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Abstract

Introduction: Zinc (Zn) deficiency can cause significant defects in cellular immunity. Hematopoietic stem cell
transplantation (HSCT) patients usually experience serious deficiencies of all components of the immune
system. Therefore, the maintenance of a normal Zn status may be important in this group of patients.

Patients and Methods: Serum Zn levels were analyzed in 55 patients during the HSCT period. As Zn-related
factors, serum copper (Cu) levels and alkaline phosphatase (ALP) activity were also measured.

Results: There was decrease in Zn values immediate post-transplant period (at day +10) when compared to pre-
HSCT levels (P=0.06). In patients who developed hypozincemia, adverse events appeared to occur more
frequently.

Conclusion: This study suggests that maintaining a normal Zn status can be important in HSCT patients and Zn
deficiency may be a risk factor causing adverse effects.
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Introduction new hematopoiesis and also during inflammatory
conditions, preventing vascular  endothelial
injury.(4, 5) Therefore, maintaining an optimal Zn
status may be important for HSCT patients. In the
present study, serum Zn levels were analyzed in
adult patients undergoing HSCT. Serum copper
(Cu) values and alkaline phosphatase (ALP) activity
were also evaluated.

Hematopoietic stem cell transplantation (HSCT) is
a therapeutic procedure consisting of the
administration of high-dose chemotherapy followed
by intravenous infusion of hematopoietic stem cells
to re-establish marrow function in patients with
damaged or defective marrow. Although a certain
amount of trace elements are supplied with plasma
infusions, malabsorption and an increased need for
bone marrow reconstitution may induce trace
element deficiency in some patients.(1) In
particular, zinc deficiency was shown to correlate
with mortality after HSCT.(2) Zn deficiency in
HSCT patients has attributed to low intake, TPN
administration, malabsorption and increased losses

Patients and Methods

Fifty-five adult patients with malignant and non-
malignant diseases who underwent allogeneic
HSCT in the Hematology- Oncology and Stem Cell

Transplantation Research Center at Shariati

from the gastrointestinal tract.(1, 3) It has been
indicated that Zn requirement is increased during
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Hospital in Tehran, Iran from May to December
2006 were prospectively evaluated for serum Zn,



Table 1. Patients’ characteristics
Median age (years)

26 (rang: 14-55)

Sex
Male 32 (58.2%)
Female 23 (41.8%)
Hematologic diseases
AML 19 (34.5%)
ALL 15 (27.3%)
CML 7 (12.7%)
AA 5(9.1%)
Lymphoma 5(9.1%)
Others 4 (7.3%)
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Figure 1. Trend of serum zinc, copper and alkaline
phosphatase changes at different time points during HSCT
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Figure 2. Percentage of patients with serum zinc deficiency
during HSCT. Normal range for males were 72-127 pg/dl
and for females were 70-114 pg/dl

Cu, and ALP activity at different time points:
pretransplant (-5) and 0, +5, +10, +30 days after
HSCT. The patients' characteristics are shown in
Table 1. All patients received a pretransplant
conditioning regimen including
busulphan/cyclophosphamide  (CY), CY/ATG,
CY/Fludarabine, CCNU/VP16/CY or melphalan,
and cytarabine/VP16/CY/melphalan. Graft versus
host disease (GVHD) prophylaxis consisting of
cyclosporine A and/or low dose methotrexate was
given to all patients. Methylprednisolone was given
to patients with uncontrolled GVHD.

Serum Zn levels were measured by the calorimetric
method (Zn 2341 Randox UK), serum Cu levels by
the spectrophotometry (Cecil UK, UV visible), and

serum ALP activity by Spectrophotometry method
(Covas-plus Roche). The laboratory reference was
70-124 pg/dl for serum Zn. Normal values for
serum Cu ranged between 70 and 155 pg/dl. The
reference value for serum ALP activity showed a
wide range between 64 and 306 U/L.

The study protocol was approved by our local ethics
committee. An informed consent was obtained from
all patients.

