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Abstract

HIV-1 infections occur during sexual contact at mucosal surfaces. Vaccines need to provide mucosal barrier protection and stimulate systemic immune responses
to control HIV spread. Most vaccines are delivered by systemic immunization via intramuscular (IM) injection route. While this can drive systemic and mucosal
immune responses, there are data show that mucosal immunization may be superior at driving responses at mucosal barriers. To explore this question, we immunized
mice with replicating single-cycle adenovirus (SC Ad) vaccines expressing clade B HIV-1 envelope (Env) by intramuscular (IM), intranasal (IN), or intravaginal
(IVAG) routes to compare vaccine responses. SC-Ads generated significant antibodies against Env after only a single immunization by the IN route, but not the other
routes. These animals were boosted by the same route or by the mucosal IVAG routes. IM and IN primed animals generated strong antibody responses regardless
of the boosting route. In contrast, IVAG primed animals failed to generate robust antibodies whether they were boosted by the IVAG or IM routes. These data
suggest there may be benefits in first educating the immune system at mucosal sites during HIV vaccination. IN and IM prime-boost were then compared in Syrian
hamsters which support SC-Ad DNA replication. In this case, IN immunization again was the only route that generated significant Env antibodies after a single
immunization. Following a boost by IN or IM routes, IN primed animals had significantly higher antibody responses than the IM primed animals. Env antibodies
could still be detected one year after immunization, but only in animals that received at least one mucosal IN immunization. These data suggest that there is merit

in vaccination by mucosal routes.

Introduction

90% of HIV-1 infections occur at mucosal surfaces [1]. Therefore,
it is possible that stopping initial events required for HIV infection
may be pivotal for infection prevention [2]. Systemic immunization by
the intramuscular (IM) injection can drive mucosal responses against
HIV [3-6]. However, other data suggest that mucosal immunization
may lead to improved targeting and persistence of immune effectors at
mucosal sites (reviewed in [7]).

We previously compared systemic and mucosal immunization using
helper-dependent adenovirus (HD-Ad) vectors expressing clade B HIV
envelope (Env) in rhesus macaques by the IM or intravaginal (IVAG)
route [8]. While IM HD-Ad vaccination generated stronger systemic
T cell responses, IVAG immunization generated stronger CD4+ T cell
central memory (Tcm) responses in mucosal tissues [8]. When these
animals were mucosally challenged by rectal inoculation with SHIV-
SF162P3, more animals in the IVAG group resisted infection and had
lower viral set points than animals in the IM group [8]. Taken together,
these resutls suggested that mucosal immunization might be worthy of
additional exploration. Although the IVAG route targets mucosa very
close to the rectal challenge site, it is not a feasible vaccination route for
use in humans.

In this study, mice and Syrian hamsters were immunized with
single-cycle adenovirus (SC-Ad) vectors expressing Env sequences
obtained from an HIV-1 patient before and after expansion of antibody
neutralization breadth [9]. We compared systemic immunization by
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the IM route with mucosal immunizations by both the IVAG and the
intranasal (IN) routes as well as examined the potential of homologous
and heterologous prime-boost immunization strategies for vaccine
translation.

Materials and Methods
Cell culture

293 cells were purchased from Microbix (Toronto, Ontario,
Canada). A549 lung carcinoma were purchased from American Type
Culture Collection (ATCC, Manassas, VA). Cells were maintained in
Dulbecco’s Modified Eagle Medium with 10% fetal bovine serum (FBS;
HyClone, Rockford, IL) and penicillin/streptomycin at 100 U/mL
(Invitrogen).

Adenoviruses

Codon-optimized clade B HIV-1 G4 and F8 envelope sequences [9]
were introduced into SC-Ads based on human Ad serotypes 6 as in [10-
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13]. A control SC-Ad expressing a green fluorescence protein-luciferase
(GFP-Luc) fusion protein was also used as a negative control. Viruses
were rescued and purified as previously described [10-12].

Animals

Mice were purchased from (Charles River Laboratories) and
Syrian hamsters were purchased from (Harlan Sprague-Dawley). These
animals were housed in the Mayo Clinic Animal Facility. Animals were
treated in accordance with the policies and procedures of Mayo Clinic’s
Institutional Animal Care and Use Committee, the provisions of the
Animal Welfare Act, PHS Animal Welfare Policy, and the principles of
the NTH Guide for the Care and Use of Laboratory Animals.

