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Abstract: Elderly individuals are susceptible to develop infectious diseases; promoting innate immunity to prevent infections is a key issue. Hu-
man B-defensin-2 (hBD-2) is an antimicrobial peptide with antimicrobial and immunomodulatory properties. L-isoleucine and vitamin D are
important molecules that induce hBD-2. The Aim of this study was to determine the use L-isoleucine and Vitamin D to induce hBD-2 in cells
from healthy elderly individuals and elderly individuals with recurrent infections. We explored three groups: young adults (n = 20) used as con-
trol group, elderly adults (n = 18) and elderly with recurrent infections (n = 11). PBMCs (peripheral blood mononuclear cells) were isolated from
the different groups and then were treated with L-isoleucine or vitamin D3. hBD-2 concentration was assessed with a sandwich enzyme Im-
munosorbent assay by triplicate. Using the vehicle as a mock control. Our results showed that a percentage of the individuals responded to the
treatments producing hBD-2 (p<0.05). These results showed that both molecules induced hBD-2 in elderly individuals and can be potentially
used as prophylactic therapy to decrease infection diseases rates in this vulnerable group.
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Introduction

Antimicrobial peptides (AMPs) are cationic endogenous
antibiotic peptides expressed mainly by epithelium and
cells of the innate immune system. AMPs exert antimicro-
bial activity in a concentration-dependent manner, ma-
king their expression a critical factor in host defense. In
humans it has been reported that the main AMPs are cat-
helicidins, a-defensins and B-defensins [1].

B-defensins are at the interface between the adaptive
and innate immune systems; besides its direct antimicro-
bial activity, B-defensins exhibit chemotactic function to-
wards cells expressing the chemokine receptor CCR6 such
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as immature dendritic cells, memory T cells, neutrophils
and mast cells [2, 3]. Defensin are expressed in unstimula-
ted cells in basal amounts, however, the expression of hu-
man beta-defensin-2 (hBD-2) and human beta-defensin-3
(hBD-3) is conditioned by pro-inflammatory cytokines sti-
muli such as TNF-q, interleukin (IL)-1p, IL-17, and IL-22.
hBD-2 is mainly concentrated in the epithelia of the lung,
tonsils, trachea and blood innate immune cells, therefore
plays a critical role in the prevention of infection. The in-
ducible properties of hBD-2 suggest that it plays a signifi-
cant role in innate immune defense [4], indeed it has been
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reported that individuals with deficiency in the production
of this AMP are prone to develop infectious diseases [5].
Thus AMPs have been suggested for therapeutic agents
administered as recombinant or synthetic protein, as well
as using inducers, which stimulate specific cells for high
AMPs production and secretion. A good example of an in-
ducer is L-isoleucine, which is an essential amino acid that
it has been reported as a strong inductor of 3-defensins
in bovine kidney epithelial cells and lung epithelia [6].
On the other hand, it has been described that 1,25-dihy-
droxyvitamin D3 (1,25D) is an important hBD-2 inducer
which promotes bacteria elimination [7], indeed defici-

Table I. Clinical characteristics

ency in the vitamin D-receptor leads to a reduced hBD-2
production and in consequence an impaired capacity to
eliminate bacteria [8]. After sunlight exposure of the skin,
7-dehydrocholesterol converts to pre-vitamin D3, which is
hydroxylated in the liver into 25-hydroxyvitamin D3 (25-
(OH)D3) and in the kidney into 1,25-dihydroxyvitamin
D3 (1,25(0H)2D3) [9], however other cells of the mono-
cyte /macrophage lineage, hydroxylate 25(0OH)D3 into
1,25(0OH)2D3. In particular, PBMCs (peripheral blood mo-
nonuclear cells) -derived macrophage also respond to vita-
min D through vitamin D receptor with increased NFATc1
expression [10, 11].

