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Radioiodine therapy accelerates apoptosis in peripheral blood lymphocytes 
of patients with differentiated thyroid cancer
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Both apoptosis and micronuclei formation reflect cytogenetic damage in cells and could contribute to cell homeostasis.
The aim of this study was to evaluate apoptosis in peripheral blood lymphocytes (PBLs) of patients with differentiated
thyroid cancer (DTC) before and after 131-iodine (131-I)-therapy and its correlation with micronuclei (MN) frequency.
The study population included 18 DTC patients and 18 healthy donors. Apoptotic cells were detected using the Annexin
V-FITC/7-AAD kit and MN frequency by cytokinesis-block MN assay. The difference between early apoptosis in PBLs of
DTC patients before therapy and controls (9.88 ± 4.99% vs. 6.64 ± 2.07%, p = 0.003) was significant, as well as between
early apoptosis in PBLs of DTC patients before and after 131-I-therapy (9.88 ± 4.99% vs. 13.53 ± 6.57%, p = 0.008). The
MN frequency and early apoptosis in PBLs of DTC patients was positively correlated before (r = 0.540, p = 0.021) and 
after 131-I-therapy (r = 0.585, p = 0.014). Thyroid cancer patients had a significantly increased early apoptosis in PBLs,
which further increased after 131-I-therapy in association with MN frequency.
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Apoptosis is a physiological process involving many mor-
phological and biochemical changes whereby most cells are 
eliminated. The typical morphological changes are shrinkage of
the cell, fragmentation into membrane-bound apoptotic bod-
ies and rapid phagocytosis by neighboring cells [1, 2]. During 
the process of apoptosis, the appearance of phosphatidylserine 
on the outer leaflet of the cell membrane occurs relatively
early in cells in which the integrity of the cell membrane is 
maintained and facilitates non-inflammatory phagocytic rec-
ognition of apoptotic cells [3, 4]. In the late stage of apoptosis, 
the integrity of the cell membrane is lost [4, 5]. 

Deregulation of apoptosis may be of primary importance 
in the pathogenesis of many diseases [6]. Spontaneous ex vivo 
apoptosis of circulating peripheral blood lymphocytes (PBLs) 
has been evaluated in patients with head and neck carcinoma 
[7], carcinoma of the digestive tract [8] and reproductive 
system [9, 10], breast carcinoma [11], melanoma [12] and 
multiple myeloma [13]. Therapy applied to patients with dif-
ferent types of tumors may accelerate apoptosis of malignant 
cells, so increase in apoptosis might be a suitable target for 
therapy [14, 15, 16]. 

Micronuclei (MN) are chromosomal fragments or whole 
chromosomes that are not included in the nuclei during divi-
sion. They appear in the cytoplasm of daughter cells as small
additional nuclei [17]. PBLs of cancer patients have a higher 
micronuclei (MN) frequency than those of healthy persons 
[18, 19, 20], which additionally increased after therapy [21, 22].
Both apoptosis and micronuclei formation reflect cytogenetic
damage in cells and could contribute to cell homeostasis. 

The MN frequency in PBLs of patients with differentiated
thyroid cancers (DTCs) before and after 131-I therapy has
already been studied [23, 24, 25], but the level of apoptosis in 
PBLs of patients with DTC treated with 131-I has not been 
investigated so far. The aim of our study was to determine the
level of apoptosis of PBLs in thyroid cancer patients before 
and after 131-I therapy, and to correlate its intensity with MN
frequency.

Patients and methods

Study population. The study was approved by the Ethical
Committee of the Clinical Center Kragujevac. All patients and 
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control subjects gave written informed consent according to 
the Helsinki Declaration.

The study population included 18 well-DTC patients of
mean age 50.5 ± 11.5 years. Following surgical thyroidectomy, 
the patients were treated at the Nuclear Medicine Depart-
ment of the Clinical Center Kragujevac according to EANM 
guidelines [26] with fixed nominal activities of 3.7 GBq (100
mCi) (11 patients) or 5.5 GBq (150 mCi) (7 patients) of so-
dium [131-I]iodide administered orally. At the time of 131-I 
administration, all patients were hypothyroid after thyroid
hormone withdrawal (TSH >30mIU/L). The control group was
composed of 18 healthy subjects of mean age 46.7 ± 13.9 years. 
They were colleagues and relatives willing to participate, who
had not been exposed to radioactive sources or other known 
genotoxic agents for a minimum of 3 months before. Blood 
samples from control subjects were taken only once, while 
blood samples from DTC patients were obtained twice: before 
and 7 days after 131-I treatment.