Western Blotting

Human A549 lung cells were plated on 6 well dishes and at the
indicated virus particle/cell (vp/cell) ratio with the indicated viruses.
24 hours later, the cells were washed with phosphate-buffered saline
(PBS), and the cells were harvested, pelleted, and resuspended in 1X
SDS-PAGE loading buffer. Genomic DNA was sheared by sonication
and samples were separated on 7.5 to 15% gradient SDS-PAGE Ready
Gels (Biorad) prior to western blotting. The blots were incubated
with a 1/1000 dilution of H13 anti-HIV Env antibody (NIH AIDS
Reagent Program) followed by a 1/10,000 dilution of Protein A/G-HRP
(Pierce). Protein bands were detected using Super Signal West Dura
Chemiluminescence reagent using an In Vivo F instrument (Kodak).

Animal immunizations

Mice and hamsters were anesthetized and immunized by the
indicated routes using 10" vp per animal. In some cases, the animals
were boosted by the same or alternate route with the same dose of the
indicated SC-Ad.

Sample collection

At the indicated times after immunization, animals were
anesthetized and blood was collected into BD microtainer tubes with
serum separator (Becton Dickinson and Company). Samples were
incubated for 1 hour and centrifuged at 13,000xg for 2 min to collect
serum.

Enzyme-linked immunosorbant assay (ELISA)

Immulon 4 HBX plates (Thermo, Milford, MA) were coated
with 100 ng/well of SF162 gp140 (NIH AIDS Reagent Program) in
1x PBS and incubated at 4°C overnight. Wells were blocked with 5%
milk in Tris-buffered 0.05% Tween-20 (TBST) overnight. Wells were
washed and serum samples were added at 1/200 dilutions to plates
and incubated at room temperature for 2 hours. Wells were washed,
and immunoglobulins were detected with 1/1000 Protein A/G HRP.
Wells were washed with TBST and the plates were incubated with 50
puL Ultra TMB ELISA (Thermo Fisher Scientific Inc, Rockford, IL)
prior to inactivation with 50 puL 2N H2SO4. OD450 was measured on a
Beckman Coulter DTX 880 Multimode Detector system.

Data Analysis

Statistical analyses were performed using Prism Graphical and JMP
software.

Results

SC-Ad Expressing HIV-1 gpl160 Most published gene-based
Adenovirus (Ad) vaccines are replication-defective Ad (RD-Ad)
vectors with their E1 gene deleted. A RD-Ad delivers its single copy of
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antigen gene and expresses “1X” of this protein. In contrast, an E1 intact
replication-competent Ad (RC-Ad) delivers one copy, but then replicates
the antigen gene DNA 10,000-fold to amplify antigen production and
immune responses [14-25]. Although RC-Ads are consistently reported
to be substantially more potent than RD-Ads, RC-Ads actually risk
causing adenovirus infections in patients (reviewed in [26]).

To take advantage of DNA replication by Ads, but avoid the risk of
adenovirus infection, we developed that retain their E1 genes, but that
are deleted for their pIlla gene to block the production of infectious
progeny virions (Fig. 1A and [10- 12, 26, 27]). SC-Ads replicate their
genomes and transgenes as well as RC-Ad (up to 10,000-fold) [10], but
actually generate more robust and persistent immune responses than
either RD-Ad or RC-Ad [12].

Clade B envelope sequences were isolated from an HIV-1 patient
before and after their antibody responses underwent expansion of
HIV neutralization breadth (G4 and F8 gp160 sequences, respectively)
[9]. These Env sequences were inserted into SC-Ad based on lower
seroprevalence human adenovirus serotype 6 (Figure 1A). G4 and F8
SCAd6’ s were rescued and produced in 293-IIIA cells and purified on
CsCl gradients as in [10,12,26,27]. When used to infect A549 cells, both
vectors produced gp160 as determined by western blotting (Figure 1B
and data not shown).