Young Adults Elderly Adults Recurrent infection Pvalue*
(n=20) (n=18) Elderly Adults
(n=11)

Age (Years) 28.29+3.43 70.30£6.22 77.21£9.93 <0.0018P
Gender (M/F) 10/10 9/9 6/5 N/D
Erythrocytes (million/ul) 5.14+0.52 4.93+0.47 4.57+0.65 0.051
Leukocytes (1x103 cell/ul) 6.47+1.39 6.74+1.61 5.42+1.23 0.052
Lymphocytes (%) 35.84+6.46 32.93+£6.57 28.88+10.27 0.054
Monocytes (%) 7.56+1.49 8.15+2.31 8.37£2.82 0.253
Eosinophils (%) 211+£1.16 2.60£1.47 2.59+1.84 0.758
Basophils (%) 0.63+0.35 0.565+0.38 0.57+0.38 0.544
Neutrophils (%) 53.78+£6.95 55.77 £8.65 59.69+9.47 0.090
Hemoglobin (g/dl) 15.14+£1.46 14.69+1.59 13.79+2.00 0.090
Ht, EVF (%) 45.36+3.91 45.20+£4.48 41.28+5.71 0.0565
Glucose (mg/dl) 76.66+8.62 90.25+12.59 78.27 £24.04 <0.0018E
BUN (mg/dl) 13.48+2.94 16.10+5.22 20.11£10.23 0.051
Creatinine (mg/dl) 0.81+0.16 0.85+0.15 0.95+0.32 0.272
Uric Acid (mg/dl) 5.99+1.64 5.70+1.19 4.90+0.93 0.190
Cholesterol (mg/dl) 201.06+38.72 210.50%40.75 188.39+46.38 0.374
Triglycerides(mg/dl) 158.80+94.93 168.14+79.99 132.71+58.85 0.491
Urea (mg/dl) 28.99+6.17 34.41+£11.15 43.10+£21.88 0.0561
Alanine Transaminase (IU/L)°¢ 29.20+17.67 20.83+6.55 25.35+14.88 0.660
Aspartate Transaminase (IU/L)°¢ 24.21£8.61 25.39£6.64 25.36£10.37 0.654

m o o m »

BUN. Blood urea nitrogen

Ht, EVF. Hematocrit, erythrocyte volume fraction

Descriptive statistics used were mean+SD
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Group comparisons were calculated with a Kruskal-Wallis rank sum test for non-parametric data
Pvalues of less than 0.05 were considered statistically significant
Data was available for these variables for at least 18 and 18 and 11 subjects of each group respectively.
Elderly groups showed no statistical differences between them, only when compared any of the elder groups with young adults.
Elderly groups showed no statistical differences between them, only when compared any of the elder groups with young adults.
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Elderly population has been growing in the last deca-
des, recent research suggests that aging comes with a de-
creased immune function [12] and therefore an increased
incidence of several infectious diseases. The relationship
between morbidity and decreased immune function
clearly acknowledge the fact that with decreased or im-
paired immunity comes an increased susceptibility to in-
fectious diseases, cancer and autoimmune disease [13].
In this pilot study we evaluated L-isoleucine and 1,25 D
as hBD-2 inducers in PBMC from elderly individuals,
thus promoting enhancement of innate immunity in this
vulnerable group.

Material and methods

Study subjects

The present study was approved by the National Commit-
tee of Ethics and the National Commission of Scientific
Research (R-2011-785-030) of the Mexican Institute of
Social Security (IMSS). The study was also performed ac-
cording to international treaty guidelines such as the de-
claration of Helsinki. We recruited 20 individuals from
25-34 years old (young healthy adults), 18 individuals
from 65-84 years old (healthy elderly adults) and 11 indi-
viduals 65-84 years old with recurrent infections in a peri-
od of three to six months according to medical history (see
Table I). The selection criteria used were those of the SE-
NIEUR protocol [14] and the absence of infection and dia-
betes mellitus. Measurements of laboratory parameters
were made by standard clinical laboratory procedures at
the “Emilio Varela Lujan” general hospital of IMSS,
Zacatecas.

Peripheral blood mononuclear
cells isolation and stimulation

Heparinized blood was obtained from each donor; samp-
les were processed within 3 h after drawing. PBMCs were
isolated using Ficoll-Hypaque (Nycomed Pharma AS,
Oslo, Norway). Cells were washed twice with phosphate-
buffered saline (PBS, pH 7.3), and their viability was as-
sessed by trypan blue dye exclusion. 5x105 PBMCs were
cultured per well in 24 well-plates (Costar, Ontario, Cana-
da) with RPMI-1640 containing L-glutamine and penicil-
lin in 5% CO2 at 37°C. For stimulation, cells were treated
with 50 pg/ml of L-isoleucine (Sigma-Aldrich, St. Louis,
USA) for 24 hours as reported previously [15]. Similarly,
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cells were stimulated with 10-7 M of active form vitamin
D3 (1,25(0OH)2D3) (Sigma-Aldrich, St. Louis, USA) or an
equal amount of DMSO (Sigma-Aldrich, St. Louis, USA)
(0.5% v /v, such as vehicle control) for 24 hours similar to
other models reported elsewhere [16]. After incubation,
the obtained supernatants were supplemented with prote-
ase inhibitor cocktails, divided into aliquots and stored at
-70 °C until use. As control it was used cells stimulated
only with the vehicle (Mock).

