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Abstract

Purpose : The per cent apoptotic activity in lymphocytes from pre-treated cervical cancer
patients was cross-sectionally compared with post-treated patients at 1 month, 3 months, 1 year, and
5 years after completing the standard radiation therapeutic regimen. In addition, the differences in the
per cent apoptotic activities among various stages of cervical cancer were simultaneously analyzed.

Material and Method : Blood samples were collected from five patients in each stage of
cervical cancer before treatment, and at 1 month, 3 months, 1 year, and 5 years after completing the
radiation therapy. The control samples were collected from healthy and aged-match female blood
donors. The lymphocytes were separated and exposed to 0.5 Gy Co irradiation to induce apoptosis.
The apoptotic cells were detected by in situ terminal deoxynucleotidyl transferase (TdT assay) and
counted under a fluorescent microscope. Both the apoptotic index and per cent apoptotic activity were
calculated.

Results : The per cent apoptotic activities in lymphocytes from all pre-treated patients with
stage II and III cervical cancer were significantly lower than the controls (p = 0.001). The apoptotic
activity in normal control, however, was not significantly different from the pre-treated stage I cervical
cancer group. Following radiation therapy, the apoptotic activities at 1 month, 3 month and 1 year
were increased in all stages. The per cent apoptotic activity, in all stages of cervical cancer at 5 years
after treatment, was statistically higher than that of the pre-treated groups.

Conclusion : There was a decrease of per cent apoptotic activity in lymphocytes from all
pre-treated cervical cancer patients in the present study, the change of which was reversed to normal
after treatment in non-recurrent cases.

Key weord : Apoptosis, Lymphocyte Apoptotic Activity, Cervical Cancer, Radiation Therapy for
Cervical Cancer
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Apoptosts, or programmed cell death, is an
active model of cell death that is essential to many
biologic processes and functions. Apoptosis was
shown to occur in various tumors and normal tissues
under physiologic conditions as well as in response to
ionizing radiation, ultraviolet irradiation, mild hyper-
thermia, hormone ablation, and certain chemothera-
peutic agents(1,2). In multicellular organisms, homeo-
stasis is normally maintained through a balance be-
tween cell proliferation and cell death. Recent evi-
dence, however, suggests that the failure of cells
to undergo apoptosis might involve pathogenesis of
a variety of human diseases, including cancer, auto-
immune diseases, and viral infections. Moreover, a
large number of diseases characterized by cell loss,
including neurodegenerative disorders, AIDS (Ac-
quired Immune Deficiency Syndrome), and osteo-
porosis may result from accelerated rates of physio-
logical cell death(3.4). Carcinoma of the cervix is so
far the most common cancer found in women world-
wide(3); and radiation therapy (RT) is one of the
cornerstone treatments of the disease. It is accepted
that apoptosis is an important process, induced by
radiation(2.6), With low dose irradiation, a lympho-
cyte can be induced to undergo apoptosis, which can
be detected by in situ terminal deoxynucleotidyl
transferase assay (TdT assay), a rapid and sensitive
test for the detection of apoptotic cells(7,8). Further-
more, the process of apoptosis in many cell types
is short-lived, however, the lymphocytes in the cell
culture display arrested apoptosis after radiation expo-
sure. The cells remain in the state for many days, and
the accumulation of apoptotic cells leads to large
signal-to-noise ratios(9). In this cross-sectional study,
the authors investigated radiation-induced apoptosis
of lymphocytes from patients with stage I-III cervical
cancer at various time intervals, while lymphocytes
from age-matched female blood donors were used as
controls.

MATERIAL AND METHOD
Patients and control group

Blood samples were collected from cervical
cancer patients before the radiation therapy, timed at
| month, 3 months, 1 year, and S years after com-
pleting the treatment. Before taking the first blood
sample, each patient was fully informed both verbally
and in a written document about the research project
approved by the Ethics Committee, Faculty of Medi-
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cine, Chulalongkorn University. Written informed con-
sent was signed by each patient before venepuncture.
All the blood samples were collected under informed
consent. The cervical cancer patients received radia-
tion therapy at King Chulalongkorn Memorial Hos-
pital, Bangkok, Thailand, from 1999 to 2000. The
radiation regimen was composed of external beam
therapy, and high-dose rate intracavitary irradiation.
External whole pelvis irradiation was performed with
anteroposterior and posteroanterior parallel-opposed
portals. The doses were 2 Gy per fraction, and the
treatment was given five times per week; the total
dose was 75 Gy per patient. The ages of the patients
ranged from 29 to 72 years (mean = 53.3 % 10.51
years). The control blood samples were collected from
healthy female blood donors at the National Blood
Bank, the Thai Red Cross Society, with their ages
matched to each group of pre-treated patients. Their
ages ranged from 21 to 59 years (mean = 39.8 + 10.61
years).