Mucosal and systemic immunization in small animals

We previously tested Highly dependent vectors in small animals
and rhesus macaques by the systemic IM route and by a variety of
mucosal routes including oral gavage, oral enteric coated capsules, IN,
and IVAG [8,10-12,26-30]. To test the clade B expressing SC-Ads by
different routes, SCAd6- G4 was administered via IM, IN, and IVAG
immunizations (Figure 2). ELISA against SF162P3 Env demonstrated
that only the IN immunized group generated significant anti-Env
antibodies after single immunization (Figure 2A, p < 0.05 by ANOVA).
The mice were boosted with the same SC-Ad6-G4 vector by the same
route or an opposite route and antibodies were measured 2 weeks later
(Figure 2B). Under these conditions, the IM-IM and IM-IVAG immunized
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Figure 1. SC-Ad Vectors Expressing HIV-1 Envelope. (A) Diagram of SC-Ad expressing
either the G4 or F8 clade B gp160 envelope gene. E1+ indicates the presence of the Ad E1
gene to facilitate DNA replication. DplIIA indicates deletion of this late Ad gene to disrupt
the production of infectious progeny viruses. (B) Western blot detecting expression of F8
gpl160 in cells infected with the indicated amounts of the indicated SC-Ad in vp/cell. The
control SC-Ad expresses GFP-Luc.
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mice had the highest antibody levels and IN-IN and IN-IVAG animal
antibodies were lower, but still significantly different than the PBS
group (p < 0.001 for IN-IN, p < 0.05 for the IN-IVAG group). Neither
of the IVAG-IVAG or IVAGIN immunized groups generated significant
antibody responses.

Mice do not support Ad DNA replication well, resulting in the
underestimation of SC-Ad potency. In contrast, Syrian hamsters
support the full Ad viral cycle, allowing single cycle DNA replication
to occur [11,12,27,31,32]. Given the weak IVAG responses in
mice, this route was omitted and hamsters were primed with SC-
Ad6-G4 by the IM and IN routes. ELISA data 4 weeks after priming
demonstrated significantly higher anti-Env responses in the IN
group when compared to PBS or IM groups (Figure 3A, p < 0.001
by ANOVA). The animals were then boosted with SC-Ad6-F8 by
the same or opposite IM or IN routes and antibodies were measured
2 weeks later. Under these conditions, all immunized animals had
significantly higher antibodies than PBS controls (Figure 3B, p <
0.001), but the IN-IN and IN-IM animals were significantly higher
than all other groups.

These hamsters were held for 1 year after last immunization
and tested by ELISA. This showed the residual presence of anti-Env
antibodies in the IM-IN, IN-IM, and IN-IN groups, but not in the IM-
IM group (Figure 3C).
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Figure 2. Antibodies Against HIV-1 Env in Mice. Mice were immunized with 1010 vp of
the indicated SC-Ad by the indicated route and ELISAs were performed after priming or
boosting. (A) Anti-Env antibodies after one immunization. (B) Anti-Env antibodies after
prime-boost immunization. * p < 0.05, **** p <(0.0001 by one way ANOVA.
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Figure 3. Antibodies Against HIV-1 Env in Syrian Hamsters. Hamsters were immunized
with 1010 vp of the indicated SC-Ad by the indicated route and ELISAs were performed
after priming or boosting. (A) Anti-Env antibodies after one immunization. (B) Anti-Env
antibodies after prime-boost immunization. (C) Anti-Env antibodies 1 year after last
immunization.
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Discussion

We have previously compared systemic and mucosal vaccination
by a number of routes in small animals and in rhesus macaques. In
macaques, animals were pre-immunized with Ad serotype 5 (Ad5)
and then vaccinated four times by the IM or IVAG routes by serotype
switching with four species C HD-Ads: Ad6, Adl, Ad5, and Ad2. No
protein boosts were applied. The animals were then challenged with
SHIV-SF162PE by the mucosal rectal route [8]. 75% of IVAG animals
had viral set points near the limits of detection, whereas only 25% of IM
immunized animals reached this low level of viremia.

This finding ran counter to immune correlates collected from
plasma and PBMCs. Virtually all humoral and cellular immune
responses tested from the blood were stronger in the IM group. For
example, the IM route generated markedly stronger T effector memory
(Tem) and T central memory (Tcm) cells in PBMCs than the IVAG
route. In contrast, when responses were measured from colon biopsies,
CD8+ responses were stronger in the IVAG group. All animals in the
IVAG group generated CD4+ Tcm cells in the colon. Three of the four
animals from the IM group generated Tcm cells, but these were at lower
levels than in the IVAG animals.

