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Abstract The aim of our study was to investigate the
immunotoxicity of occupational cytostatic drug exposure,
and to assess the possible effect of confounding factors,
such as age and smoking. In this human study, the
immunotoxic effect of antineoplastic drugs was investigated
among 306 nurses working in oncology chemotherapy
units. Results were compared to 98 non-exposed women.
The immune status of the subjects was characterized by
immune phenotyping of peripheral blood lymphocytes by
flow cytometry, using monoclonal antibodies against
surface antigens (CD3, CD4, CD8, CD19, CD25, CD45,
CD56 and CD71). The killing ability of neutrophil
leukocytes was assessed by the measurement of reactive
oxygen intermediate production. Occupational exposure to
antineoplastic drugs caused shifts in the major lymphocyte
subpopulations, resulting in a statistically significant
increase in the ratio of B cells. Cytostatic drug exposure
also manifested itself in a decreased frequency of CD25
positive, activated T lymphocytes, and increased oxidative
burst of neutrophil granulocytes, both of which may have a
functional impact on the immune system of exposed subjects.

In the younger subjects exposure also caused a shift in T cell
subpopulations: a reduction in the cytotoxic T cell population
lead to an elevated Th/Tc ratio. In the exposed group, smoking
increased activation of T lymphocyte subpopulations. In
conclusion, we have demonstrated that low dose occupational
cytostatic drug exposure is immunotoxic, and age and
smoking modify the effect of exposure.
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Abbreviations
APC allophycocyanin
FITC fluorescein isothiocyanate
fMLP N-formyl-Met-Leu-Phe
IL-2R interleukin-2 receptor
PBS phosphate buffered saline
PE phycoerythrin
PerCP peridinin-chlorophyll-protein complex
PMA phorbol 12-myristate 13-acetate
ROI reactive oxygen intermediates

Introduction

Occupational exposure to cytostatic drugs is a major
hazard of healthcare personnel. In the last decades, a vast
number of antineoplastic drugs have been introduced to
the treatment of cancers. Different mixtures of cytostatic
drugs are used for chemotherapy of cancer patients, so
occupational exposure of oncology nurses is usually to
mixed compounds. Due to the long time of service of
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healthcare personnel, physicians and nurses can be
exposed to cytostatic drugs over a long period of time,
to low exposure levels with accidental peaks. Occupational
exposure to antineoplastic agents may occur in different ways:
by inhalation of airborne antineoplastic agents, absorption
through skin contact, human excreta handling, ingestion
during drug preparation and administration, and during
disposal of equipment [1–3].

Most cytostatic drugs have been classified as carcino-
genic to humans according to their mutagenic and DNA
damaging properties [4, 5]. Since many of the antineoplas-
tic drugs are genotoxic, biomarkers for detecting genotox-
icity have been used to monitor workers’ exposure to these
drugs, such as chromosomal aberrations, micronuclei, sister
chromatid exchange, and DNA damage. Several studies
have demonstrated a significant difference in these bio-
markers of antineoplastic drug exposed workers, compared
to control populations [6–8].

The effect of cytostatic drugs on immunological
parameters has been studied in a number of cases, in
patients receiving various antineoplastic drugs as treatment
for cancer. These studies indicate that each chemotherapy
regimen has a different effect on immunological parameters
[9–11]. The results of studies on patients, however, cannot
be extrapolated to occupational exposures. The concentration
of drugs, and routes of administration/exposure are different
between therapeutic and occupational exposures. Immuno-
toxicity monitoring of occupational cytostatic drug exposure
has been very scarce. In one study, occupational exposure to
chemotherapeutic antiblastic agents significantly increased
the circulating levels of interleukin-15 in 17 health care
workers compared to their age-matched controls [12].

In the year 2000, at the National Institute of Chemical
Safety, Hungary, we were among the first to introduce
the detection of immunotoxicological biomarkers besides
genotoxicological biomarkers to monitor workers occu-
pationally exposed to various toxic substances [13]. We
have shown that chemical exposure can alter the ratio of
lymphocyte subpopulations and may cause changes in the
activation of lymphocytes among oil-industry, health-service
and metallurgy workers [13, 14] and thus specific immuno-
logical markers can be used to assess exposure. In a previous
study our research group compared geno- and immunotox-
icological effect markers among nurses exposed to cyto-
statics [15]. The genotoxicologically affected (chromosome
aberration frequency > 4% and sister chromatid exchange
frequency >7.5 per mitosis) subjects showed an increase
in the frequency of helper T lymphocytes (Th), activated
(IL-2R positive) T and Th-cells, and transferrin receptor
positive B cells compared to genotoxically non-affected
subjects.

