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Abstract:

Elderly subjects suffer from increased levels of activated T cells and a TH1/TH2 imbalance. Zinc deficiency of
the aged is correlated with decreased cell-mediated immune responses. The association of age and zinc
adjustment with the amounts of TH1 (CCR5+) and TH2 (CCR4+) cell populations in healthy aged old donors
enrolled in the European ZINCAGE project was examined. Old and nonagenarian individuals revealed
increased TH1, TH2 cell numbers and a decreased TH2/TH]1 ratio in comparison to young individuals. The
differences between TH2/TH1 ratios of young and old/nonagenarians arose from young females. Adjusted zinc
status led to enhanced TH2 and TH1 amounts in fresh whole blood and thawed cells of aged donors whereas
increased HLA-DR+ expression and a generally lower CCRS5 expression was observed on thawed PBMC. In
conclusion, aging is associated with an increase in T helper cell polarization, and changes in TH2/TH1 subsets
are more obvious in women than in men. Advanced healthy aging is accompanied by TH cell polarization, too.
Moderate zinc supplementation in vivo alters TH proportions. Longer zinc treatment will give more insight into

the beneficial effect of zinc on T helper cell modulation.

1. Introduction:

Zinc is an essential trace element involved in transcription, replication, and signal transduction (Dardenne 2002;
Ibs et al., 2003). Mild zinc deficiency occurs more frequently than severe deficiency and is a commonly found
in healthy elderly subjects resulting in impaired cell-mediated immune responses (Ibs et al., 2003).

The clinical consequences of zinc deficiency are thymic atrophy, enhanced number of infections and
autoimmune diseases (Prasad 2004). Although zinc deficiency reduces the functions of neutrophils, monocytes
and B cells (Wellinghausen et al., 1997), the T cell compartment is mainly affected by both decreased and
increased serum levels of zinc (Cakman et al., 1996; Prasad 2000). Additionally, zinc deficiency causes a
functional alteration in TH1 and TH2 subsets, resulting from impaired synthesis of the TH1 cytokines IFN-y
and IL-2, whereas TH2 cytokines IL-4, IL-6 and -10 remain unchanged (Prasad 2000; Dardenne 2002).

In the elderly, changes in all parts of the immune system can be observed, designated as immunosenescence
(Pawelec et a., 2002), leading to enhanced incidence of infection, cancer and autoimmune diseases (Ginaldi et
al., 2005; Pawelec et al., 2006). In contrast, elderly subjects reveal insufficient intake of zinc and build a group

with high risk of zinc deficiency (Kaplan et al., 1988; Ibs et al., 2003). Therefore, zinc supplementation may
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lead to healthy aging of zinc-deficient elderly individuals (Boukaiba et al., 1993) and oral zinc supplementation
studies are important to determine the restoration of immune response of elderly people by balancing the zinc
status (Haase et al., 2006). Alterations during aging mainly affect the T cell system resulting in a reduction of
naive T cells and an increase in memory or effector-memory cells, a decrease in function, signalling, and shifts
in T cell subsets (Lesourd 1997; Prasad 2000; Pawelec et al., 2002; Mocchegiani et al., 2004). T cells of elderly
subjects display a non-specific pre-activation, e.g. shown by increased CD25+ T cell amounts (Pawelec et al.,
2002), resulting in impaired immune functions and responses to vaccination (Huang et al., 1992).

In this study we investigated the influence of zinc and age in modifying TH-subpopulations.

2. Materials and Methods:

2.1 Young and elderly donors:

A total of 60 (31 women, 29 men) physically and mentally healthy elderly volunteers aged 65-82 years (mean
age of 74.2; SD: =+ 5.6 years) were recruited in France, Germany, Greece, Italy and Poland and designated as
the old group. The second group (n= 15; 6 women, 9 men) consisted of individuals with a mean age of 91.4;
SD: + 3.5 years, named nonagenarians. 15 frozen PBMC samples, 8 from Germany and 7 from Italy, were
tested before and after zinc supplement (9 women, 6 men; mean age of 71.3; SD: + 6.3 years). The members of
this third group displayed mild zinc deficiency before supplementation with a mean of 10.58 uM; SD: + 2.09
serum zinc levels which was adjusted to a mean of 12.59 pM; SD: £1.96 (p=0.015) after seven weeks of zinc
supplementation. The physiological normal zinc concentration in serum ranges between 12-16uM (Rink et al.,
2000). The serum zinc levels were determined by induction plasma coupled mass spectrometry as described
previously (Kahmann et al., 2006). Additionally, whole blood lymphocytes of 20 healthy elderly individuals
(mean 68.5 £ 4.98 years; 10 women, 10 men) before and after zinc treatment were analyzed immediately after
taking the blood samples. Probes of two probands could not be analyzed at both time points and were therefore
skipped from the analysis. All individuals of the four groups had to fulfil qualification and selection criteria
required by the European specific targeted research project ZINCAGE (www.zincage.org). The exclusion
criteria and zinc treatment have been described (Kahmann et al., 2006). The young control group consisted of 6

healthy female and 5 male donors with a mean age of 31.8; SD: & 7.6 years.