These data suggested that mucosal immunization does indeed have
advantages when vaccinating against the mucosal pathogen HIV-1.
However, the IVAG route is not likely to be easily used in humans. In
this study, we tested different routes of immunization with newer gene
replicating SC-Ad vectors in small animals as a prelude to testing in
more expensive rhesus macaque models. We show that the IN route is
superior to IVAG in small animals and that vaccination by that route
can generate significantly higher antibody responses after a single
immunization when compared to the traditional IM route. While the
IN route was robust for priming in mice, IM primed animals ultimately
generated higher anti-Env antibodies after boosting by IM or IVAG
routes than IN primed animals. In hamsters, IN primed animals
generated stronger Env antibodies after IN or IM boosting. This
difference in the two species may reflect the ability of SC-Ad to replicate
its DNA in hamsters and its inability to strongly replicate in mice. This
may also reflect better SC-Ad DNA replication in epithelial cells in
the nares of animals when compared to weak replication in terminally
differentiated myotubes in the muscle.

These data suggest that the IN route is superior to the previously
tested IVAG route for SC-Ad vectors. These data lay the foundation for
exploring the effects of systemic and mucosal vaccination on protection
against mucosal pathogens like HIV-1.

Acknowledgements

We would like to thank Mary Barry for excellent technical assistance
and we would also like to thank Dr. Anan Husserr and Dr. Nancy wood
for supplying TGE gp 160 genes and for technical input. This work was
supported by NIH/NIAID grants R01 AI096967 and R01 AI136718
and the Walter & Lucille Rubin Fund in Infectious Diseases Honoring
Michael Camilleri, M.D. at Mayo Clinic. Proteins and antibodies were
provided by the NIH AIDS Reagent and Repository Program.

References

1. Lehner T, Anton PA (2002) Mucosal immunity and vaccination against HIV. 4IDS 16
Suppl 4: S125-S132. [Crossref]

2. Haase AT (2010) Targeting early infection to prevent HIV-1 mucosal transmission.
Nature 464: 217-223. [Crossref]

3. Pinto AR, Fitzgerald JC, Giles-Davis W, Gao GP, Wilson JM, Ertl HC (2003)
Induction of CD8(+) T Cells to an HIV-1 Antigen through a Prime Boost Regimen
with Heterologous El-Deleted Adenoviral Vaccine Carriers. J Immunol 171: 6774-
6779. [Crossref]

Glob Vaccines Immunol, 2018 doi: 10.15761/GVI1.1000128

20.

2

22.

23.

Barouch DH, Pau MG, Custers JH, Koudstaal W, Kostense S, et al. (2004)
Immunogenicity of recombinant adenovirus serotype 35 vaccine in the presence of pre-
existing anti-AdS5 immunity. J Immunol 172: 6290-6297. [Crossref]

Nanda A, Lynch DM, Goudsmit J, Lemckert AA, Ewald BA, et al. (2005)
Immunogenicity of recombinant fiber-chimeric adenovirus serotype 35 vector-based
vaccines in mice and rhesus monkeys. J Virol 79: 14161-14168. [Crossref]

McCoy K, Tatsis N, Korioth-Schmitz B, Lasaro MO, Hensley SE, et al. (2007) Effect
of preexisting immunity to adenovirus human serotype 5 antigens on the immune
responses of nonhuman primates to vaccine regimens based on human- or chimpanzee-
derived adenovirus vectors. J Virol 81: 6594-6604. [Crossref]

Cauley LS, Lefrancois L (2013) Guarding the perimeter: protection of the mucosa by
tissue-resident memory T cells. Mucosal Immunol 6: 14-23. [Crossref]

Weaver EA, Nehete PN, Nehete BP, Yang G, Buchl SJ, et al. (2013) Comparison
of systemic and mucosal immunization with helper-dependent adenoviruses for
vaccination against mucosal challenge with SHIV. PLoS one 8: ¢67574. [Crossref]

Malherbe DC, Pissani F, Sather DN, Guo B, Pandey S, et al. (2014) Envelope variants
circulating as initial neutralization breadth developed in two HIV-infected subjects
stimulate multiclade neutralizing antibodies in rabbits. J Virol 88: 12949-12967. [Crossref]

. Crosby CM, Barry MA (2014) Illa deleted adenovirus as a single-cycle genome

replicating vector. Virology 462-463: 158-165. [Crossref]

. Crosby CM, Matchett WE, Anguiano-Zarate SS, Parks CA, Weaver EA, et al. (2017)

Replicating Single-Cycle Adenovirus Vectors Generate Amplified Influenza Vaccine
Responses. J Virol 91.

