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Abstract We tested apoptosis levels in in vitro irradiated

T-lymphocytes from breast cancer (BC) patients with

radiotherapy-induced late effects. Previous results reported

in the literature were revised. We also examined the effect

of TP53 Arg72Pro polymorphism on irradiation-induced

apoptosis (IA). Twenty BC patients, ten with fibrosis and/

or telangiectasias and ten matched controls with no late

reactions, were selected from those receiving radiotherapy

between 1993 and 2007. All patients were followed-up at

least 6 years after radiotherapy. Using the combination of

both CD3 and CD8 antibodies the in vitro IA was measured

in CD3, CD8 and CD4 T-lymphocytes, and CD8 natural

killer lymphocytes (CD8 NK) by flow cytometry. The

TP53 Arg72Pro genotype was determined by sequencing.

Patients with late radiotherapy toxicity showed less IA for

all T-lymphocytes except for the CD8 NK. CD8 NK

showed the highest spontaneous apoptosis and the lowest

IA. IA in patients with toxicity appears to be lower than the

control patients only in TP53 Arg/Arg patients

(P = 0.077). This difference was not present in patients

carrying at least one Pro allele (P = 0.8266). Our data

indicate that late side effects induced by radiotherapy of

BC are associated to low levels of IA. CD8 NK cells have a

different response to in vitro irradiation compared to CD8

T-lymphocytes. It would be advisable to distinguish the

CD8 NK lymphocytes from the pool of CD8? lympho-

cytes in IA assays using CD8? cells. Our data suggest that

the 72Pro TP53 allele may influence the IA of patients with

radiotherapy toxicity.

Keywords Radiotherapy-induced late toxicity � In vitro

irradiation-induced apoptosis � T-lymphocytes � Natural

killer CD8? lymphocytes � TP53 Arg72Pro polymorphism
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Introduction

The success of radiotherapy in eradicating a tumour

depends on the total radiation dose given, but the tolerance

of the normal tissues surrounding the tumour limits this

dose [1]. The majority of patients tolerate well standard

radiation therapy, but up to 10 % of patients suffer from

acute to life threatening adverse effects arising from the

intrinsic sensitivity of normal tissue [2]. As there is a direct

relation between radiation dose and tumour control, the

development of side effects in a minority limits the dose

that can be safely prescribed to the majority of patients [1,

3]. Furthermore, radiotherapy side-effects impact nega-

tively on quality-of-life [4].

Development of a test to predict side effects should

enable individualized radiation dose prescription. It would

increase cancer cure, while reducing the number of survi-

vors suffering from the consequences of treatment [5].

Since the early 1990s, various cell-based in vitro assays

have been developed to quantify cellular radiosensitivity

and predict the outcome after radiotherapy [5]. These

studies showed a relationship between the biomarkers

measured and normal tissue toxicity, although, in general,

cell-based assays lack the sensitivity, specificity and

reproducibility required for a routine clinical test [1, 5, 6].

Crompton et al. [7] reported lower levels of irradiation-

induced apoptosis (IA), measured by flow cytometry on

CD4 and CD8 cells, in patients with severe reactions to

radiotherapy when compared to healthy and cancer patients

who displayed normal toxicity. In a prospective study of

399 patients treated by radiotherapy for different cancer

types, Ozahin et al. [8] demonstrated that a lower CD4 or

CD8 apoptosis correlated to higher risk of late adverse

effects. Recently, other authors have also shown that

patients with localized cervical carcinoma or advanced

head and neck cancer and late toxicity induced by radio-

therapy displayed a low apoptotic response compared with

patients with normal tissue response [9, 10].