None of the patients had been exposed to potentially 
confounding factors, such as other ionizing radiations (radio-
graphic examination or scintigraphy) within 3 months before 
therapy. Patients were released from hospital 3 days after 131-I
therapy or later, when measured residual activity had reached 
a value below 2 mR/h.

Isolation of peripheral blood mononuclear cells. Blood 
samples were collected in the morning in polystyrene tubes. 
Heparinized peripheral blood (10 ml) was centrifuged at 400xg 
for 10 min to separate plasma and cells. Peripheral blood 
mononuclear and polymorphonuclear cells were separated by 
single step continuous density-gradient centrifugation with 
Lymphoprep (Lymphoprep 1.077, Nicomed Pharma AS, Oslo, 
Norway). The separated mononuclear cells were washed with
isotonic phosphate buffered saline three times, and finally re-
suspended in the same solution. 

Detection of apoptosis and necrosis. Apoptotic cells 
were detected using an Annexin V-FITC/7-AAD kit (Beck-
man Coulter IM3614). In the early phase of apoptosis, cell 
membrane integrity was maintained but the cells lost mem-
brane phospholipid asymmetry. Phosphatidylserine (PS), 
a negatively charged phospholipid located in the inner leaflet
of the plasma membrane, is then exposed at the cell surface. 
Annexin V, which is a calcium and phospholipid binding 
protein, binds preferentially to PS. In both late apoptosis and 
necrosis the cell membrane loses integrity and exposes DNA 
to viable dyes [27]. 

It is considered that Annexin V negative and 7-AAD nega-
tive cells are viable, Annexin V positive and 7-AAD negative 
cells are in the early stages of apoptosis, Annexin V positive and 
7-AAD positive cells are in late stages of apoptosis, while An-
nexin V negative and 7-AAD positive cells are necrotic. After
isolation, cells were washed in PBS (p5493 Sigma-Aldrich) and 
re-suspended in ice cold binding buffer to the final concentra-
tion of 1 million cells/ml. Samples for analysis were prepared 
using 100 μl of final solution incubated in the dark for 15
min with 10 μl of AnnexinV-FITC and 20 μl of 7-AAD and 

re-suspended in 400 μl of ice cold binding buffer. Finally, cells
were analyzed on an FC500 Beckman Coulter flow cytometer
to the number of 20000 events, gating lymphocytes on the 
FS/SS diagram. The percentages of early and late apoptotic
cells, as well as necrotic cells were determined using CXP 
Cytometer software.

Cytokinesis-block MN assay. Micronuclei were prepared 
using the Fenech and Morley method [28]. Whole heparinised 
blood (0.5 ml) was added to 5 ml of PBMax Karyotyping 
(Invitrogen, California, USA), the complete medium for 
lymphocyte culture. All cultures were incubated in duplicate 
at 37ºC for 72 h.

Forty-four hours after initiation of incubation, cytochalasin
B (Sigma, St. Louis, MO, USA) was added at a final concentra-
tion of 4 μg/ml. Cultures were harvested 28 h later. The cells
were collected by centrifugation and re-suspended in a cold 
(4ºC) hypotonic solution (0.56% KCl). The cells were then
fixed in freshly prepared acetic acid-methanol (1:3 v/v). The
cell suspensions were dropped onto clean slides, air-dried 
and stained with 2% Giemsa for 12 min (Alfapanon, Novi 
Sad, Serbia). Scoring was performed using a light microscope 
(Nikon E50i) at 400 x magnification following the criteria for
MN scoring only in binucleated (BN) cells, as described by 
Fenech [29]. The MN frequencies were determined in 1000
BN lymphocytes from each patient. 

Statistical analysis. All values were expressed as mean ± 
standard deviation (SD). The commercial SPSS version 10.0
for Windows was used for statistical analysis. Student’s t-test 
was employed for comparison of paired samples. For nonpara-
metric variables, differences between two independent groups
were determined by the Mann-Whitney U-test, while the 
Wilcoxon test was used for dependent groups. The observed
variables were compared by the bivariate correlation test and 
Spearman coefficient. P values less than 0.05 were considered
to be statistically significant and those less than 0.01 highly
significant.

Results

The study population consisted of 18 DTC patients and 18
control subjects. The clinical and pathological characteristics
of the DTC patients are given in Table 1.