The data were summarized as mean and standard
deviation. The repeated measures analysis of
variance (ANOVA) was also used to evaluate
differences among micronutrient mean value levels
at different time points. Bonferroni correction was
performed for pair comparisons.

Results

The trend of changes in the serum levels of Zn, Cu,
and ALP in the pre- and post-transplant patients are
shown in Figure 1. The percentage of patients with
Zn deficiency at different time periods has also
been shown in Figure 2. Serum Zn levels were low
(mean: 92.41 pg/dl) at day +10 when compared to
pre-HSCT values (mean: 106.64 ng/dl) (P=0.06).
Serum Zn levels increased afterward and were
around baseline levels at day +30. Interestingly, all
four patients who were Zn deficient at day +10
post-transplant experienced severe GVHD whereas
only 21% of patients with normal Zn levels
experienced this complication. The trend of ALP
showed no significant changes (P=0.43) and there
was no correlation between Zn and ALP pre- and
pos-transplant periods. The trend of changes in
serum Cu levels also showed no significant changes
pre- and pos-transplant (P=0.63). All three patients
who were Cu deficient at day +20 post transplant
experienced severe mucositis, whereas 35% of
patients with normal Cu levels experienced this
problem.

Discussion

Zn affects several aspects of the immune system
and Zn deficiency can cause significant defects in
cellular immunity.(6) HSCT patients usually
experience deficiencies of all components of the
immune system.(7) Just a few studies have been
done to determine Zn levels in patients undergoing
HSCT.(1, 3, 8-10) One study showed a decrease in
plasma Zn levels in the early post transplant
period.(3) In the present study, the plasma serum
levels were lowest at day +10 in patients following
HSCT when compared to pre-HSCT levels. Even
though the numbers of patients is small in this
study, but interestingly  transplant-related
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complications appear to be more frequent among
patients with low plasma Zn levels. At day +10,
only 20% of patients with normal Zn levels had
acute gastrointestinal GVHD whereas at the same
time all the patients with low plasma Zn levels had
acute gastrointestinal GVHD. Patients with low
zinc levels have had more febrile episodes of longer
duration.(3) Conditioning regimens in HSCT
patients can destroy the skin and mucosa barriers
which may be exacerbated by Zn deficiency. Zn is
known to play an important role in wound healing.
Besides, Zn plays a key role in maintaining the
normal reproductive and intestinal biology and,
therefore, in alleviating long-term adverse effects in
HSCT patients.(5, 11) In one study that was
performed on pediatric HSCT patients, there had
been found a significant decrease in plasma Zn
levels during the immediate post-transplant period
when compared to pre-HSCT levels.(10) ALP as a
Zn metalloenzyme can be an early indicator of Zn
depletion.(3) In the present study, post-HSCT ALP
activity was relatively higher than the pre-HSCT
value. This could be attributed to GVHD, hepatitis
and drug induced hepatotoxicity in some patients.
Cu is another trace element that has been evaluated
in this study. It has been shown that serum Cu
levels negatively correlate with serum Zn
levels.(11) In the present study, no significant
changes in Cu levels were found during the HSCT
period. Interestingly, the time of engraftment for
only two patients who were Cu deficient pre-HSCT
was 16 days as compared to the patients with
normal Cu levels which was almost 13 days. This
can suggest that normal levels of Cu are necessary
for early engraftment, even though a larger
population study is needed to confirm this. In
another study, serum Cu levels showed no
significant changes during the HSCT period in
pediatric patients.(10)

Considering the complications of HSCT patients for
whom intensive chemotherapy agents, antibiotics,
and immunosuppressives are routinely used and
therefore suffer from toxicity, infections, bleeding,
and GVHD, evaluation of the Zn deficiency can be
difficult. The present study can suggest that Zn
deficiency in HSCT patients can be a risk factor for
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adverse events and maintenance of normal Zn
levels can be useful for the outcome of the HSCT
patients.
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