Cell culture and irradiation

Twenty milliliters of heparinized whole blood
from each donor were layered onto Histopaque-1077,
to separate the mononuclear lymphocytes(7). The
lymphocytes were washed twice in Hank’s Balanced
Salt Solution, and supplemented with 1 per cent fetal
bovine serum, at room temperature. The lymphocytes
were then cultured at 4x105 cell/ml in RPMI 1640
medium containing 5.2 per cent fetal bovine serum,
0.5 per cent L-Glutamine, and 0.024 per cent Genta-
mycin. The cell cultures in T25 culture flask (10 ml)
were then equilibrated to 37°C for approximately 30
minutes prior to irradiation. The cuiture flasks were
then separated into two groups: the control group (non
irradiation) and the irradiation group which was irra-
diated by 0.5 Gy of Cobalt-gamma ray(7). Both groups
were incubated in CO, incubator at 37°C, 97 per cent
humidity, and 0.35 per cent CO5. The lymphocytes
were harvested at 24 and 48 hours after irradiation.

Detection of apoptotic cell using in situ terminal
deoxynucleotidyl transferase labeling (TdT assay)

TdT assay was performed to access DNA
fragmentation associated with apoptosis in lympho-
cytes using commercial detection kit (Apoptag Kit,
Intergen. NY). The lymphocytes samples were dropped
onto a clean slide, before the slides were allowed to
air dry, and then fixed in absolute ethanol overnight
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at -20°C. The slides were washed in PBS for 5 minutes
at room temperature 3 times and then incubated with
Apoptag equilibration buffer for 5 minutes prior to
being incubated with terminal deoxynucleotidy! trans-
ferase (TdT) enzyme linkage of dUTP-digoxigenin
to 3’-OH DNA ending at 37 C for 60 minutes. The
reaction was then stopped in a stop/wash buffer at
37°C, for 30 minutes. After rinsing with PBS for 5
minutes, 3 times, the slides were then counter-stained
with anti-digoxigenin-fluorescein for 30 minutes at
room temperature in a dark room. Then, the slides
were washed again with PBS for another 5 minutes,
3 times, and developed with DAPI-antifade solution.

A positive control slide was prepared by
incubating the normal lymphocytes with DNase I, to
induce DNA fragmentation. A negative control slide
was obtained by omitting TdT enzyme from the label-
ing mix.

DAPI stained nuclei and fluorescein labeled
apoptotic nuclei were scored using a fluorescent
microscope equipped with a blue filter. Values for the
TdT assay were expressed as "% Apoptosis”, repre-
senting the number of apoptotic cells (%) in each
sample, and designated as "Apoptotic index". The
"Per cent Apoptotic Activity" was obtained by sub-
tracting the spontaneous apoptotic cell (non irradia-
tion) of the same sample from Apoptotic index(7).

Statistical analysis

Comparison between the per cent apoptotic
activity of lymphocytes taken from pre-treated patients
at various stages of cervical cancer and the controls,
was analyzed by unpaired z-test. Comparison of the
per cent apoptotic activity of the patients at various
time intervals of the treatment was analyzed by one
way Analysis of Variance (ANOVA), from the Statis-
tical Packages for the Social (SPSS) program. A sig-
nificant level of p = 0.05 was applied throughout.

RESULTS
1. The TdT assay of apoptotic cells

The DAPI stained lymphocytes were seen
as a filled circle in blue under a fluorescent micro-
scope. With a blue filter, only the fluorescein labeled
apoptotic cells (light green color) appeared. The
apoptotic bodies could be seen within the apoptotic
cell.

To obtain reliable results, a quality control
check was performed once a month by counting the
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number of apoptotic cells on the positive control slide.
The mean of % OCV (% Optimal Condition Variance)
was 5.21 + 1.47 per cent (ranged 4.27-8.97%).