One of the most important apoptotic regulatory proteins

is the tumour suppressor protein p53 (encoded by TP53

gene). Acting as a transcription factor, p53 responds to

diverse cellular stresses to regulate cell cycle arrest,

apoptosis, senescence, and DNA repair (reviewed by Riley

et al. [11]). TP53 has a common single-nucleotide poly-

morphism (SNP), that results in either proline or arginine at

amino-acid position 72 (Arg72Pro) (dbSNP: rs1042522) in

the p53 protein. This polymorphism is located in a p53

proline-rich domain, which is necessary for the protein to

fully induce apoptosis (reviewed by Whibley et al. [12]).

Some evidences support that these two p53 variants exhibit

different biochemical properties, one of which is that p53-

72Arg is a more efficient inducer of apoptosis than p53-

72Pro [12, 13].

In our study we tested in ten breast cancer (BC) patients

with fibrosis or/and telangiectasias and 10 patients without

late lesions induced by radiotherapy: (1) the levels of

lymphocyte apoptosis induced by in vitro irradiation using

the combination of both CD3 and CD8 antibodies to spe-

cifically identify T-lymphocytes; and (2) the effect on the

IA of the TP53 Arg72Pro polymorphism. We also

reviewed the previous studies reported in the literature.

Patients and methods

Patients

The late toxicity after radiotherapy was reviewed in the

patient records treated with radiation for BC between 1993

and 2007. About one hundred patients per year received

radiotherapy during this period. After breast-conserving

surgery, the patients received adjuvant systemic treatment

(chemotherapy, hormone therapy or combined). The

patients received a standard breast irradiation treatment

with two tangential fields, each one with a wedge: a lateral

and a medial. Planning was based on 2D simulation,

including verification and quality assurance. The patients

were given whole breast radiotherapy with conventional

fractionation, 50 Gy, 2 Gy/fraction with 60Co unit. Treat-

ment added a tumorectomy electron boost (9–16 MeV)

from a lineal accelerator, with doses ranging from 14 to

20 Gy. The dose was 20 Gy at 85 % isodose. All patients

have been followed-up at least 6 years after radiotherapy

(6–19 years). The occurrence of acute and late effects of

radiotherapy were monitored and documented by the

physician during the standard patient follow-up along and

after radiotherapy using Radiation Therapy Oncology

Group toxicity grading system.

For the case–control study it was possible to recruit ten

BC patients with fibrosis and/or telangiectasias (Table 1).

Each case was matched with one control that showed no

late change in breast appearance. There is no statistically

significant difference among the two groups of patients for

treatment, demographic and tumour characteristics

(Table 2). Supplementary Table S1 shows the tumour

staging for the ten BC patients with late toxicity and for the

ten control patients. Three BC patients with late toxicity

had criteria for BRCA1/BRCA2 analysis, and no mutation

was identified (Supplementary Table S1). The ethical

committee of the hospital approved the study and all

women participating signed an informed consent.

Radiation-induced apoptosis assay

The protocol of IA assay was performed as previously

reported [7, 14] with some modifications (Supplementary
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Materials). Briefly, two fresh blood cultures, in RPMI 1640

supplemented with 20 % foetal bovine serum, were set up

for each patient. Immediately after, one was treated with

8 Gy at room temperature at a dose rate of 3 Gy/min with a

6 MV photon beam. Both cultures were then placed into a

37 �C incubator with 5 % CO2. After 48 h of incubation,

the cell pellet was labelled with FITC-conjugated anti-CD8

and APC-conjugated anti-CD3 monoclonal antibodies. The

erythrocytes were lysed and the cell pellet was stained with

propidium iodide and treated with RNase. The cells were

subsequently examined using a FACScan flow cytometer.

Data from at least 10,000 lymphocytes per culture were

acquired.