In the present study we have investigated the immuno-
toxicity of occupational cytostatic drug exposure in a
relatively large population of exposed subjects. Their data
were compared to healthy, non-exposed controls. Con-
founding factors i.e. age and smoking were taken into
account. Based on our previous experience, we have chosen
the ratio of lymphocyte subpopulations (T cells, helper T
cells, cytotoxic T cells, B lymphocytes and NK cells),
and the activation of lymphocytes, measured by CD25
(IL-2R) and CD71 (transferrin receptor) expression, to
assess the effect of occupational exposure [14]. The
ability of leukocytes to kill by oxygen-dependent mechanisms
was assessed by the measurement of reactive oxygen
intermediate production of neutrophils.

Materials and Methods

Subjects

Altogether 306 nurses handling cytostatic drugs were
investigated, from various oncology units. The cytostatic
drugs which were most frequently handled by the persons
involved in the study were: Cyclophosphamide, Cisplatin,
Methotrexate, Adriamycin, Vincristine, Fluorouracil,
Bleomycin, Etoposide and Mitomycine-C. Results were
compared to 98, occupationally not exposed healthy
controls, all women. All subjects were interviewed by a
physician to collect data on age, medication, smoking
and drinking habits, as well as medical and work
histories including exposure to known or suspected
toxicants, occupational history including duration of
exposure, and the use of protective devices during work.
Active smoker subjects were considered “Smokers”.
“Drinkers” consumed no more than 80 g pure alcohol
regularly (a liter of beer or equivalent). Heavy drinkers
were excluded. With the informed subjects’ written
permission, blood samples were collected by venipunc-
ture. The samples were processed for immunological
analysis and, to assess health status, for a routine clinical
check-up including haematology, liver and kidney function
tests.

Immune Phenotyping of Peripheral Blood Lymphocytes
(PBL) by Flow Cytometry

Heparinized whole blood was mixed and incubated at
room temperature for 20 min with the appropriate amount
of fluorescein isothiocyanate (FITC), phycoerythrin (PE),
peridinin-chlorophyll-protein complex (PerCP), or allophy-
cocyanin (APC) labelled monoclonal antibodies against

302 A. Biró et al.



surface antigens. The erythrocytes were removed by lysis
with the addition of FACS Lysing solution (Becton
Dickinson). After washing with phosphate buffered saline
(PBS, Sigma-Aldrich), samples were analyzed within 4 h
after labelling, or fixed with 2% paraformaldehyde. The
studied antigens were: CD3, CD4, CD8, CD19, CD25,
CD45, CD56 and CD71. The monoclonal antibodies
were purchased from Becton Dickinson. Three- and four-
color analysis was performed on a Becton Dickinson
FACSCalibur flow cytometer. The following monoclonal
antibody combinations were used: (1) CD25-FITC /
CD8-PE / CD3-PerCP / CD4-APC; (2) CD56-FITC /
CD3-PerCP / CD45-APC; and (3) CD71-FITC / CD3-
PerCP / CD19-APC. Standard forward and side scatter
gating combined with CD45 was used to separate
leukocyte populations and to set the lymphocyte gate.
The lymphocyte subpopulations (T lymphocytes, cyto-
toxic T lymphocytes, helper T lymphocytes, B and NK
cells) were determined as follows: CD3 was used as T
cell marker, helper T cells were characterized by CD3+/
CD4+ phenotype, cytotoxic T cells by CD3+/CD8+
phenotype, NK cells as CD3-/CD56+ phenotype and B
lymphocytes were characterized as CD19+ cells. Activation
of cells was estimated by measuring the percent of cells
expressing CD25 and CD71 activation antigens. Data for at
least 10000 leukocytes per sample were acquired, CellQuest
Pro Software (Becton Dickinson) was used for analysis.