2. Per cent apoptotic activity at various time inter-
vals within each stage of cervical cancer

The per cent apoptotic activity of stage I
cervical cancer was detected in the lymphocytes at
24 hours (Fig. 1A) after the induction by low dose
radiation. The results indicated that the per cent
apoptotic activity of pre-treated patients was lower
than the control group but had no statistical signifi-
cance (p = 0.116). When the per cent apoptotic acti-
vity of pre-treated patients was compared with the
post-treated patients at various time intervals, the data
showed an increase at 1 month and 3 months, then
slightly dropped at 1 year (Fig. 1A and 1B). The per
cent apoptotic activity was increased after radiation
treatment regimen. There was no significant diffe-
rence between the 5 year post-treated group and the
control group (p = 0.713). The resuits of the per cent
apoptotic activity in lymphocytes at 48 hours (Fig.
1B), after the induction by low dose radiation, demon-
strated a similar pattern as the above 24 hours data.
The changes in per cent apoptotic activity of stage II
(Fig. 1C) and stage III (Fig. 1D), had similar patterns,
as found in stage 1. Although the changed pattern
of all the 3 stages were quite similar, the per cent
apoptotic activity from the 5 year post-treated group
of Stage Il cervical cancer patients were statistically
higher than the pre-treated group (p = 0.007, Table
1). Similarly, the 5 year post-treated Stage III group
gave a significantly higher percentage of apoptotic
activity than the pre-treated group (p = 0.000). The
pre-treated group demonstrated a significantly lower
per cent of apoptotic activity than the normal age-
matched female blood donors (p = 0.000). Although
the result of the 5 year post-treated group showed an
increment, it was still significantly lower than the
control group (p = 0.015, Table 1).

3. Per cent Apoptotic activity at various time inter-
vals, compared between stage I, II and III cervical
cancer

The mean of per cent apoptotic activity in
lymphocytes within the same time interval of Stage
I, 11 and IH cervical cancer patients was compared.
The data were analyzed by unpaired ¢-test, the p-value
of 0.05 or lower was considered statistically signifi-
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cant. The comparison of the mean per cent apoptotic
activity in lymphocytes between Stage I and Stage II
of cervical cancer patients, demonstrated no statis-
tical significance in the pre-treatment period, and at
intervals of 1 month, 3 months, 1 year and 5 years
post-treatment. Also no statistically significant diffe-
rence was observed when comparing Stage Il and
Stage 1II, at similar time intervals (Table 2). There
were statistically significant differences when com-
paring the mean per cent apoptotic activity in lympho-
cytes with Stage I to Stage III cervical cancer, at pre-
treatment period and post-treatment intervals of 1
month and 3 months. The overall results in the pre-
sent study indicated that the mean per cent apoptotic
activity in lymphocytes taken from patients with early
stage cervical cancer was higher than those of later
stages. Pre-treatment of lymphocyte apoptotic acti-
vity was also lower than the activity found after com-
pletion of radiation therapy.

The per cent apoptotic activity of lympho-
cytes in the present study was standardized by expo-
sure to 0.5 Gy Co-60 irradiation(7), and incubated for
48 hours before the TdT assay. The per cent apoptotic
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activity of each sample was the net result of the
subtraction of the non Co irradiated per cent apoptotic
index from the total per cent apoptotic index of its
Co irradiated lymphocytes. The non Co irradiated per
cent apoptotic index was the spontaneous or back-
ground lymphocyte apoptotic activity of an indivi-
dual person. Comparison of the per cent apoptotic
index in lymphocytes from various time intgrvals of
all 3 stages was analyzed. The per cent apoptotic
index of lymphocytes taken from Stage I, cervical
cancer patients was lower than the age-matched con-
trols, and it increased at 1 month, 3 months, 1 year
and 5 years after completing the radiation therapy, but
had no statistical significance (Fig. 2). The changes
of the per cent apoptotic index of lymphocytes, from
Stage I1 and Stage III cervical cancer patients exhibited
the same pattern as in Stage I.

DISCUSSION

Lymphocyte is a nuclear hematocyte that
can be induced by a low dose of radiation to undergo
apoptosis. In the present study, lymphocytes were
induced by 0.5 Gy of Co radiation that could cause

Table 1. The mean of per cent apoptotic activities of lymphocytes from cervical cancer patients of Stage I,
Stage II and Stage III are presented. The apoptotic cells were detected by TdT assay at 48 hours
after 0.5 Co irradiation and subtracted from individual non-irradiated control. The data is
expressed as X + SD.

