultdor the control group “L. showed an activation of the humoral immune response,
lactispSEC/E7”, and the vaccinated group “L. and concluded that vaccine result to be prophylactic and
lactis’pVElepr” were both challenged by M. bovis strain therapeutically acceptable. This may be due to specific
138 and showed no significant statistical difference IgA production induced by the exposition of the mucosae
(P>0.05) with standard deviations of 0.101 and 0.093,to antigens produced Hy. lactis resulting in protection
respectively, although a small activation of the humoralagainst HPV-16 infection, in contrast to the cellular
immune response against Hsp65 was observed at the erighmune response needed to protect against infections
of study (seven and eight samples). The gammasuch as TBB. In this study, expression of the antigenic
interferon assay, used to measure cellular immuneHsp65 protein usinglL. lactispVElepr’ as the vector
response during the study, showed no statisticalproved to be antigenic by the recognition of specific
difference between vaccinated and control groupsantibodies anti-Hsp65 (Stressgen, USA) (Fig. 2).
(P>0.05), with a standard deviation of 0.159. The sameNevertheless, activation of immune response after nasal
tendency was observed in Control + R and V + R groupsand intramuscular administration of. lactis’/pVElepr”
although comparing those vaccinated with thosewas not sufficient to observe a significant statistical
challenged showed a tendency to maintain a celluladifference between “L. lactispVElepr” and “L.
immune response superior to those vaccinated nonkactispSEC/ET groups. It was also shown that
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expression or exposition of immune system cells to  protein in Lactococcus lactis. J. Genet. Mol. Res., 11:
Hsp65 was also insufficient. An unexpected finding was ~ 11461157.

that L. lactis NZ900O strain administration induces a BaheyEl-Din, M; Gahan, CG and Griffin, BT (2010).

humoral and cellular immune response, and, due to this, -actococcus lactis as a cell factor for delivery of
it wasnot possible to establish an immunogenic therapeutic proteins. J, Curr. Gene Ther 3045,

. - . Bermidez-Humaréan, LG; Langella, P; Miyoshi, A; Gruss,
differentiation between study groups. This may be due to A: Tamez, GR: Montes de Oca-Luna, R and Le, LY

the presence of similar chaperonin to Hsp63.ofactis, (2002). Production of human papillomavirus type 16 E7
as groEL of 60 kDa that is expressed on its surface  protein in Lactococcus lactis. J. App. Environm.
(Bolontinet al., 2001). Microbiol., 68:917-922.

An important aspect in relation to infective dose is Bermidez-Humaran, LG; Pascale, K; Chatel, JM and
that it could appreciate the establishment of infection Langella, P (2011). Lactococci and Lactobacilli as
after performing the tuberculin double comparative test mucqsal del_lvery vectors for therapeutic proteins and DNA
at the end of the study, where all groups were chalIenge%ok‘)’st‘;‘ﬁ'”:s'v\'\/’i':;f;' (F:)‘_*”'\AF:ucéé gSlepleéih)énﬂ)é . Malarme
with lthe ﬁelq Stra.lrM' boalls 138'kGrOL.Jpshhaq a pOSITlve. K; V\/’eis’senbach,,\]; ’Ehrlich, éD’and Solroki,n, A(20015.
result afte_r infection and were kept in this Immunologic The complete genome sequence of the lactic acid bacterium
status until the end of the study, as compared with non- | actococcus lactis spp. lactis IL1403. J. Genome Re41:
challenged animals that had a negative result to the same 731-753.
test (data not shown). This suggests that the infectiveBuddle, BM; de Lisle, GW; Pfeiffer, A and Aldwell, FE
dose used was not sufficient to induce macroscopic or (1995). Immunological responses and protection against
microscopic lesions on analyzed organs, or that the Mycobacterium bovis in calves vaccinated with a low dose
NZ9000 strain can (by itself) protect against the  Of BCG.J.Vaccine. 13a1231130. _
development of lesions at leaist the infective doses B“dﬂ'selé Bg\’/vw;ndciogﬁin?n’:} Phixa?gbol\é?' Igg\r/r;?:ginl_:ti’ogeof
used .and at the time of po_st infection in which the neonatal calves wittMycobacterium bovis BCG reduces
experiment was conducted. Finally, we observe the need

. : s - the level of protection against bovine tuberculosis induced
for a new experiment using the constructed strain in this  y 4 single vaccination. J. Infetthmun., 71:64116419.

study, a large number of experimental units, a controlCortes-Perez, NG; Bermudez-Humaran, LG: Le, LY:

group withoutL. lactis NZ900 strain, a superior infective Rodriguez-Padilla, C; Gruss, A; Saucedo-Cardenas, O;
dose and a long-term experimentation interval to Langella, P and Montesde-Oca, LR (2003). Mice
evaluate (with higher precision) the protective immunization with live lactococci displaying a surface
effectiveness of. lactis NZ9000/pVElepr. 22(9:hg;eszPV-16 E7 oncoprotein. FEMS Microbiol. Lett.,
Dieye, Y; Usai, S; Clier, F; Gruss, A and Piard, JC(2001).
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