
Abstract. Background: Lymphocytopenia represents one of the
most evident side-effects of radiotherapy (RT), particularly in the
case of irradiation of pelvis, since it is the main location of bone-
marrow proliferating cells in adults. Because of the fundamental
role of lymphocytes in suppressing anticancer immunity, RT-
induced lymphocytopenia could negatively influence the
prognosis of cancer patients and the therapeutic efficacy of RT
itself. In experimental conditions, the biological toxicity of
irradiation appeared to be reduced by antioxidant agents, such
as pineal hormones melatonin. A preliminary study was
conducted to evaluate the influence of different immunobiological
strategies with pineal indoles melatonin (MLT), 5
methoxytriptamine (5-MTT) or low-dose IL-2, the lymphocyte
growth factor, on pelvic irradiation-induced lymphocytopenia in
cancer patients suffering from rectal cancer or uterine cervix
carcinoma. Patients and Methods: The study included 20
consecutive patients, who underwent pelvic irradiation for a total
dose of 50.4 Gy. The patients were randomized to be
concomitantly treated with MLT alone, with MLT plus 5-MTT or
with s.c. low-dose IL-2 . Results: RT induced a significant decline
in the mean number of lymphocytes while neither MLT alone,
nor MLT plus 5-MTT were able to significantly reduce this
decline. Conversely, IL-2 caused a statistically significant
reduction of the RT-induced effect, so that the mean number of
lymphocytes was significantly higher in patients concomitantly
treated by IL-2 than in the other groups. Conclusion: This
preliminary study showed that low-dose IL-2 was sufficient to
reduce, even though not to completely abrogate, RT-induced
lymphocytopenia. Further studies with different schedules and
doses of IL-2 will be required to optimize the protective effect of
IL-2 on irradiation-induced lymphocytopenia in humans.

Lymphocytopenia is one of the most unfavourable
prognostic biological markers in cancer patients, since
it has been proven to be associated with a poor
prognosis in terms of both survival time (1, 2) and
response to cancer chemotherapy (3) . Lymphocytopenia
may depend on cancer progression itself, or be induced
by the various anticancer therapies. In fact, antitumor
treatments, namely high-dose poly-chemotherapies (4)
and radiotherapy (5) , may determine an evident decline
in lymphocyte count. Moreover, among the various
radio-therapeutic strategies, pelvic irradiation represents
the most lymphocytopenic radiotherapy (6) , since in
adults actively proliferating bone-marrow is particularly
located in the pelvic region.

According to current knowledge, the main strategy to
enhance lymphocyte number consists of the administration
of the fundamental growth factor for lymphocytes,
interleukin-2 (IL-2) (7). Unfortunately, no clinical study has
been performed to evaluate the influence of IL-2 on
radiotherapy-induced lymphocyte decline.

It should be noted that lymphocyte proliferation is not
only regulated by the cytokine network, but it is also
modulated by the endocrine system, in particular, it was
shown that lymphocyte proliferation may be inhibited by
cortisol (8) and amplified by the pineal neuro-hormone
melatonin (MLT) (9), that appeared to stimulate the release
of IL-2 by T helper lymphocytes, which may express MLT
receptors (10). MLT, however, is not the only pineal neuro-
hormone to stimulate lymphocyte proliferation, at least one
other pineal indole, 5-methoxytryptamine (5-MTT), possibly
exerting immuno-modulating effects (11).

Finally, other neuroactive substances, namely the
endocannabinod agents such as anandamide (12), may have
immunostimulating actions on several immune functions,
including the anticancer immunity. Moreover, in addition to
their well-documented immuno-stimulatory effects, both
MLT (13) and 5-MTT (14) have appeared to play an evident
antioxidant activity and to protect against irradiation toxicity
on bone-marrow cell proliferation. In particular, high-dose
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MLT was proven to prevent radiation-induced lymphocyte
damage by enhancing DNA-repairing mechanisms (15).

Such neuroimmunobiological knowledge suggests several
potential biological strategies to prevent the irradiation-induced
decline in lymphocyte count and, in particular, to counteract
the negative influence of RT on lymphocyte number and
activity in cancer patients. The present preliminary study was
performed to evaluate the influence of biological strategies with
MLT, 5-MTT or low-dose IL-2 on lymphocyte number in
cancer patients undergoing pelvic radiotherapy.

Patients and Methods
The study included 20 consecutive cancer patients, who underwent
pelvic irradiation for rectal cancer or uterine cervix carcinoma. The
clinical characteristics of thosepatients are reported in Table I.