. Crosby CM, Nehete P, Sastry KJ, Barry MA (2015) Amplified and persistent immune

responses generated by single-cycle replicating adenovirus vaccines. J Virol 89: 669-
675. [Crossref]

. Nguyen TV, Crosby CM, Heller GJ, Mendel ZI, Barry ME, et al. (2018) Oncolytic

adenovirus Ad657 for systemic virotherapy against prostate cancer. Oncoly Virotherap 7.

. Malkevitch N, Patterson LJ, Aldrich K, Richardson E, Alvord WG, et al. (2003) A

replication competent adenovirus 5 host range mutant-simian immunodeficiency virus
(SIV) recombinant priming/subunit protein boosting vaccine regimen induces broad,
persistent SIV-specific cellular immunity to dominant and subdominant epitopes in
Mamu-A"01 rhesus macaques. J Immunol 170: 4281-4289. [Crossref]

. Zhao J, Lou Y, Pinczewski J, Malkevitch N, Aldrich K, et al. (2003) Boosting of SIV-

specific immune responses in rhesus macaques by repeated administration of AdShr-
SIVenv/rev and AdShr-SIVgag recombinants. Vaccine 21: 4022-4035. [Crossref]

. Patterson LJ, Malkevitch N, Venzon D, Pinczewski J, Gomez-Roman VR, et al. (2004)

Protection against mucosal simian immunodeficiency virus STV(mac251) challenge by
using replicating adenovirus-SIV multigene vaccine priming and subunit boosting. J
Virol 78: 2212-2221. [Crossref]

. Peng B, Wang LR, Gomez-Roman VR, Davis-Warren A, Montefiori DC, et al. (2005)

Replicating rather than nonreplicating adenovirus-human immunodeficiency virus
recombinant vaccines are better at eliciting potent cellular immunity and priming high-
titer antibodies. J Virol 79: 10200-10209. [Crossref]

. Zhao J, Voltan R, Peng B, Davis-Warren A, Kalyanaraman VS, et al. (2005) Enhanced

cellular immunity to SIV Gag following co-administration of adenoviruses encoding
wild-type or mutant HIV Tat and SIV Gag. Virology 342: 1-12. [Crossref]

. Gomez-Roman VR, Florese RH, Peng B, Montefiori DC, Kalyanaraman VS, et al.

(2006) An adenovirus-based HIV subtype B prime/boost vaccine regimen elicits
antibodies mediating broad antibody-dependent cellular cytotoxicity against non-
subtype B HIV strains. J Acquir Immune Defic Syndr 43: 270-277. [Crossref]

Gomez-Roman VR, Grimes GJ Jr, Potti GK, Peng B, Demberg T, et al. (2006) Oral
delivery of replication-competent adenovirus vectors is well tolerated by SIV and
SHIV-infected rhesus macaques. Vaccine 24: 5064-5072. [Crossref]

. Peng B, Voltan R, Cristillo AD, Alvord WG, Davis-Warren A, et al. (2006) Replicating

Ad-recombinants encoding non-myristoylated rather than wild-type HIV Nef elicit
enhanced cellular immunity. AZDS 20: 2149-2157. [Crossref]

Demberg T, Florese RH, Heath MJ, Larsen K, Kalisz I, et al. (2007) A replication-
competent adenovirus-human immunodeficiency virus (Ad-HIV) tat and Ad-HIV
env priming/Tat and envelope protein boosting regimen elicits enhanced protective
efficacy against simian/human immunodeficiency virus SHIV89.6P challenge in rhesus
macaques. J Virol 81: 3414-3427. [Crossref]

Hidajat R, Xiao P, Zhou Q, Venzon D, Summers LE, et al. (2008) Correlation of
vaccine-elicited systemic and mucosal non-neutralizing antibody activities with
reduced acute viremia following intrarectal STVmac251 challenge of rhesus macaques.
J Virol 83: 791-801 [Crossref]