Table 2 presents the mean values   of apoptosis/necrosis and 
micronuclei frequency in PBLs of the control subjects and 
the DTC patients before 131-I therapy. The mean value for
early apoptosis of PBL in DTC patients before 131-I therapy 
was significantly higher than for the control subjects (9.88 ±
4.99 % vs. 6.64 ± 2.07 %; Mann Whitney test, p = 0.003). The
mean value for late apoptosis of PBLs in DTC patients before 
131-I therapy was 0.42 ± 0.91 % compared to 0.30 ± 0.24 % for 
the controls. The difference for late apoptosis between DTC
patients before 131-I therapy and controls was not statisti-
cally significant. Moreover, there was no significant difference
between the percentage of necrosis of PBLs in untreated DTC 
patients and controls (0.11 ± 0.32 % vs. 0.025 ± 0.04 %). 
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The mean MN frequency in the DTC patients before 131-I
therapy was 19.67 ± 6.25, which was significantly higher than
in PBLs of healthy controls (4.66 ± 2.42; Mann Whitney test, 
p < 0.001). The mean values for apoptosis, necrosis and MN
frequency in PBLs of DTC patients before and after therapy
are given in Table 3. These were 9.88 ± 4.99 % and 13.53 ± 6.57

% respectively for early apoptosis of PBLs, and 0.42 ± 0.91 % 
and 0.46 ± 0.55 % respectively for late apoptosis. Cell necrosis 
before therapy was 0.11 ± 0.32 % and 7 days after therapy 0.09
± 0.24 %. Applying the Wilcoxon test it was shown that the 
increase in early apoptosis after 131-I therapy was statistically
significant (p = 0.008). On the other hand, the differences be-
fore and after 131-I therapy for late apoptosis (Wilcoxon test,
p = 0.276) and necrosis (Wilcoxon test, p = 0.801) of PBLs in 
DTC patients were not statistically significant.

The mean frequency of MN in the group of DTC patients
after 131-I therapy was 27.30 ± 9.08/1000 BN cells, which was
significantly higher than the values before therapy (19.67 ±
6.25; paired-samples T test, p < 0.001). 

There were no significant differences between MN frequen-
cies before and after 131-I therapy in relation to both tumor
stage (One Way ANOVA test, pbefore= 0.786, pafter = 0.722) and 
the presence of metastases (Binary logistic regression, pbefore= 
0.363, pafter = 0.716). Similarly, no significant differences in the
frequencies of early and late apoptosis in relation to tumor 
stage (One Way ANOVA test, before 131-I therapy pearly= 
0.978, plate = 0.683, and after 131-I therapy pearly = 0.743, plate = 
0.459) and the presence of metastases (Binar logistic regres-
sion, before therapy pearly = 0.648, plate = 0.337, and after pearly 
= 0.743, plate = 0.459).

Figure 1 shows the early and late apoptotic events and 
necrosis of PBLs of two representative control subjects (a, b) 
and two representative DTC patients, before (c, e) and after
131-I therapy (d, f) using the annexin V-propidium iodide 
assay. 

The results for MN frequency and level of apoptosis/
necrosis in PBLs of DTC patients and healthy controls are 
summarized in Table 4. DTC patients had higher levels of 
both early apoptosis and MN frequency than control sub-
jects.

Statistical data indicated no significant difference in MN
frequency before and after therapy in relation to patient gen-
der (binary logistic regression, pbefore = 0.805, pafter = 0.940), 
nor to dose of applied 131-I (binary logistic regression, p = 
0.479).

Analysis of the relationships between two indicators of 
radiation-induced cell damage, apoptosis and MN frequency, 
showed a positive correlation between the values   for MN 
frequency and early apoptosis before 131-I therapy (bivariate 
correlation test, Spearman r = 0.540, p = 0.021) and between 
MN frequency and total apoptosis before 131-I therapy (bivari-
ate correlation test, Spearman r = 0.549, p = 0.018). In addition, 
we found a significant correlation between therapy-induced
MN frequency (MN frequency after therapy reduced by MN
frequency before therapy) and therapy induced early apoptosis 
(early apoptosis after therapy minus early apoptosis before
therapy) (bivariate correlation test, Spearman r = 0.585, p = 
0.014), as well as between therapy-induced MN frequency and 
therapy induced total apoptosis (total apoptosis after therapy
minus total apoptosis before therapy) (bivariate correlation 
test, Spearman r = 0.579, p = 0.015).