2.2 Isolation, freezing and thawing of PBMC:

Peripheral blood mononuclear cells (PBMC) were isolated as previously described (Haase et al., 2006). PBMCs
at a concentration of 5 x 10° cells/ml were cyropreserved in freezing medium (90 % heat-inactivated low-
endotoxin fetal calf serum (FCS) (PAA Laboratories, Linz, Austria) and 10 % DMSO) and stored overnight at -
80°C before transfer into liquid nitrogen. For analysis, the cells were thawed in a water bath at 37°C and

washed twice in PBS containing 20 % FCS. Viability was tested by propidium iodine staining.

2.3 Analyses of T cell subsets and activation marker expression

Alterations in TH1/TH2 subsets were determined by the detection of appropriate chemokine receptors due to
preferential expression of CCR4 on human TH2 cells and CCR5 on human TH1 cells (Bonecchi et al., 1998).
Immunophenotyping of whole blood was performed as described previously (Kahmann et al., 2006).

PBMC were stained with monoclonal antibodies against CD3, CD4, CCR4, CCR5 and HLA-DR surface
molecules including appropriate isotypic controls (all from BD Bioscience, Heidelberg, Germany). The stained

cells were analyzed by two-colour fluorescence in a lymphocyte gate using a FACS calibur (BD Biosciences).

2.4 Statistical methods

Experimental data are expressed as means + standard error. The Wilcoxon test performed to determine the
significance of difference for paired samples and Spearman correlation were analyzed with the program SPSS

12.0 (SPSS Inc., Germany).

3. Results:

3.1 The number of THI and TH?2 polarized cells increases with age

It is known from many studies that TH1 and TH2 cytokines are found to be imbalanced during aging (Cakman
et al., 1996; Prasad 2000). When compared to lymphocytes of young individuals (n=11), healthy old (p= 0.003;
n=60) and nonagenarian (p= 0.004; n=15) subjects displayed significantly higher amounts of CD3+CCR4+
cells. Especially nonagenarians had higher percentages of CD3+CCR4+ TH2 cells than measured in the young
and old group. A significant increase of the percentage of CD3+CCRS5+ TH1 cells in healthy old (p= 0.004) and

nonagenarians (p= 0.026) subjects compared to healthy young individuals could also been detected (data not



shown). In addition, old subjects but not nonagenarians showed a clear decline in the CCR4/CCRS ratio (Figure
1) compared to younger subjects and nonagenarians.

We also addressed the question of whether gender influences TH1/TH2 levels during aging since sexual
hormones such as estrogens and progesterone are described to positively affect the TH2 subpopulation (Giron-
Gonzalez et al., 2000). By analyzing the young group, we detected a significantly higher proportion of TH2
(CD3+CCR4+) cells (p=0.043), a reduced percentage of TH1 (CD3+CCRS5+) cells and a higher CCR4/CCRS5
ratio (p=0.043) in young females than in males (data not shown). When comparing the CCR4/CCRS ratio in
women and men of the young (6 f, 5 m), old (31 f, 29 m), and nonagenarian (6 f, 9 m) groups, a significant
enhancement of CCR4/CCRS5 ratio to old (p= 0,028) and nonagenarian (p=0.046) subjects could only be
observed in young women (data not shown). However, the comparison of females and males from both the old
and nonagenarian group did not show any differences in the percentage of CD3+CCR4+, CD3+CCR5+ cells
and the CCR4/CCRS ratio. Thus, an age-dependent change in TH1 and TH2 subsets took place in women

which might result from altered sexual hormone production.

3.2 Modulation of T cell subsets during zinc supplementation

Zinc deficiency has been described to influence the balance of TH1/TH2 T helper cell subsets (Prasad 2000;
2006). Observing only a slight but not significant change in the CCR4/CCRS ratio after zinc supplementation
(Kahmann et al., 2006) in a small number of aged individuals, we increased the number of analyses in our own
laboratories as well as using frozen PBMC from the ZINCAGE consortium. We investigated the amounts of
TH1 and TH2 cells of thawed PBMC from healthy elderly donors with mild zinc deficiency (serum zinc levels:
mean 10.58 uM; SD: + 2.09) significantly adjusted to 12.59 uM; SD: £ 1.96 after seven weeks of zinc
supplementation by flow cytometry. In comparison, we also analyzed fresh whole blood lymphocytes from
healthy elderly individuals with mild zinc deficiency before (11.15 + 1.77 uM) and increased zinc levels after

treatment (12.14 = 1.44 uM) under the same conditions. Figure 2A and 2B displays representative two-colour

fluorescence stainings of frozen PBMC and whole blood lymphocytes. We found a significant increase of TH2