Volume 3(1): 4-5


https://www.ncbi.nlm.nih.gov/pubmed/12699009
https://www.ncbi.nlm.nih.gov/pubmed/20220840
https://www.ncbi.nlm.nih.gov/pubmed/14662882
https://www.ncbi.nlm.nih.gov/pubmed/15128818
https://www.ncbi.nlm.nih.gov/pubmed/16254351
https://www.ncbi.nlm.nih.gov/pubmed/17428852
https://www.ncbi.nlm.nih.gov/pubmed/23131785
https://www.ncbi.nlm.nih.gov/pubmed/23844034
https://www.ncbi.nlm.nih.gov/pubmed/25210191
https://www.ncbi.nlm.nih.gov/pubmed/24996029
https://www.ncbi.nlm.nih.gov/pubmed/25355873
https://www.ncbi.nlm.nih.gov/pubmed/12682263
https://www.ncbi.nlm.nih.gov/pubmed/12922139
https://www.ncbi.nlm.nih.gov/pubmed/14963117
https://www.ncbi.nlm.nih.gov/pubmed/16051813
https://www.ncbi.nlm.nih.gov/pubmed/16109434
https://www.ncbi.nlm.nih.gov/pubmed/16940858
https://www.ncbi.nlm.nih.gov/pubmed/16621178
https://www.ncbi.nlm.nih.gov/pubmed/17086054
https://www.ncbi.nlm.nih.gov/pubmed/17229693
https://www.ncbi.nlm.nih.gov/pubmed/18971271

Matchett WE (2018) Comparison of systemic and mucosal immunization with replicating Single-cycle Adenoviruses

24.

25.

26.

27.

28.

Morgan C, Marthas M, Miller C, Duerr A, Cheng-Mayer C, et al. (2008) The use of
nonhuman primate models in HIV vaccine development. PLoS Med 5: ¢173. [Crossref]

Demberg T, Robert-Guroff M (2009) Mucosal immunity and protection against HIV/SIV
infection: strategies and challenges for vaccine design. Int Rev Immunol 28: 20-48. [Crossref]

Barry M (2018) Single-cycle adenovirus vectors in the current vaccine landscape.
Expert Rev Vaccines 17: 163-173. [Crossref]

Crosby CM, Barry MA (2017) Transgene Expression and Host Cell Responses to
Replication-Defective, Single-Cycle, and Replication-Competent Adenovirus Vectors.
Genes (Basel) 8. [Crossref]

Weaver EA, Nehete PN, Buchl SS, Senac JS, Palmer D, et al. (2009) Comparison
of replication-competent, first generation, and helper-dependent adenoviral vaccines.
PLoS one 4: ¢5059. [Crossref]

29.

30.

3

32.

Weaver EA, Nehete PN, Nehete BP, Buchl SJ, Palmer D, et al. (2009) Protection
against Mucosal SHIV Challenge by Peptide and Helper-Dependent Adenovirus
Vaccines. Viruses 1: 920. [Crossref]

Mercier GT, Nehete PN, Passeri MF, Nehete BN, Weaver EA, et al. (2007) Oral
immunization of rhesus macaques with adenoviral HIV vaccines using entericcoated
capsules. Vaccine 25: 8687-8701. [Crossref]

. Thomas MA, Spencer JF, Wold WS (2007) Use of the Syrian hamster as an animal

model for oncolytic adenovirus vectors. Methods Mol Med 130: 169-183. [Crossref]

Crosby CM, Barry MA (2014) Illa deleted adenovirus as a single-cycle genome
replicating vector. Virology 462-463: 158-165. [Crossref]

Copyright: ©2018 Matchett WE. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Glob Vaccines Immunol, 2018

doi: 10.15761/GVI1.1000128

Volume 3(1): 5-5


https://www.ncbi.nlm.nih.gov/pubmed/18700814
https://www.ncbi.nlm.nih.gov/pubmed/19241252
https://www.ncbi.nlm.nih.gov/pubmed/29251011
https://www.ncbi.nlm.nih.gov/pubmed/28218713
https://www.ncbi.nlm.nih.gov/pubmed/19333387
https://www.ncbi.nlm.nih.gov/pubmed/20107521
https://www.ncbi.nlm.nih.gov/pubmed/18063450
https://www.ncbi.nlm.nih.gov/pubmed/17401172
https://www.ncbi.nlm.nih.gov/pubmed/24996029

	Title
	Correspondence
	Abstract
	Key words
	Introduction
	Materials and Methods 
	Results
	Discussion
	Acknowledgements
	References