They were randomized to receive MLT alone, MLT plus 5-MTT or
s.c. low-dose IL-2. The eligibility criteria were: histologically-proven
locally-limited uterine cervix carcinoma or rectal carcinoma,
measurable lesions, no previous chemotherapy or radiotherapy and no
concomitant treatments with steroid or other immuno-modulating
agents. The experimental protocol was explained to each patient and
written consent was obtained. The control group comprised 40 age- and
sex-matched cancer patients affected by the same tumor histotypes.

In both groups of patients, radiotherapy consisted of 1.8 Gy daily
fraction, for 5 days/week for 5 consecutive weeks, for a total dose of
50.4 Gy. MLT was given orally at 20 mg/day in the evening.

5-MTT was also given orally at 1 mg/day in the afternoon. Both
pineal hormones were given every day until the end of RT, starting 7
days before the onset of RT, as an induction phase. IL-2 was injected
s.c. at a dose of 3 MIU/ day for 5 consecutive days until the end of
treatment, starting 7 days prior to RT, as an induction phase.

To evaluate the lymphocyte count, venous blood samples were
collected in the morning after an overnight fast, before the onset of
RT and at weekly intervals until the end of treatment. The absolute
number of circulating lymphocytes was evaluated for each blood
sample. Moreover, because of their importance in anticancer
immunity (7), T-helper lymphocytes (CD4) were also measured by
a flow cytometric assay and monoclonal antibodies supplied by
Becton-Dickinson (Genova, Italy).

The data were reported as mean ± SE and statistically evaluated
by the Student’s t-test, the Chi-square test and the analysis of
variance, as appropriate.

Results

The changes in total lymphocyte and CD4 cell mean
numbers observed in the control group of patients with
uterine cervix or rectal carcinomas are illustrated in Figure 1,
while those found in control patients and in patients treated
by the different immunobiological strategies for total
lymphocytes and T-helper lymphocytes are illustrated in
Figures 2 and 3, respectively.

As shown in Figure 1, the mean number of both total
lymphocytes and CD4+ observed on pelvic irradiation were
significantly lower with respect to the pre-treatment values
during the whole period of RT, both in patients with uterine
cervix carcinoma and in those with rectal adenocarcinoma.

As reported in more detail in Table II, a lymphocyte count
greater than 1000/mm3 at the end of RT was observed in
only 1/40 (3% ) patients of the control group, in none of the
MLT or MLT plus 5-MTT treated patients, and in 5/6 (83% )
patients treated with low-dose IL-2.

The percent of patients with a lymphocyte count greater
than 1000/mm3 at the end of RT observed in the group
concomitantly treated with IL-2 was significantly higher than
that found in the other groups (p<0.001).

In addition, as shown in Table III, the mean percent of
decline in total lymphocyte mean count observed in patients
treated with IL-2 was significantly lower compared to other
groups of cancer patients.

Moreover, as illustrated in Figure 2, the mean lymphocyte
counts in patients concomitantly treated with low-dose IL-2
was significantly higher than in the other groups during the
whole period of pelvic irradiation, even though they had
significantly decreased with respect to the pre-treatment count.

Finally, as illustrated in Figure 3, a significant decrease
in the mean number of CD4+-cells during pelvic irradiation
occurred in control patients, and in those treated with MLT
or MLT plus 5-MTT. On the contrary, the CD4+-cell mean
number also decreased in patients concomitantly treated
with low-dose IL-2, however without statistical significance
with respect to the values found prior to radiotherapy. No

in vivo 22: 397-400 (2008)

398

Table I. Clinical characteristics of cancer patients undergoing pelvic
irradiation.

Characteristics Controls MLT MLT + IL-2
5-MTT

N40 8 6 6
M/F 11/29 3/5 1/5 2/4
Median age(years) 57 (32-72) 56(38-71) 58 (42-68) 59 (39-73)
Tumor histiotype
Cervical carcinoma 22 5 4 2
Rectal carcinoma 18 3 2 4

MLT=melatonin; 5-MTT=5-methoxytryptamine; IL-2= interleukin-2.

Table II. Percent of patients with lymphocyte count greater than
1000/mm3 at the end of pelvic irradiation (50.4 Gy).

Patients + Percent

Controls 1/40 (3% )
Uterine cervix 0/22
Rectal carcinoma 1/18 (6% )
MLT 0/8
MLT + 5-MTT 0/6
IL-2 5/6 (83% )*

*p<0.001 vs. Controls. MLT=melatonin; 5-MTT= 5-methoxytryptamine;
IL-2= interleukin-2.



important IL-2-related toxicity occurred, since the only
side-effects were fever and asthenia during the first
days of injection and, in particular, no IL-2-related
thrombocytopenia or anemia occurred.