Table 1. Clinical and pathological characteristics of the patients with 
differentiated thyroid cancer

Characteristics Patients (n)

Sex
  Female
  Male

12
6

Age (Yrs)
  Range
  Mean ± SD

38-76
50.5 ± 11.5

Therapy doses (GBq)
 3.7
 5.5
Tumor histology*
  P
  P/F

11
7

13
5

Tumor status
  T1
  T2
  T3

12
5
1

Nodal status
  N0
  N1

11
7

Metastasis distant
  M0
  M1

17
1

*P-papillary carcinoma, P/F-papillary carcinoma with follicular infiltration
(follicular subtype of papillary carcinoma)

Table 2. The mean values   of apoptosis/necrosis and MN frequency 
in PBLs of control subjects and DTC patients before radioiodine 
therapy 

controls patients significance

early apoptosis
late apoptosis
total apoptosis
necrosis
micronuclei

 6.64 ± 2.07
 0.30 ± 0.24
 6.94 ± 2.15
 0.025 ± 0.04
 4.66 ± 2.42

 9.88 ± 4.99
 0.42 ± 0.91
 10.30 ± 5.38
 0.11 ± 0.32
 19.67 ± 6.25

p = 0.003
p = 0.319
p = 0.004
p = 0.584
p < 0.001

Table 3. The mean values of apoptosis/necrosis and MN frequency in PBLs
of DTC patients before and after radioiodine therapy

patients
before 131-I

patients
after 131-I

significance

early apoptosis
late apoptosis
total apoptosis
necrosis
micronuclei

 9.88 ± 4.99
 0.42 ± 0.91
 10.30 ± 5.38 
 0.11 ± 0.32
 19.67 ± 6.25

 13.53 ± 6.57
 0.46 ± 0.55
 13.99 ± 6.61
 0.09 ± 0.24 
 27.30 ± 9.08 

p = 0.008
p = 0.276
p = 0.008
p = 0.801
p < 0.001
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Figure 1. Apoptosis and necrosis in PBLs of two control subjects (a,b) and two DTC patients, before (c, e) and after radioiodine therapy (d, f)

26

Control 1.     Control 2. 

Patient 1. 
Before therapy     After therapy 

Patient 2. 
Before therapy     After therapy
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Discussion 

In this study we investigated the effect of radioactive 131-I
on apoptosis and MN frequency in PBLs of patients with DTC. 
Earlier work had shown that the PBLs of untreated patients 
with different types of tumors [7, 11, 12] and papillary thyroid
cancer [30] have an increased proportion of apoptotic cells. 
Our results are consistent with previously published data, but 
in comparison to patients with other types of tumors [8, 10], 
we obtained higher values of spontaneous apoptosis in PBLs 
before the applied therapy. 

In order to estimate the total apoptosis of peripheral blood 
lymphocytes, we measured the percentage of PBLs in early 
stage of apoptosis (phosphatidylserine is expressed on the outer 
leaflet of cell membrane and the integrity of cell membrane is
maintained) and late stage of apoptosis (phosphatidylserine 
is expressed on the outer leaflet of cell membrane, but the
integrity of cell membrane is lost). The large differences in the
percentage of cells in early and late stages of apoptosis obtained 
in our study could be explained by differences in duration of
these stages of apoptosis. Namely, the duration of an apoptotic 
cell death has been estimated from a few hours to several days 
depending on the cell type [1, 2] and the initiator [31], while 
the late stage of apoptosis lasts about one hour [32, 33]. 

The mechanism responsible for apoptosis in PBLs of tumor
patients is still a subject of research. One possible explanation 
for the high level of spontaneous apoptosis is intensification
of the Fas (APO-1, CD95) / FasL pathway. Hoffman and col-
leagues [7] showed that a significant number of circulating
lymphocytes in patients with head and neck cancer is elimi-
nated through apoptosis, and that these cells are Fas-positive. 

Also, it was found that cancer cells increasingly expressed 
functional FasL on their surface. The Fas/FasL pathway, includ-
ing the presence of serum FasL, seems to play a key role in the 
survival and death of circulating lymphocytes. Besides that, 
there are other potential mechanisms responsible for enhanced 
apoptosis in PBLs of tumor patients, such as the presence of 
wild-type p53 gene, c-myc induced cell death, overexpression 
of the pro-apoptotic molecules Bax or Bak, and the changes 
in cytokines production [34, 35]. 

The effect of radiotherapy on apoptosis in PBLs of patients
with different types of tumors has been examined earlier [15,
16], but the influence of radioactive 131-I on apoptosis in PBLs
of patients with DTC has not been studied so far. Our results 
show a significant increase of early apoptosis in PBLs of DTC
patients treated with 131-I. Similar results were obtained by 
others [36, 37] as an effect of radiotherapy applied to patients
with different types of tumors. It is assumed that radiotherapy
leads to increased apoptosis in PBLs in two ways: by acting 
on the cell membrane and on the genetic material. The first
mechanism involves degradation of membrane sphingomyelin 
by activation of sphingomyelinase and formation of ceramide, 
which promotes interphase death by apoptosis. On the other 
hand, radiation damages DNA, increasing p53-dependent 
transcription, and blocks the ubiquitin-dependent degradation 
of proteins, which also induces apoptosis [38]. 