Human B-defensin-2 quantification
from cell-derived supernatants

The supernatants obtained from stimulated cells were
collected as PBMCs-conditioned medium (PBMCCM)
and filtrated using Amicon Ultra-4 centrifugal filter de-
vices with a cut-off 10 kDa (Millipore, Billerica, MA, USA)
according to the manufacturer’s instructions and the flow-
through was used for further analyses. Subsequently, we
performed Bradford protein assay to measure total prote-
ins and performed ELISA assay using equal amounts of
total proteins for each assay. It was used a commercial
ELISA kit from Peprotech (Rocky Hill, CT, USA) following
manufacturer’s recommendations.

Statistical analysis

Normality of all data was analyzed using a Kolmogorov-
Smirnov normality test for each data set. Followed by non-
parametric multiple comparison test Kruskal-Wallis to
identify differences between groups. In the case of finding
statistical significance (p<0.05) a Dunn’s post hoc test was
performed. Two-sided p values 0f<0.05 were considered
statistically significant. Statistical analysis was performed
using the GraphPad Prism Software (Graph Prism Soft-
ware version 5.02, San Diego, CA).

Results

Clinical characteristics of participants

The clinical data analysis for each group showed that there
were only differences regarding age and glucose between
groups, worthwhile to notice that the mean values found in
this group are not higher than those values reported as pa-
thological. We analyzed several other variables associated
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with study subjects that have been reported to be associa-
ted with the healthy state but found no differences. All this
data is summarized in Table I.

Proportion of responders to stimulation

The results from ELISA assay showed that not all individu-
als produced hBD-2 after stimulation either with L-isoleu-
cine or 1,25D. The proportion of individuals varies among
groups. In young adults, 12 responded to L-isoleucine and
9 to 1,25 D, in elderly adults 9 responded to L-isoleucine
and 9 to 1,25D whereas in the group of elderly with recur-
rent infection, 2 responded to L-isoleucine and 1 to 1,25 D
(Table II). The hBD-2 concentration obtained for each
group of responders was similar for both treatments.
Young adults-responder group showed statistical differen-
ces for both L-isoleucine and 1,25D (Figure 1A), similar
results were observed for elderly adults (Figure 1B). For
the case of the group of elderly with recurrent infections

Table Il. Proportion of responders to in vitro stimulation with L-isoleu-
cine and Vitamin D

Young Elderly
Adults Adults

Elderly Recur-
rent** Infection

Total subjects

. 2 1 I
stimulated 0 8

Number of respon-
ders* to L-isoleu- 12/60 9/50 2/184
cine/percentage

Number of respon- 9/45 9/50 1/94
ders* to vitamin D/
percentage

* Defined as an increase of 2 pg/ml with respect to control or mock
stimulated sample

** Defined as subjects that in a period of 4 months presented with at
least two recurrent clinical manifestations of urinary, gastrointesti-
nal or upper tract infection. Samples were obtained from these in-
dividuals when no clinical manifestations of disease were present.

A The percentage of responders to L-isoleucine or vitamin D were
statistically different only in the group of elderlies with recurrent
infections p<0.01.

there were no statistical differences (Figure 1C).

Discussion

Several reports have suggested the utility of Vitamin D and
L-isoleucine to improve innate immunity through the in-
duction of antimicrobial peptides such as cathelicidin and
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Figure 1. human B-Defensin-2 (hBD-2) production in individuals that
responded to stimuli. PBMCs from 3 groups were harvested and trea-
ted for 24 with 50 pg/mL of L-isoleucine or with 10-7 mM of
1,25(0H)2D3. hBD-2 production of individuals who responded to the
treatment (defined as an increase of 2 pg/ml with respect to control)
was graphed. As control we used cells stimulated only with the vehicle
(Mock). Young healthy adults (Panel A), healthy elderly individuals (Pa-
nel B) and elderly individuals with recurrent infection (Panel C) were
evaluated for production of hBD-2 after treatment. Data is expressed
as mean+SD. * p<0.05.n=YA/20,EA/18,ERI/11