Stage Control Pretreatment Post-treatment

1 month 3 months 1 year S years

I 20.23 +7.86 13.86 +4.79 1422 +4.76 14,02 +3.84 11.45+1.74 17.31 +4.99

I 20.42 +4.37 10.17 £ 1.932 10.09 + 2.00 12.95+3.96 10.66 + 1.82 15.44 + 3.40b

m 17.68 + 2.63 9.20 + 1.38¢ 9.16 + 1.48 9.15+2.42 10.89 +0.78 13.89 + 0.78d. €

a The pretreatment group Stage II was significantly lower than the matched control (p = 0.001).

b The pretreatment group Stage II was significantly lower than the 5 year post-treatment group (p = 0.007).
¢ The pretreatment group Stage III was significantly lower than the matched control (p = 0.000).

d The 5 year post-treatment group Stage III was significantly lower than the matched control (p = 0.015).

e The 5 year post-treatment group Stage III was significantly lower than the pretreatment group (p = 0.000).

Table 2. Comparing the means of per cent apoptotic activities among Stage I, Stage Il and
Stage III cervical cancer patients analyzed by unpaired t-test. P-value with signifi-
cance at 0.05 is marked with an asterisk (*).

Comparison Pre-treatment Post-treatment

1 month 3 months 1 year 5 years

Stage I versus Stage 1 0.083 0.057 0.635 0.428 0.417

Stage I versus Stage II1 0.034* 0.024* 0.047* 0.572 0.150

Stage Il versus Stage III 0.628 0.644 0.109 0.815 0.499
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Fig. 2. Percentage of apoptosis indexes in lymphocytes among cervical cancer Stage I, II and III at various

time intervals are presented as mean + SD. TdT assay was analyzed at 48 hours incubation without
0.5 Co irradiation which represents the spontaneous apoptosis or background controls.

damage to their DNA, after the exposure to the ioni-
zing radiation. The damage resulted in fragmentation
of DNA within the cells undergoing apoptosis(7-11),
There are, however, many methods used for the detec-
tion of cell apoptosis. Some investigators prefer to
use morphologic criteria(12,13), while others employ
methods to detect changes in the integrity of DNA
through pulsed-field gel electrophoresis(13-15) or
TdT assay(7,13,14,16)_There is strong evidence that
DNA fragmentation can be detected by the labeling
of apoptotic nuclei using the TdT assay which is a
rapid, sensitive, and accurate method(7,13.14,17),
Many studies have shown that apoptosis in lympho-
cytes requires many hours to develop. As for the
incubation time needed for apoptosis to be best
detected, studies suggest that 48 hours post-irradia-
tion induction gives a high per cent of apoptotic cells,
and a significance of apoptotic yield(7,9.18). These
results agree with the present study. The means of
per cent apoptotic activity at 48 hours post low dose
irradiation in all stages and at every time interval
were greater than the means at 24 hours. Besides, the
means of the 3 control groups at 48 hours were also
greater than that at 24 hours.

Concerning the sensitivity of different cell
types to low dose radiation induction which might
affect the authors’ model of study. There were studies

which demonstrated that different cell types i.e.,
lymphocytes, skin cell(11), and fibroblast(19) taken
from the same individual possess the same level of
radiosensitivity. Boreham et al(7) postulated that
the apoptotic response to low dose radiation of peri-
pheral lymphocytes might be used as a biological
dosimeter in each individual. Apoptosis in most cell
types was short-lived, however, the lvmphocytes in
cell culture displayed an arrested apoptosis after radia-
tion exposure(20). The cells remained in this state for
many days and therefore the apoptotic cells accu-
mulated. However, it has been reported that approxi-
mately 0.3 + 0.2 per cent of the lymphocytes exhibited
apoptotic change immediately after the isolation pro-
cess(7). Another report(21) demonstrated that 8 per
cent of lymphocytes in the cell culture would undergo
spontaneous apoptosis. In order to obtain actual
apoptotic changes in the present study, the authors
double duplicated the lymphocyte cultures of each
sample. One of the duplicates was irradiated with
low dose irradiation, the other duplicate, without irra-
diation, was analyzed and counted for spontaneous
apoptotic changes or the background. All the results
presented in the present study are the actual apopto-
tic activities, since the background or spontaneous
apoptotic changes were subtracted. Besides, the aging
process might also decrease apoptotic activity in
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normal individuals. Since there was no normal data
of apoptotic activity in Thai women to be used as a
reference, the authors tried to match the age of the
blood donor controls as close as possible to that of
the cervical cancer patients of each stage. In the
present study, the mean of per cent apoptotic activity
in 15 healthy Thai women was 14.93 per cent (range
9.8% - 22.85%) and 19.44 per cent (range 14.4% -
29.80%) detected respectively at 24 hours and 48
hours after incubation.