Measurement of Oxidative Burst Activity of Neutrophil
Granulocytes

The measurement of oxidative burst was carried out from
heparinized blood samples, using the Bursttest (Phagoburst®)
kit (ORPEGEN Pharma, Heidelberg, Germany), which
utilizes the conversion of dihydrorhodamine 123 to rhoda-
mine 123 by reactive oxygen intermediates produced upon
stimulation of neutrophil granulocytes. The conversion of
dihydrorhodamine 123 to rhodamine 123 is proportional to
the production of reactive oxygen intermediates. The mean
fluorescence of rhodamine 123 correlates with oxidation
quantity per individual leukocyte. The test was performed
according to the instructions of the Phagoburst® kit.
Briefly, 100 μl heparinized whole blood was incubated
with 20μl of either opsonized E. coli (1×109 bacteria per ml),
phorbol 12-myristate 13-acetate (PMA) (8×10−6 M),
N-formyl-Met-Leu-Phe (fMLP) (5×10−6 M) or medium
(negative control) at 37oC in a water bath for 10 min.
20 μl of dihydrorhodamine 123 substrate was then added
and incubated at 37oC for further 10 min. The reaction was
stopped and erythrocytes were lysed by adding 2 ml lysing
solution, incubated at room temperature for 20 min and then

washed once with 3 ml washing solution. DNA staining was
performed by incubating samples with 200 μl of 40 μg/ml
propidium iodide at 0oC for 10 min. Cells were analysed on a
FACSCalibur (Becton Dickinson) flow cytometer. Data for
at least 15000 leukocytes per sample were acquired,
CellQuest Pro Software (Becton Dickinson) was used for
analysis. Standard forward and side scatter gating was used
to identify granulocytes, combined with live gating on
leukocyte DNA to exclude debris, bacteria and aggregates.

Statistical Analysis

Statistical differences between the studied groups were
analysed by Student’s t-test, p<0.05 was considered as
statistically significant.

Results

Subjects

The most important demographic data of the subjects (all
women) are listed in Table 1. The subjects’ average
duration of exposure to cytostatic drugs was 9.0±
0.5 years. The mean age of the exposed nurses (35.6±
0.6 years) was lower than the controls (39.3±1.3 years).
For analysis of confounding factors, namely age and
smoking, both groups were subdivided into two subgroups
according to age (≤ 35 years “young” and >35 years
“old”) or smoking habits (non-smokers versus active
smokers). In the latter subdivision ex-smokers were not
included in either group.

The General Effects of Cytostatic Drugs on Lymphocyte
Subpopulations and Activation Antigens

Major lymphocyte subpopulations (total T cells, helper
and cytotoxic T cells, B lymphocytes and NK cells) are
expressed as percentage of total lymphocytes (see
Table 2). The mean % ±SE are given for each group.
Phenotypes in activation antigen studies are expressed as
percentage of positive cells of the given lymphocyte
subpopulation e.g. CD25+/CD3+ denotes the percent of
CD25 positives among total T cells. The results of
activation marker studies are presented in Table 3.

The cytostatic exposed group had a significantly (p<
0.01) elevated B cell percentage (Table 2) and a decreased
frequency of CD25+/CD4+ T cells (Table 3) compared to
the non-exposed controls.

Cigarette smoke in itself causes exposure to more than
4000 chemicals, so to exclude the effect of smoking as a
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confounding factor, non-smoking exposed were compared to
non-smoking controls. Besides the changes observed above
(elevation of B cell frequency, decrease in CD25+/CD4+
cells), a reduction in CD25+/CD3+ and CD25+/CD8+
activated T cells, as well as a decrease in CD56+/CD3+ T
cells was apparent in non-smoking exposed compared to non-
smoking controls (Table 3).

The Effect of Cytostatic Drug Exposure on the Oxidative
Burst of Neutrophil Granulocytes

Using the Bursttest assay, the neutrophil granulocytes of the
cytostatic drug exposed group produced more reactive
oxygen intermediates (ROI) when stimulated by opsonized
E. coli or PMA than the controls, and more cells produced
an oxidative burst at the E. coli stimulus compared to the
controls (Table 4).

To exclude the effect of age as confounding factor, we
compared “young” (≤ 35 years) exposed to “young”
controls, and “old” exposed to “old” controls. The exposed

showed an elevation of ROI production to the E. coli
stimulus in both age groups (Table 4).

Comparing non-smoking exposed to non-smoking
controls to exclude the effect of smoking, the oxidative
burst of neutrophils showed the same changes as when
comparing the whole groups, namely an increase in ROI
production in the opsonized E. coli and PMA stimulated
samples, and a rise in the percent of neutrophils
producing oxidative burst in the E. coli treated samples
compared to control non-smokers (Table 4).