hBD-2 in cell line cultures [8, 15-20]. It has been widely
described the direct antimicrobial activity of these two
peptides, as well as their immunomodulatory properties
which provide a link between innate and adaptive immuni-
ty promoting an efficient response against invading patho-
gens; the deficiency in the production of these peptides is
associated with the susceptibility to infectious disease [5].
Thus, in the last few years a big effort has been made to
induce these peptides in vulnerable groups such as in dia-
betic mellitus patients, tuberculosis patients and neonates
[15, 16, 18]. Indeed, L-isoleucine has been used as experi-
mental treatment in children suffering acute diarrhea [21].
In the present study, we focused to the elderly individuals,
due to the fact that it is known that aging comes with a de-
creased immune function [12] and therefore an increased
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incidence of several infectious diseases. The decreased
immune function in aged patients is associated with incre-
ased susceptibility to infectious diseases [13]. Thus we de-
cided to explore the induction of hBD-2 in this group with
L-isoleucine and vitamin D.

First, we analyzed the clinical aspects of the different
groups, results showed only statistical significance in age
and glucose levels, however these glucose levels are consi-
dered as normal. Since gender is homogeneous among
groups, it can be discarded hormonal influence in our re-
sults. Thereafter, we measured the concentration of hBD-2
in the supernatants from PBMCs, no-stimulated and sti-
mulated with L-isoleucine or 1,25D, our results showed
that there were no differences in the baseline production
of hBD-2 between groups, which correlates with previous
studies, where it was reported that hBD-2 production is
preserved during aging [22]. For the case of stimulated
PBMCs, not all individuals responded to the treatment;
the percentage of responders were variable according to
the group and with the treatment (L-isoleucine or 1,25D).
Altogether these results showed that only a percentage of
the individuals treated with L-isoleucine or 1,25D respon-
ded to the treatment with the production of hBD-2, wor-
thwhile to mention that individuals who responded to one
treatment had a trend to respond to the other as well. Alt-
hough it was most desirable to find a major responsiveness
in the group of recurrent infections, it cannot be discarded
the potential use of these two molecules as prophylactic in
both groups of elderly, because inducing hBD-2 will provi-
de beneficial effects to prevent other pathologies and im-
prove nutritional fitness. Whether this treatment is func-
tional to improve elderly’s health needs to be further
studied in a preclinical and multi-centric study using a
much bigger number of volunteers for each group.

Previous studies by our group have shown similar re-
sults in diabetic patients, where only a percentage of the
individuals responded to the treatment with 1,25D, the no
responder-patients showed an evident Vitamin D Recep-
tor (VDR) downregulation [8]. We hypothesize that similar
phenomena could be seen in the present study but need to
be elucidated; though this is a possible explanation, other
molecules should be also explored such as CYP27Bl,
which is involved in vitamin D hydroxylation. Besides, it is
needed to identify the L-isoleucine receptor, which is in-
volved in the antimicrobial-mediated immune response.
Although only less than 60% of the individuals responded
to the treatment, it is worthy to use both molecules alone
or in combination in elderly individuals mainly for prophy-
laxis, since both molecules are cheap and have no toxic or
side effects, however it needs to be previously tested.
Since this is a descriptive pilot study, it is worthy for future
studies, to increase the number of subjects for each group
and correlate the hBD-2 production with the combination
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of alow CD4:CD8 ratio (<1), an expansion of CD8+CD28-
T-cells of 50% of the peripheral blood lymphocytes and
the presence of CMV specific IgG antibodies which alto-
gether lead to an increased risk of mortality among octa-
gerians (Immune Risk Profile) [23].

Acknowledgements

BRS. Designed the study and wrote the paper. JECD,
performed the experiments and collected the samples, ZA
and JAEM read critically the manuscript. IGC and CRS
wrote the paper and performed reviewers comments. Spe-
cial thanks to ISSSTE Seniour Association for their enthu-
siastic participation in the Study. We thank the clinical la-
boratory staff at the Emilio Varela Lujan Hospital of
Zacatecas. We thank to Millie Minoir-Ford for manuscript
reviewing and writing assistance.

This study was funded to BRS by CONACyT-FOSSIS
grant number SALUD-2011-1-1617335, BRS thanks Funda-
cion IMSS for the scholarship to support this investigation.