Discussion

Among the variety of biological strategies investigated in
the present preliminary study attempting to prevent
irradiation-induced lymphocytopenia, low-dose IL-2
immunotherapy proved to be the only approach able to
reduce, even though not completely abrogate, RT-related
declines in total lymphocyte count, as well as the CD4-
subset, which plays a fundamental role in antitumor
immunity by releasing IL-2 itself (7). No one biological
strategy was effective in preventing RT-induced
lymphocytopenia, including the administration of the
pineal hormones MLT and 5-MTT. This failure is not
surprising, since the pineal hormones were proven to
prevent irradiation-induced lymphocyte damage in
experimental conditions only at very high pharmacological
doses (15), >30 times the pharmacological dosage utilized
in the present study. Therefore, further studies with higher
doses of MLT and 5-MTT will be required before
excluding the potential efficacy of the pineal hormones in
preventing RT-induced lymphocytopenia in humans, wich
has been observed under experimental conditions in
animals (15).

Moreover, as previously demonstrated in patients with
metastatic disease (16), the pineal hormones have been
proven to enhance the antitumor efficacy of IL-2 and amplify
IL-2-induced lymphocytosis. Therefore, they could be
utilized in association with low-dose IL-2 to potentiate the
IL-2-related prevention of lymphocyte decline determined by
ionizing irradiation.

In the same way, the efficacy of IL-2 to prevent radiotherapy-
induced lymphocytopenia is not surprising, since IL-2 is the
physiological growth factor for lymphocytes (7). Moreover, in
addition to the direct stimulatory effect of IL-2 on lymphocyte
proliferation and differentiation, should be considered the
potential role of tumor necrosis factor-alpha (TNF) released in
response to IL-2 (17), since TNF has been proven to exert a
radio-protective action on normal cells and a radio sensitizing
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Figure 1. Changes in the mean numbers of total lymphocytes and T helper
lymphocytes (CD4) under pelvic irradiation in rectal cancer and uterine
cervcal carcinoma patients treated with radiotherapy alone (50.4 Gy).

Table III. mean decline in lymphocyte number in cancer patients treated
with radiotherapy (RT) alone as controls, RT+ melatonin(MLT), RT +
Mlt + 5-methoxytryptaniine (5-MTT) or RT + interleukin-2 (IL-2).

Patients Percent of decline (X±SE)

Controls 75±4%
Rectal cancer 76±6%
Cervical cancer 73±5%
MLT 69±6%
MLT+5-MTT 65±8%
IL-2 36±5% *

*p<0.001 vs. Controls; p<0.025 vs. MLT; p<0.05 vs. MLT + 5-MTT.

Figure 2. Changes in the mean number of total lymphocytes in cancer
patients treated with pelvic radiotherapy (RT) alone as a control group, or
with RT plus melatonin (MLT), RT plus MLT plus 5-methoxytryptamine
(5-MTT) or RT plus low-dose interleukin-2 (IL-2).



effect on cancer cells. Therefore, IL-2-prevention of irradiation-
induced lymphocytopenia could be mediated, at least in part, by
TNF produced in response to IL-2 itself.

Moreover, this study would suggest that the radio-
protective action of IL-2 is particularly evident for T-helper
lymphocytes, whose decline was less pronounced with
respect to total lymphocytes.

As the lymphocyte count still decline under radiotherapy
plus IL-2, lymphocyte subsets other than CD4 appear to be
of less relevance in the generation of anticancer immunity in
comparison to the fundamental role played by T-helper
lymphocytes. The importance of CD4+-cells in the prognosis
of cancer patients was suggested by recent evidence of poor
prognosis in advanced cancer patients with CD4
lymphocytopenia (18). Therefore, further studies in a greater
number of patients, which analyze both the number and
function of the different lymphocyte subpopulations, will be
required to confirm and to better understood the protective
action of IL-2 on irradiation-induced lymphocytopenia, which
could have important clinical and military implications.

From a clinical oncological point of view, because of the
well-documented negative prognostic significance of
lymphocytopenia in cancer patients (1-3), the prevention of
irradiation-induced lymphocyte decline by low-dose IL-2 could
enhance the anticancer therapeutic effects of radiotherapy itself.
On the other hand, it is known that dramatic lymphocyte
damage is one of the main causes of ionizing radiation-induced
death (15, 19). From a wide-view point , IL-2 could protect

against lymphocyte damage during radio therapy for cancer
treatment, but more generally from other irradiations, including
that from atomic explosions, as an extreme example.
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Figure 3. T-helper lymphocyte (CD4) mean number observed before and
after pelvic radiotherapy alone or in association with melatonin(MLT),
MLT plus 5-methoxytryptamine (5-MTT) ,or interleukin-2 (IL-2).