The Effect of Age on Immune-Toxicological Parameters

In the young subjects, namely when we comparing “young”
(≤ 35 years) exposed to “young” controls, we found an
increase in B cell percentage, and a decrease in CD25+/CD4+
T cells, similarly to the results found when comparing the
entire groups, but there was also a decrease in the cytotoxic T
cell population, leading to an elevated Th/Tc ratio (Table 2) in
the young exposed compared to young controls. Compared

Table 2 Lymphocyte subpopulations in cytostatic drug exposed and
control subjects expressed as percentage of lymphocytes. The mean % ±
SE are given for each group. p<0.05 was considered as statistically

significant by Student’s t-test. Bold characters indicate a significant
difference between corresponding exposed and control groups

Group n T cell T helper T cytotoxic Th/Tc B cell NK cell
CD3+ CD3+/CD4+ CD3+/CD8+ CD4/CD8 CD19+ CD56+/CD3-

Control 98 72.6±0.7 44.2±0.8 26.0±0.8 1.9±0.1 10.0±0.4 12.9±0.6

Exposed 306 72.5±0.4 45.1±0.4 24.8±0.4 2.0±0.0 11.6±0.2a 11.7±0.3

Control≤35 50 73.3±1.0 41.7±1.1 28.5±1.1 1.6±0.1 9.5±0.4 12.7±0.8

Exposed≤35 167 72.2±0.5 43.6±0.5 25.5±0.5b 1.8±0.0b 11.5±0.3b 11.9±0.5

Control >35 48 71.7±1.0 46.5±1.1b 24.0±1.2b 2.2±0.1b 10.5±0.7 13.3±1.0

Exposed >35 139 72.8±0.6 46.8±0.7c 24.0±0.6c 2.2±0.1c 11.6±0.3 11.6±0.5

Control non-smoker 65 72.7±0.8 44.1±1.0 25.1±0.5 2.0±0.1 9.5±0.5 13.7±0.9

Exposed non-smoker 145 71.9±0.6 43.8±0.6 24.4±0.6 1.9±0.1 10.9±0.3d 12.7±0.5

Control smoker 20 72.3±1.6 44.6±1.6 25.6±1.4 1.9±0.2 11.4±1.2 11.8±1.2

Exposed smoker 132 73.6±0.5e 46.7±0.6e 24.4±0.6 2.1±0.1e 12.2±0.4e 10.4±0.4e

a significant compared to control
b significant compared to control age≤35
c significant compared to exposed age≤35
d significant compared to control non-smokers
e significant compared to exposed non-smokers

Table 1 Main demographic data of the subjects

Groups n Mean age year ± SE Smokers a % Drinkers b % Mean duration of exposure year ± SE

Control 98 39.3±1.3 21.4 43.9 –

Exposed 306 35.6±0.6 43.1 45.4 9.0±0.5

a active smokers
b no more than 80 g pure alcohol regularly
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to “old” controls, the “old” exposed showed no significant
changes in the ratio of lymphocyte subpopulations or
activation antigen expressing cells.

The ratio of T cell subpopulations changed in both
exposed and controls when comparing “young” and “old”
groups: the percentage of T helper cells increased with age,
while the percentage of cytotoxic cells decreased, resulting
in the elevation of Th/Tc ratio regardless of exposure
(Table 2). Comparing the “young” exposed group to the
“old” exposed group, the percent of CD25+/CD3+ and

CD25+/CD4+ activated T cells increased significantly with
age (Table 3). There were no significant changes in the ratio
of activated T and B cells comparing age groups of the
controls. The oxidative burst of neutrophils did not show age
related changes (Table 4).