(CD3+CCR4+) cells after zinc supplementation in frozen samples (p = 0.011) and in lymphocytes from freshly

drawn blood (p = 0.048). The same but not significant tendency was observed in TH1 cells, whereas an

increased TH2/TH1 ratio in frozen PBMC in contrast to freshly analyzed lymphocytes after zinc adjustment




was detected (data not shown). Another difference was the finding that the CCRS5 expression on T cells from

frozen samples declined one third in contrast to freshly analyzed T cells. Therefore, the phenotypic analyses of

frozen samples isolated from untreated and treated elderly subjects should be carefully assessed in the design of

each in vivo study since isolation of PBMC and freezing-thawing procedures alter the proportions of

lymphocyte subsets, their functional properties, or the expression of surface molecules such as CCRS

(Costantini et al., 2003). Consequently, the CCR4/CCRS5 ratio shows an inverse tendency in frozen and fresh

blood samples (Figure 3). A significant accumulation of CD4+HLA-DR+ cells after zinc supplementation (data

not shown) within the frozen Italian samples could also be detected.

4. Discussion

By investigating the effect of age on the proportion of T helper subsets in frozen-thawed PBMC we found a
significantly higher proportion of TH1 and TH2 cells in the old and in the nonagenarian group when compared
to young individuals. These results are in line with other publications reporting mainly an enhancement of TH2

in elderly people (Cakman et al., 1996, Prasad 2000; Sandmand et al., 2002; Ibs et al., 2003). We analyzed TH

subsets by staining CCR4 and CCRS5 described to be related to TH1 and TH2 cells (De et al., 2005, King et al.,

2006; Yanai et al., 2007) Although other laboratories characterized TH1 and TH2 responses via intracellular

IFN- and IL.-4 cytokine staining after stimulation, there are also some drawbacks such as culturing and

activation of lymphocytes, variation in viability when comparing frozen samples from different laboratories,

reduced cytokine production (IL-2, IFN-). and altered T cell signal transduction within the elderly (Cakman et

al., 1996: Pawelec et al., 2002; Linton and Dorshkind, 2004). Interestingly, the amounts of THI1 cells of

nonagenarians were lower than those of the old subjects in contrast to higher TH2 amounts, and a change in the
TH2/THI ratio compared to younger subjects could not be observed. Sandmand and coworkers (2002) also
studied frozen samples and found that 81-year old individuals also showed a significant higher percentage of

IFN- + T cells and IL-4+ T cells than the young control group. Additionally, they detected that centenarians had
lower amounts of IFN- + CD8+ cell than the 81-year group, and that there was no difference in percentages of
IFN- + CD4+ cells and IFN- + /IL-4+ ratio in comparison to young subjects. Furthermore, Alberti et al. (2006)

found IL-4 positive cells significantly increased in activated/memory CD4+ subset from nonagenarians. We
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could also detect an enhancement of TH2 cells in the nonagenarian group and a lower proportion of TH1 cells
than in the old group which resulted in a significant difference in the TH2/TH1 ratio compared to the old group.
This indicates that healthy aging is accompanied with the recurrence of TH1 and TH2 levels found in healthy
young individuals.

On the other hand, the significant shifts to increased TH2 and TH1 counts in old and nonagenarians we detected
resulted from the modification of the TH2/TH1 subsets of women during aging. It is reported that women
present a predominant TH2 cytokine profile (Giron-Gonzalez et al., 2000), that progesterone and B-estradiol

induced production of IL-4 and IL-13 in human PBMC but not IFN- (Hamano et al. 1998) and that sexual

steroids are capable of driving the balance towards TH1 or TH2 mediated responses (Whitacre et al., 1999).

Scheffer et al. (2000) detected a variable production of the TH1 cytokine IFN- in young women but stable

levels with increasing age while others observed increasing TH1 cytokine levels in postmenopausal women
(Kamada et al., 2001). Therefore, the impact of altered levels of sexual hormones during the aging process
together with the postmenopausal stages of women should be taken into account for further investigations of T
helper subsets in immune gerontological studies.