The results from the present study, a com-
parison of the per cent apoptotic activity in lympho-
cytes taken from cervical cancer stage I, II, and III,
at various time intervals, demonstrated that there was
change in the apoptotic activity. The per cent apopto-
tic activity in the pre-treatment group of all 3 stages
was lower than the controls with or without statis-
tical significance. The phenomenon may be explained
via a proposal that apoptosis may be considered as
a carcinogenesis opposition, since, dead cells cannot
turn into tumor cells. If by any reason, this defensive
mechanism was disrupted, then, the body would be
prone to carcinogenesis. However, there might be
more than one defense mechanism and so the mecha-
nism of carcinogenesis. This hypothesis may not be
applicable to all. In the case of later stage carcinoma,
where there is a spread of tumor cells or metasta-
sis, the apoptotic change can be explained via other
rationale. Zaghloul et al(22) proposed that, in the case
of metastasis, tumor angiogenesis may contribute to
a reduction of apoptosis activity. The ability of tumor
cells to undergo apoptosis can either be enhanced or
inhibited by neovascularization. The results from
the present study, however, show that the per cent
apoptotic activity in the pre-treatment groups of cervi-
cal cancer Stage II, III were significantly lower than
the controls. As such, metastasis in cervical cancer
possibly inhibits apoptosis(23). The process might
contribute to another proposal that, the apoptotic acti-
vity might be applied as a parameter to detect recur-
rent cervical cancer in long-term follow-up. More-
over, the present results showed that in spontaneous
apoptosis in lymphocytes, spontaneous apoptosis in
pre-treated groups was lower than the control groups
without statistical significance in all stages. After
radiation therapy, spontaneous apoptosis in the patients
was increased. Wheeler et al(24) reported that cervi-
cal cancer patients with a high level of apoptosis
had a better prognosis. Therefore, high spontaneous
apoptosis might be a useful predictor of response to
radiation therapy in cervical cancer.
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The per cent of apoptotic activity in the post-
treatment groups of all 3 stages showed an increase
with longer intervals after the completion of radiation
therapy. Nevertheless, at one year interval, the per
cent of apoptotic activity in lymphocytes of all 3
stages of cervical cancer decreased again. Most of
the patients did not exhibit any recurrent symptoms.
Their common complaints included, constipation, and
slight edema of the lower limbs. Literature reviews
did not yield any satisfactory answers to this pheno-
menon. It might be possible that, after exposure to
high dose radiation during the treatment period, most
of the radiation sensitive tissues, including the tumor,
were destroyed. The more peripheral cells and tissues
that were sensitized by the lower dose radiation still
survived. These cells, including the pro-lymphocytes,
developed their radiation resistant property.

The results of per cent apoptotic activity in
the 5 year post-treatment groups indicated an increase
of the per cent apoptotic activity towards the level
found in the control groups. Several studies have
shown that high levels of spontaneous apoptosis
were associated with improved survival of cervical
cancer patients(6.24,25). However, there was vari-
ability between persons for radiation induced apopto-
sis in lymphocytes. Individual apoptotic activity could
change over a longer period of time, or be modified
by certain factors, such as health status, environ-
mental stress, and patients’ life-styles(7). In addition,
hyperthermia treatments, a therapeutic raising of the
body temperature equivalent to a fever, could also
modify the response of lymphocytes to radiation-
induced apoptosis(26). It seemed that apoptosis played
an important role in response to radiotherapy. It
might also be a marker for the biological aggressive-
ness of tumors. Further research efforts are, there-
fore, needed to explain the loss of apoptotic response
that invariably occurs during the evolution of a solid
tumor, in the hope of providing more effective cancer
therapy. In this regard, apoptosis in lymphocytes
needs to be evaluated as a potential predictive assay
for measuring tissue radiosensitivity, that could
improve tumor cure rates by enabling radiation doses
to be tailored to the individual.

SUMMARY

In summary, the present study showed that
the per cent apoptotic activity in lymphocytes taken
from pre-treated cervical cancer patients was lower
than the control groups. After radiation therapy, the
per cent apoptotic activity in all 3 stages of cervical
cancer increased towards the control groups.
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