The Effect of Smoking on Immune-Toxicological Parameters

Several parameters changed when the results were compared
in smokers and non-smokers among the exposed subjects. A

Table 3 Lymphocyte activation in cytostatic drug exposed and
control subjects. Values are given as percentage ± SE of a given
subpopulation of lymphocytes. p<0.05 was considered as statistically

significant. Bold characters indicate a significant difference between
corresponding exposed and control groups

Group n CD25+/CD3+ CD25+/CD4+ CD25+/CD8+ CD56+/CD3+ CD71+/CD3+ CD71+/CD19+

Control 98 15.1±1.0 23.2±1.3 4.7±0.6 7.7±0.6 2.0±0.2 49.1±3.2

Exposed 306 13.8±0.6 19.9±0.8a 4.8±0.5 6.4±0.3 2.4±0.1 44.7±1.8

Control≤35 50 14.5±1.3 23.7±1.9 4.2±0.8 7.7±0.7 1.9±0.2 43.9±4.2

Exposed≤35 167 12.5±0.8 18.1±1.1b 4.7±0.7 6.4±0.4 2.4±0.2 43.6±2.6

Control >35 48 16.2±1.5 23.4±2.0 5.4±0.9 7.6±1.2 2.2±0.4 55.0±5.1

Exposed >35 139 15.4±0.9c 22.0±1.3c 4.9±0.5 6.5±0.4 2.4±0.2 45.9±2.6

Control non-smoker 65 17.3±1.2 26.4±1.6 5.6±0.8 8.7±0.9 2.4±0.3 53.0±3.8

Exposed non-smoker 145 12.1±0.8d 17.9±1.2d 3.7±0.4d 6.3±0.4d 2.1±0.2 44.3±2.7

Control smoker 20 11.4±1.8d 16.3±2.5d 2.8±1.0d 5.4±0.7d 1.1±0.1d 31.7±7.3d

Exposed smoker 132 14.8±0.9f 21.1±1.2 5.1±0.5e.f 6.3±0.5 2.5±0.2e 43.8±2.7

a significant compared to control
b significant compared to control age≤35
c significant compared to exposed age≤35
d significant compared to control non-smokers
e significant compared to control smokers
f significant compared to exposed non-smokers

Table 4 Oxidative burst in neutrophil granulocytes of cytostatic drug exposed and control subjects (production of ROI and percent of ROI
producing cells). Bold characters indicate a significant difference between corresponding exposed and control groups

Group n Mean fluorescence intensity % of ROI producing cells

Control fMLP E. coli PMA Control fMLP E. coli PMA

Control 44 6.5±0.9 9.4±1.0 242.3±19.9 844.8±66.9 1.7±0.2 4.7±0.8 80.7±3.2 98.5±0.3

Exposed 81 5.9±0.8 10.2±1.2 386.9±26.6a 1037.9±61.9a 1.6±0.3 4.7±0.5 88.1±1.6a 98.9±0.3

Control≤35 13 4.5±0.9 8.5±1.6 271.7±37.0 865.4±164.5 1.5±0.4 6.4±2.3 83.6±4.1 98.8±0.3

Exposed≤35 39 6.6±1.2 11.6±1.9 428.1±43.1b 1091.4±98.6 2.1±0.5 5.7±1.0 90.5±2.0 98.7±0.5

Control >35 29 7.1±1.3 9.3±1.2 208.1±19.7 815.2±69.5 1.7±0.3 3.9±0.5 78.8±4.4 98.5±0.4

Exposed >35 42 5.2±1.0 8.9±1.6 348.7±31.5c 991.1±78.1 1.2±0.1 3.7±0.4 85.8±2.3 99.2±0.2

Control non-smoker 31 6.4±1.1 9.1±1.1 211.3±20.0 828.1±64.2 1.7±0.2 4.3±0.5 79.0±3.8 99.0±0.3

Exposed non-smoker 41 5.5±1.1 9.4±1.7 405.0±35.6d 1067.0±92.9d 1.5±0.4 4.7±0.9 91.4±1.7d 98.8±0.4

a significant compared to control
b significant compared to control age≤35
c significant compared to control age>35
d significant compared to control non-smokers
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significant rise was detected in the blood leukocyte count
(p<0.001), the neutrophil count (p<0.001), and lymphocyte
count (p<0.001) of smokers compared to non-smokers. The
exposed smokers’ leukocyte count was 7.60 G/l±0.18, the
neutrophil count was 5.15 G/l±0.15, and the lymphocyte
count was 2.09 G/l±0.05, while the exposed non-smokers’
leukocyte count was 6.43 G/l±0.14, the neutrophil count
was 4.29 G/l±0.10, and the lymphocyte count was
1.81 G/l±0.04. We also found a shift in the lymphocyte
subpopulations: the ratio of T, Th and B cells increased,
while the ratio of NK cells decreased in exposed smokers
compared to exposed non-smokers (Table 2). The rise in
CD4+ Th cells lead to an elevation of the Th/Tc ratio.
There were also more CD25+/CD3+ and CD25+/CD8+
activated T cells in exposed smokers than in exposed non-
smokers (Table 3).