Additionally, the effect of oral zinc supplementation on THI and TH2 subsets and T cell activation status of
elderly subjects with moderate zinc deficiency were analyzed on freshly drawn whole blood and frozen PBMC.
The shift of THI and TH2 subsets in healthy elderly individuals to a predominant TH2 response is due to

impaired production of IFN- combined with an increased production of IL-4 and IL-10 after stimulation

(Cakman et al., 1996; Rink et al., 1998). Zinc deficiency is also accompanied by TH1/TH2 imbalance resulting
in increased susceptibility to infections. Beck et al. (1997) reported that the production of IL-2, IFN-y and TNF-
o by TH1 cells was decreased, whereas the levels of TH2 cytokines IL-4, -6 and -10 were unaffected during
zinc deficiency. However, normalization or enhancement of TH1 cytokines IL-2 and IFN- production via zinc
supplementation has been described (Prasad 2000, Kahmann et al. in press).

Therefore, this implies that zinc treatment would affect the proportions of TH1 and TH2 cells. We could

demonstrate an increase of TH1 and TH2 cells in thawed samples and whole blood lymphocytes but a slight

reduction in TH2/THI1 ratio after zinc supplementation in fresh whole blood lymphocytes only. Although zinc

treatment leading to physiological serum levels did not significantly affect the TH2/THI ratio in the elderly




(Kahmann et al., 2006), our data analyzing enhanced amounts of elderly subjects supports the assumption that

zinc influences the TH2/TH1 balance. Zinc treatment might also lead to correction of T cell responses since we

detected a higher IFN- release from activated T cells after zinc supplementation (Kahmann et al. in press).

Since the period of zinc supplementation might have been too short, supplementation of up to at least three
months might uncover modifications in the TH2/TH]1 ratio due to sufficient production of naive T cells. The
generation of naive T cells, which can alter the ratio, is also hampered by increased amounts of memory cells in
the elderly (Ibs et al., 2003).

Thawed PBMC showed a lower CCRS5 expression and an enhanced TH2/TH]1 ratio in comparison to fresh

whole blood. Separation of PBMC via Ficoll density gradient centrifugation and cryopreservation led to

selective loss or increase of T cell subsets or to an increase in the proportion of HLA-DR+ cells (Tollerud et al.,

1991) as well as a decline in CCRS5 expression in comparison to whole blood analysis techniques (Romeu 1992:

Renzi and Ginns 1997, Costantini et al., 2003). Further comparative experiments with an elevated number of

markers and cytokine staining of whole blood cells and frozen samples have to be performed to determine the

role of CCR markers in zinc treatment and TH1/TH2 balance in the elderly. This will also help to determine the

impact of frozen material in routine monitoring or in the design of multicenter studies.

In conclusion our study shows that the increase of TH1 and TH2 cells as well as TH2/TH1 ratio is associated
with age and with gender. It could also be shown that the increased TH levels were lower in nonagenarians than
in old subjects suggesting that healthy aging is related with a less pronounced TH cell polarization.

However, zinc supplementation modulates the TH2 polarization resulting in an increase of the TH2 and TH1

population which is normally observed in healthy aged nonagenarians. Longer zinc treatment periods in

combination with the examination of fresh whole blood will show the impact of zinc affecting the TH2/TH1
balance. Therefore, we would suggest that moderate zinc supplementation is helpful for healthy aging, which

should be further proven in future studies.
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Legends to figures:

Figure 1: TH2/THI1 ratio in healthy old and nonagenarians.

The TH2/ TH1 ratio was analyzed using appropriate CCR and CD3 as markers on peripheral blood
lymphocytes from 60 healthy old subjects and 15 healthy nonagenarians and compared to healthy young donors
(n=11). A reduced change in the CCR4/CCRS5 ratio was observed in the old group compared to young subjects
(* p=0.026) and nonagenarians (* p=0.012). Significances were calculated by the Wilcoxon test, two-sided

(mean + SE).

Figure 2: Comparison of CCR4 and CCRS5 expression on T cells before and after zinc supplementation.
Immunophenotypic characterization of CCR4 and CCRS positive T cells before and after zinc supplementation
by FACS analysis displayed by representative dot plots. Two-colour fluorescence staining of lymphocytes from

thawed (A) or fresh blood (B) samples are shown. 15 000 cells were measured and gated on lymphocytes.

Figure 3: Effect of zinc adjustment to CCR4/CCRS ratios TH2 cells of frozen samples and whole blood
cells from elderly donors.

The TH2/TH1 ratio was analyzed using their appropriate CCR and CD3 as markers on thawed peripheral blood
lymphocytes (gray bars; n=15, mean + SE) and on whole blood (black bars; n=18, mean + SE) from healthy
elderly subjects before and after seven weeks of zinc supplementation. A slight increase in the CCR4/CCR5
ratio after zinc supplementation was observed in the frozen samples whereas a slight decrease in the

CCR4/CCRS ratio in whole blood samples was detected by FACS analysis.
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