Conflict of Interest

Authors declare no conflict of interest

References

1. Zasloff, M. (2002) Antimicrobial peptides of multicellular or-
ganisms. Nature. 415.389-95b.

2. Yang, D., O. Chertov, S.N. Bykovskaia, Q. Chen, M.J. Buffo, J.
Shogan, M. Anderson, J.M. Schroder,J.M. Wang, O.M. Howard,
and J.J. Oppenheim. (1999) Beta-defensins: linking innate
and adaptive immunity through dendritic and T cell CCR6.
Science. 286.525-8.

3. Boniotto, M., W.J. Jordan, J. Eskdale, A. Tossi, N. Antcheva, S.
Crovella, N.D. Connell, and G. Gallagher. (2006) Human beta-
defensin 2 induces a vigorous cytokine response in periphe-
ral blood mononuclear cells. Antimicrob Agents Chemother.
50. 1433 -41.

4. Harder,J., U. Meyer-Hoffert, L.M. Teran, L. Schwichtenberg, J.
Bartels, S. Maune, and J.M. Schroder. (2000) Mucoid Pseudo-
monas aeruginosa, TNF-alpha, and IL-1beta, but not IL-6, in-
duce human beta-defensin-2 in respiratory epithelia. Am J
Respir Cell Mol Biol. 22.714-21.

5. Rivas-Santiago, B., C.J. Serrano, and J.A. Enciso-Moreno.
(2009) Susceptibility to infectious diseases based on antimi-
crobial peptide production. Infect Immun.77. 4690 - 5.

6. Rivas-Santiago, C.E.,R.Hernandez-Pando, and B. Rivas-San-
tiago. (2013) Immunotherapy for pulmonary TB: antimicrobial
peptides and their inducers. Immunotherapy. 5. 1117 - 26.

7. Wang, TT, B. Dabbas, D. Laperriere, A.J. Bitton, H. Soualhine,
L.E. Tavera-Mendoza, S. Dionne, M.J. Servant, A. Bitton, E.G.

IntJ Vitam Nutr Res (2017), 1-8



http://econtent.hogrefe.com/doi/pdf/10.1024/0300-9831/a000423 - Friday, October 27, 2017 1:34:08 PM - University of New South Wales |P Address:149.171.67.148

B. Rivas-Santiago et al., Vitamin D Promotes Defensin Production in Elderly Individuals

Seidman, S. Mader, M.A. Behr, and J.H. White. (2010) Direct
and indirect induction by 1,25-dihydroxyvitamin D3 of the
NOD2/CARD15-defensin beta? innate immune pathway de-
fective in Crohn>s disease. J Biol Chem. 285.2227 - 31.
Lopez-Lopez, N.,I. Gonzalez-Curiel,J. Castaneda-Delgado, A.
Montoya-Rosales, B. Gandara-Jasso, J.A. Enciso-Moreno,
and B. Rivas-Santiago. (2014) Vitamin D supplementation
promotes macrophages> anti-mycobacterial activity in type 2
diabetes mellitus patients with low vitamin D receptor ex-
pression. Microbes Infect. 16.755-61.

Cheng,J.B., M.A. Levine, N.H. Bell, D.J. Mangelsdorf, and D.W.
Russell. (2004) Genetic evidence that the human CYP2R1 en-
zyme is a key vitamin D 25-hydroxylase. Proc Natl Acad Sci U
SA.101.7711-5.

Adams, J.S., T.G. Beeker, T. Hongo, and T.L. Clemens. (1990)
Constitutive expression of a vitamin D 1-hydroxylase in a my-
elomonocytic cell line:a model for studying 1,25-dihydroxyvi-
tamin D production in vitro.J Bone Miner Res. 5. 1265-9.
tKogawa, M., PH. Anderson, D.M. Findlay, H.A. Morris,and G.J.
Atkins. (2010) The metabolism of 25-(OH)vitamin D3 by os-
teoclasts and their precursors regulates the differentiation
of osteoclasts. J Steroid Biochem Mol Biol. 121. 277 - 80.
Weiskopf, D., B. Weinberger, and B. Grubeck-Loebenstein.
(2009) The aging of the immune system. Transpl Int. 22.
1041 -50.