Comparing smokers and non-smokers of the control group,
a rise could be detected in the blood leukocyte count,
neutrophil count and lymphocyte count between non-
smokers and smokers, but this did not reach significance
(data not shown). No differences were found in the major
lymphocyte subpopulations (Table 2). The activation antigen
expressing cells however, showed a completely different
pattern of changes than in the exposed: the non-exposed,
control smokers had a decreased percentage of CD25+/CD3
+, CD25+/CD4+, CD25+/CD8+, CD71+/CD3+ and CD71+/
CD19+ activated phenotypes, and also a reduction in the
CD56+/CD3+ subset of T cells, compared to control non-
smokers (Table 3).

Discussion

In the present study we have shown that low level
occupational exposure to antineoplastic drugs caused shifts
in the major lymphocyte subpopulations, resulting in a
statistically significant increase in the ratio of B cells. In the
younger subjects exposure also caused a shift in T cell
subpopulations: a reduction in the cytotoxic T cell
population lead to an elevated Th/Tc ratio at the group
level. According to Mackall, cytotoxic antineoplastic
therapy induced immunodeficiency is primarily related to
T-cell depletion, with CD4 depletion generally more severe
than CD8 depletion [16]. B cells also sustain profound
depletion in the context of dose-intensive multiagent
chemotherapy [16]. In our studies on the other hand the
ratio of B cells increased, which is probably due to the
different route and concentration of cytostatic drug exposure.
NK cells, in contrast, appear to be relatively resistant both to
cytotoxic antineoplastic therapy [17] and, as in our case, low
dose occupational exposure.

In our study exposure to cytostatic drugs also caused a
decrease in CD25+/CD4+ activated helper T cells. Moreover,

when smoking as a confounding factor was eliminated, a
significant reduction in CD25 positive activated T cells was
detected, which affected not only the helper, but the cytotoxic
T cell population as well. CD25 is the α chain of the high
affinity IL-2 receptor (IL-2R) which is a heterotrimer
comprised of three chains, IL-2Rα (CD25), IL-2Rβ, and IL-
2Rγ [18, 19]. IL-2Rβ and IL-2Rγ are present constitutively
in resting lymphocytes [20, 21]. In contrast, IL-2Rα is
expressed on T cells following activation [22]. Interleukin-2
is crucial for the proper effector functions of conventional T
cells, such as cytokine production, growth and survival. IL-2
also plays a critical role in the development and function of
regulatory T cells. Accordingly, as reviewed by Lan et al.,
major IL-2 dysfunctions in both humans and mice are
associated with the development of autoimmunity as well as
immunodeficiencies, thus highlighting that the balance
between the IL-2 pro- and anti-inflammatory effects is
critical for an appropriate mounting and resolution of
immune responses [23]. A reduction of IL-2 receptors on T
cells of cytostatics exposed subjects therefore may have
detrimental effects on T cell function.

We observed age-related differences between younger
(≤ 35 years) and older (>35 years) study participants: in
the older group the percent of CD4+/CD3+ T cells
increased, causing an elevation in Th/Tc ratio irrespective
of exposure, i.e., both in the exposed and the control
population. These findings are in good accordance with a
previous study on a Hungarian population stating that the
proportion of CD4 positive T cells increase slightly with
aging, leading to a significantly positive trend with age
in Th/Tc ratio [24].

Although the changes in lymphocyte subpopulations
were similar, there were differences in the T cell activation
antigen expression between the exposed and control groups
according to age. Comparing the two age groups within the
exposed, we found more activated T cells (CD25-expressing
CD3+ total T cells, and CD25-expressing CD4+ helper T
cells) in the older population. Comparing age groups of the
controls, however, no significant changes in the ratio of
activated T and B cells could be found.

