
EurJ Conrn C/in On&, Vol. 25, No. 6, pp. 973-976, 1989 
Printed in Great Britain 

0277-5379m9s3.00 t 0.00 
0 1989 Pcrgamon Press plc 

T-Lymphocyte Dysfunction in the Elderly Associated 
with Zinc Deficiency and Subnormal Nucleoside 
Phosphorylase Activity: Effect of Zinc 
Supplementation 

ZAFRALLAH T. COSSACK 

Human and Clinical Nutrition, Odense University, Campusvej 55, Odense, Denmark 

Abstract-The present study was conducted in an attempt to explore a possible mechanism for 
zinc-de$ciency-induced T-lymphocyte dysfunction in the elderly. Eight elderly subjects aged 65-78 
years served in this study. All subjects were anergic, zinc-deficient and had low activity of erythrocyte 
nucleoside phosphorylase. Baseline values for zinc status and immunological indices were established 
after which subject were treated with zinc acetate (60 mg elemental zinc per day given orally) for a 
period of 41 months. Zinc supplementation resulted in a signtficant increase in the concentrations of 
zinc in plasma (P < O.OOl), erythrocytes (P < 0.05), bmphocytes (P < 0.001) and neutrophils 
(P < 0.005). The activity of nucleoside phosphorylase in erythrocytes increased sign@antly 
(P < 0.001) as a result of Zinc treatment. This was associated with sign$cant improvement in the 
delayed cutaneous hypersensitivity reactions. 

INTRODUCTION 
NUCLEOSIDE PHOSPHORYLASE (NPase), an enzyme 
essential for T-lymphocyte and B-lymphocyte func- 
tions, catalyzes the phosphorylysis of guanosine, 
inosine, deoxyguanosine and deoxyinosine. Patients 
with NPase deficiency accumulate large amounts of 
all four substrates in their urine, have low serum 
uric acid and excrete diminished amounts of uric 
acid [ 11. In vitro enzymatic and metabolic studies 
have supported the hypothesis that the accumu- 
lation of the substrate of deoxyguanosine triphos- 
phate (d-GTP) accounts for the T-cell specific effect 
of NPase deficiency (see discussion) such as delayed 
cutaneous hypersensitivity (DCH) reactions. 

The necessity for zinc (Zn) for normal immune 
response has been well established [2-51. Zinc 
deficiency in the experimental animal model has 
been associated with impaired cell-mediated 
immunity, poor growth of lymphoid organs and 
thymic atrophy [2]. Moreover, T-lymphocyte- 
mediated functions such as DCH reactions and 
T-helper and cytotoxic T-killer activities are 
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adversely affected in the Zn-deficient state in ani- 
mals [2, 31 and in human subjects [4, 51. 

The elderly population exhibits clinical and lab- 
oratory evidence of immunologic dysfunction which 
is characterized by an increase in the incidence and 
severity of infections and impaired cellular and 
humoral immunity [6-8]. Beisel [9] reviewed 
increasing evidence that trace elements, particularly 
zinc, may affect the immune response in the elderly. 
Furthermore, Sanstead et al. [lo] indicated that 
the elderly population is one of the groups which 
appears to have a high incidence of mild Zn 
deficiency which may account for the high incidence 
of immunological abnormalities in this population. 

Therefore, the present study was conducted to 
test the effect of Zn supplementation on anergic, 
Zn-deficient elderly subjects with a low activity of 
erythrocyte NPase in an attempt to explore a poss- 
ible mechanism for the Zn-deficiency induced 
T-lymphocyte dysfunction. 

MATERIALS AND METHODS 
Eight relatively healthy non-institutionalized 

elderly subjects participated in this study. They 
were all males aged 65-78 years, of lower socioecon- 
omic status and able to sign a consent form. These 
subjects were selected among 50 elderly who volun- 
teered to participate in another investigation in 
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Table 1. Parametric measurements of zinc status and immunological indices in the elderly @an 2 S.D.1 

Baseline After 
(before 4fmonths of 

treatment) treatment 

Significance 
(Pvalue)* 

Controlst 

Zinc concentration in: 
Plasma (kg/dl) 
Erythrocytes(pg/gHb) 
Lymphocytes(pg/lO” cells) 
Neutrophils (~g/lO’” cells) 

Immunological indices: 
Total lymphocyte count (cells/mm ‘) 
Number ofpositive skin tests: 
Mean diameter ofpositive reactions (mm) 
Erythrocyte NPase activity (OD/h/mg Hb)§ 

7.5 f. 15 115 f 19 <O.OOl 982 12 

36 + 9 43 r II co.05 45 + 8 

35 f 10 51 2 11 <O.OOl 49* 13 

482 12 67 2 9 co.005 592 10 

1859 2 420 1975 C 285 N.S. 2011 + 285 

17/32 (53%) 25/32 (78%) 44/52 (85%) 
7.8 ” 2.1 14.1 -c 3.9 <O.OOl 16.6 + 4.3 
7.7 2 2.1 13.6 t 4.0 <O.OOl 16.5 f 7 

*Baseline values compared to those after 4: months of zinc treatment using paired t-test. 
TLaboratory normal values for 13 age and sex matched healthy subjects. 
$Ratio between positive response and number of tests. Number in parentheses indicates the percentage ofpositive response. 
§The change in optical density per hour per milligram hemoglobin. 

showed a significant decrease in the activity of cultures significantly inpairs the ability of lympho- 
NPase, in liver and erythrocytes, in Zn-deficient as cytes to synthesize DNA [22] and to produce antigen 
compared to pair-fed or ad lib-fed rats. The present stimulated lymphokines [23], both essential steps 
study clearly demonstrates the increase in NPase in the process of DCH reactions. Thus zinc sup- 
activity in response to Zn supplementation. This plementation may reserve this effect. The present 
effect was associated with improved DCH reactivity study and our previous results [20] in the exper- 
in the elderly subjects. Pilz et al. [21] provided imental animal model provide support to the first 
evidence for the structural involvement of Zn ions mechanism in that zinc supplementation induces 
in NPase associated with human lymphoblasts. the activity of the enzyme, NPase, essential for 

Two possible mechanisms may explain our pre- normal T-lymphocyte function assessed by DCH 
sent findings with regard to the effect of Zn sup- reactivity test. Moreover, the early finding of lym- 
plementation in correcting the T-lymphocyte dys- phocyte depletion of NPase in the elderly [24] 
function manifested by abnormal DCH reactivity. may be linked with our present observation of Zn- 
The first mechanism involves the stimulation of responsive immunoregulation of lymphocyte func- 
NPase by Zn as demonstrated in the present study. tion in the aged. 
The second possible mechanism involves the effect 
of Zn on DNA synthesis: Zn depletion in in vitro 
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