Appay, V., D. Sauce, and M. Prelog. (2010) The role of the thy-
mus in immunosenescence: lessons from the study of thy-
mectomized individuals. Aging (Albany NY). 2.78 - 81.
Ligthart, G.J., J.X. Corberand, C. Fournier, P. Galanaud, W. Hij-
mans, B. Kennes, H.K. Muller-Hermelink, and G.G. Stein-
mann. (1984) Admission criteria for immunogerontological
studies in man: the SENIEUR protocol. Mech Ageing Dev. 28.
47 -55.

Rivas-Santiago, C.E., B. Rivas-Santiago, D.A. Leon, J. Casta-
neda-Delgado, and R. Hernandez Pando. (2011) Induction of
beta-defensins by l-isoleucine as novel immunotherapy in
experimental murine tuberculosis. Clin Exp Immunol. 164.
80-9.

Gonzalez-Curiel, I., V. Trujillo, A. Montoya-Rosales, K. Rincon,
B. Rivas-Calderon, J. deHaro-Acosta, P. Marin-Luevano, D.
Lozano-Lopez, J.A. Enciso-Moreno, and B. Rivas-Santiago.
(2014) 1,25-dihydroxyvitamin D3 induces LL-37 and HBD-2
production in keratinocytes from diabetic foot ulcers promo-
ting wound healing: an in vitro model. PLoS One. 9.e111355.
Mily, A., R.S. Rekha, S.M. Kamal, E. Akhtar, P. Sarker, Z. Rahim,
G.H. Gudmundsson, B. Agerberth, and R. Ragib. (2013) Oral
intake of phenylbutyrate with or without vitamin D3 upregu-
lates the cathelicidin LL-37 in human macrophages: a dose

IntJ Vitam Nutr Res (2017), 1-8

18.

19.

20.

21.

22.

23.

finding study for treatment of tuberculosis. BMC Pulm Med.
13.23.

Raqib, R., A. Ly, E. Akhtar, A. Mily, N. Perumal, A. Al-Mahmud,
R.S. Rekha, A. Hel Baqui, and D.E. Roth. (2014) Prenatal vita-
min D(3) supplementation suppresses LL-37 peptide expres-
sion in ex vivo activated neonatal macrophages but not their
killing capacity. BrJ Nutr. 112.908 - 15.

Liu, PT., S. Stenger, H. Li, L. Wenzel, B.H. Tan, S.R. Krutzik, M.T.
Ochoa, J. Schauber, K. Wu, C. Meinken, D.L. Kamen, M. Wag-
ner, R. Bals, A. Steinmeyer, U. Zugel, R.L. Gallo, D. Eisenberg,
M. Hewison, B.W. Hollis, J.S. Adams, B.R. Bloom, and R.L.
Modlin. (2006) Toll-like receptor triggering of a vitamin D-
mediated human antimicrobial response. Science. 311.
1770-3.

Liu, PT., S. Stenger, D.H. Tang, and R.L. Modlin. (2007) Cutting
edge: vitamin D-mediated human antimicrobial activity
against Mycobacterium tuberculosis is dependent on the in-
duction of cathelicidin.J Immunol. 179. 2060 - 3.

Alam, N.H., R. Ragib, H. Ashraf, F. Qadri, S. Ahmed, M. Zasloff,
B. Agerberth, M.A. Salam, N. Gyr, and R. Meier. (2011) L-iso-
leucine-supplemented oral rehydration solution in the treat-
ment of acute diarrhoea in children: a randomized controlled
trial.d Health Popul Nutr. 29. 183 -90.

Castaneda-Delgado, J.E., N.Y. Miranda-Castro, R. Gonzalez-
Amaro, |. Gonzalez-Curiel, A. Montoya-Rosales, B. Rivas-Cal-
deron, and B. Rivas-Santiago. (2013) Production of antimi-
crobial peptides is preserved in aging. Clin Immunol. 148.
198 -205.

Strindhall,J., B.O. Nilsson, S. Lofgren,J. Ernerudh, G. Pawelec,
B. Johansson, and A. Wikby. (2007) No Immune Risk Profile
among individuals who reach 100 years of age: findings from
the Swedish NONA immune longitudinal study. Exp Gerontol.
42.753-61.

Bruno Rivas-Santiago

Medical Research Unit of Zacatecas UIMZ-IMSS
Interior de la Alameda #45 col centro.
Zacatecas, Zacatecas, México

Phone +52 4929226019

rondo_vm@yahoo.com

© 2017 Hogrefe