Concerning the relationship between apoptosis and MN, we 
found a positive correlation between MN frequency and early 
apoptosis in PBLs before therapy, as well as between iodine 
131-induced MN frequency and iodine 131-induced early 
apoptosis in PBLs of DTC patients. Considerable individual 
variation has been found for radiation induced apoptosis 

Table 4. Sumarized results of micronuclei frequency and apoptosis/necrosis level in PBL of DTC patients (n = 18) and healthy controls (n = 18)

Analysis Patients Controls

n  before therapy    after therapy  
 mean ± SD mean ± SD

n mean ± SD

Mean age (years) total
Age range
MN frequency
 total
Gender
  Males
  Females

Therapy doses (GBq)
 3.7
 5.5
Apoptosis (%)
  Early
  Late
Necrosis (%)

18

6
12

11
7

18

50.50 ± 11.5
38-76

 
 19.67 ± 6.25a  27.30 ± 9.08b 

 
 19.16 ± 7.35  27.50 ± 11.41
 19.92 ± 5.97  27.16 ± 8.25

 18.27 ± 5.93  26.10 ± 9.02
 21.86 ± 6.56  29.14 ± 9.54 

 9.88 ± 4.99c  13.53 ± 6.57d

 0.42 ± 0.91  0.46 ± 0.55
 0.11 ± 0.32  0.09 ± 0.24

18

3
15

/
/

18

46.77 ± 13.9
30-79

4.66 ± 2.42

1.66 ± 1.53
5.26 ± 2.12

6.64 ± 2.07
0.30 ± 0.24

0.025 ± 0.04
a statistically significant difference in mean MN frequency between patients and controls,
b statistically significant difference in mean MN frequency before and after therapy,
c statistically significant difference in early apoptosis between patients and controls,
d statistically significant difference in early apoptosis before and after therapy.
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and MN frequency [39, 40], as occurred in our DTC patients 
treated with 131-I. 

Apoptosis is the physiological response of cells to the action 
of different harmful agents, including exposure to radiation.
This active process is accompanied by chromatin condensation
and could contribute to the formation of micronuclei, which 
segregate inactive genetic material [39, 41]. Apoptosis and 
micronuclei occur after the first mitosis and therefore reflect
damage to genetic material. The relationship between radiation
therapy-induced apoptosis and micronuclei frequency was 
analyzed previously [42, 43]. In several studies the incidence of 
apoptosis was found to correlate negatively with MN frequency 
[44, 45, 46], while in others apoptosis correlated positively 
with MN frequency [47]. Using a chemical agent, Decordier 
and coworkers showed that the frequency of cells with MN 
was higher in the apoptotic cell fraction and concluded that 
the formation of MN in cells correlates with apoptosis and 
therefore contributes to the elimination of damaged cells 
[48]. Moreover, they suggested that MN could be a signal 
for apoptosis, whereby MN formation is related to the early 
stages of apoptosis.

Meintieres et al. [49] detected an increase of MN frequency 
in cells with overexpression of the antiapoptotic protein, Bcl-2, 
suggesting that inhibition of apoptosis may allow cells with 
a significant level of DNA damage to continue the cell cycle
and to survive as MN-bearing cells. In contrast, increased ap-
optotic capacity may lead to the elimination of cells with MN 
and therefore to reduction in the total number of MN. Thus,
MN frequency, as a marker of DNA damage, might depend on 
whether the damaging agent acts as a promoter or inhibitor 
of apoptosis [50], but the effects of other factors that regulate
apoptotic events may also be involved. In this study, it was 
shown that radioactive 131-I induces an increase in apoptosis 
and MN frequency, with a positive correlation between them. 
This could indicate that, despite enhanced apoptosis, the inten-
sity is not sufficient to remove the increased number of cells
with MN. A better understanding of the relationship between 
MN formation and apoptosis requires analysis of micronuclei 
origin, but that was not the subject of our investigation.

In conclusion, patients with DTC have a significantly higher
level of early apoptosis in PBLs than healthy subjects, which 
additionally increases after 131-I therapy. Radioactive iodine-
induced early apoptosis in PBLs of DTC patients was positively 
associated with MN frequency. 
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