Many studies have been published on the impact of
smoking on immunological parameters. Most studies report
of an increased blood leukocyte count, stating that smokers
have higher counts of neutrophils, although counts of other
leukocytes are conflicting in the various studies [25–28].
We also detected an increase in total white blood cells,
including both neutrophils and lymphocytes, in smokers,
especially among cytostatic exposed smokers compared to
non-smokers. Studies investigating the influence of ciga-
rette smoking on different lymphocyte subsets have
produced conflicting data, even in recent studies using
flow cytometry based analysis. Some studies state that no
changes in B- or T-cell frequencies could be noted in

306 A. Biró et al.



connection with smoking [29] and absolute numbers and
percentages of circulating peripheral blood CD4+, CD8+
and CD19+ lymphocytes in smokers were not significantly
different compared to non-smoking individuals [30]. Other
studies found that smoking increased the number of CD4+
and CD3+ T lymphocytes [31]. In our study smoking did
not lead to significant changes in the main lymphocyte
populations in the control group. However, in the cytostatic
exposed group smoking caused a shift in all major
lymphocyte subpopulations: the percent of total T cells,
CD4 positive T cells and B cells increased, while that of
NK cells decreased, changes similar to the data of Schaberg
et al [28]. The CD4/CD8 ratio was elevated in smokers,
which is in good accordance with our previous results [13]
and the data of Tanigawa et al [32].

In the exposed group smoking lead to increased
activation of T lymphocytes, which reached significance
in the CD25+/CD3+ and CD25+/CD8+ phenotypes. In the
control group, as opposed to the exposed, smoking caused a
reduction in all activated phenotypes studied. It also a
caused a reduction in CD56+/CD3+ T cells, compared to
non-smokers, which is in good accordance with our
previous findings [13]. Thus, while smoking in the
cytostatic exposed group caused activation in T cells, in
the control group it caused the opposite: the percent of
activated phenotypes decreased. It is therefore important to
take smoking into account as a confounding factor when
assessing exposure to cytostatic drugs.

Neutrophils play a fundamental role in the acute
inflammatory response, destroying invading microbial
pathogens. The ability to generate reactive oxygen species
is essential for neutrophils to kill infectious microorganisms.
Bursttest allows the quantitative determination of leukocyte
oxidative burst, which is proportional to intracellular killing
by oxygen-dependent mechanisms. Using the Bursttest assay,
the neutrophil granulocytes of the cytostatic drug exposed
group produced more reactive oxygen species when stimu-
lated by opsonized E. coli or PMA than the controls, and more
cells produced an oxidative burst at the E. coli stimulus than
the controls. These results suggest that neutrophils are
“primed” by exposure, and therefore react more readily to
stimulation through Fc-receptors (opsonized E. coli), and
protein-kinase-C (PMA). Priming refers to a process whereby
the response of neutrophils to an activating stimulus is
potentiated by prior exposure to a priming agent. For instance,
exposure of these cells to various inflammatory mediators
(e.g., LPS, TNF-α, or GM-CSF) greatly enhances subsequent
agonist-induced respiratory burst activity and degranulation
responses [33]. In our case antineoplastic drugs may
somehow either directly, or through mediators, induce
priming of the cells. While priming improves the ability of
neutrophils to locate and kill invading microorganisms, it is
also implicated in neutrophil-mediated tissue injury both in

vitro and in vivo [34, 35]. Hence, the recruitment of large
numbers of such hyperresponsive cells at an inflammatory
focus may predispose to tissue injury and contribute to a
variety of neutrophil-mediated diseases, including acute
respiratory distress syndrome, rheumatoid arthritis, and
ischemia-reperfusion injury [36].

Occupational exposure to antineoplastic drugs may
cause alteration in the immune system, which can lead to
health disorders. Indeed, accounts have been reported of
various symptoms experienced by nurses handling chemo-
therapy, such as hair loss, irregular menstrual cycle, skin
and eye irritation [37–39]. In a previous paper we have
shown increased incidence of raised blood glucose level,
anemia, thyroid alterations, myoma and other benign
tumors in the cytostatic drug exposed nurses [15]. Interin-
dividual variability of immune parameters is high in human
populations, so a change in a single immune test in an
individual may not indicate increased susceptibility for
disease [40]. Nevertheless, even a subtle alteration in an
immunity biomarker in the whole population indicates
immunotoxicity [41]. In our study we have demonstrated
that immunotoxicity caused by occupational cytostatic drug
exposure manifests itself in the shift of major lymphocyte
subpopulations, the decreased activation of T lymphocytes
and the increased oxidative burst of neutrophil granulocytes,
and age and smoking status of the exposed must be taken into
account when assessing occupational exposures.
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