Apoptosis was measured in the following cell types:

(a) total T-lymphocytes (CD3?); (b) CD8 T-lymphocytes

(CD3? CD8?); (c) CD4 T-lymphocytes (CD3? CD8-)

Table 1 Acute and late toxicity in the analysed breast cancer patients

Group Patient

ID

Acute toxicity

(evaluated

B3 months after

radiotherapy)

Late toxicity (evaluated

along [3 months up to at

least 6 years after

radiotherapy)

Without late normal tissue reactions

SP-13 Epithelitis None

SP-4 Epithelitis None

SP-19 Erythema None

SP-8 Epithelitis grade 2 None

SP-18 None None

SP-7 None None

SP-11 Erythema None

SP-6 Epithelitis grade 3 None

SP-12 Erythema None

SP-16 Dermatitis None

With late normal tissue reactions

SP-1 Erythema and

Epithelitis

Telangiectasia grade

2 ? Fibrosis grade 2

SP-10 Erythema Telangiectasia grade 1

SP-9 Erythema and Edema Fibroadenoma grade 1

SP-14 Erythema and Moist

Epithelitis grade 3

Fibrosis grade 3

SP-3 Erythema Telangiectasia grade 1

SP-5 Erythema Telangiectasia grade 1

SP-15 Epithelitis grade 2 in

each bilateral breast

cancer

Telangiectasia and

Fibrosis grade 3 in each

bilateral breast cancer

SP-17 Erythema Fibrosis grade 3

SP-20 Erythema Telangiectasia grade 2

and Fibrosis grade 3

SP-2 None Telangiectasia grade 2

bilateral and Fibrosis

grade 2 in right breast

Table 2 Clinical and demographic characteristics of analysed

patients. The TP53 genotype is also indicated

Characteristic Non-toxicity

group

(n = 10)

Toxicity

group

(n = 10)

Age at radiotherapy (mean ± SD) 45.7 ± 10.01 52.8 ± 8.6a

Age at study (mean ± SD) 55.2 ± 8.01 61.6 ± 8.63a

BMI (mean ± SD) 25.42 ± 3.41

(n = 5)

26.9 ± 6.21

(n = 4)a

Smoking status

Non-smoker 50 % (n = 8) 70 %b

Current smoker 12.5 %

(n = 8)

10 %b

Former smoker 37.5 %

(n = 8)

20 %b

Histological type

Invasive ductal 70 % 80 %b

Invasive lobular 10 % 0 %b

In situ 10 % 10 %

Other 10 % (mixed

ductal and

lobular)

10 %

(tubule-

lobular

carcinoma)

Adjuvant treatment

Neo-adjuvant chemotherapy 10 % 0 %b

None 10 % 10 %b

Chemotherapy 0 % 20 %b,c

Hormonotherapy 20 % 50 %b

Chemotherapy ? Hormonotherapy 60 % 20 %b

Radiotherapy

Basic irradiation dose 50 Gy

(n = 9)

46 Gy

(n = 1)

50 Gy

Boost dose 14–20 Gy 16–20 Gy

Total prescribed dose Gy

(mean ± SD)

65.8 ± 0.63a 67.0 ± 1.69a

Boost with brachytherapy 10 % 10 %

Radiotherapy concomitant to

chemotherapy

30 % 10 %b

Years of follow-up after

radiotherapy until time of

publication (mean ± SD)

12.0 ± 3.78a 10.4 ± 4.65a

TP53 codon 72 genotype

GG (Arg/Arg) n = 6 n = 7

GC (Arg/Pro) n = 3 n = 3

CC (Pro/Pro) n = 1 n = 0

a No statistically significant differences between both groups: t Test
b No statistically significant differences between frequencies of both

groups: Yates corrected Chi square test
c One of them was also treated with a monoclonal antibody as

adjuvant therapy
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and; (d) CD8 subset of natural killer (NK) lymphocytes

(CD3- CD8?).

DNA genotyping

The TP53 Arg72Pro SNP: c.215G [ C was genotyped by

Sanger sequencing using BigDye Terminator v3.1 Cycle

Sequencing Kit, on a 3130xl Genetic Analyzer. PCR

amplification was performed using primers designed to

include the SNP: 50-CCTGGTCCTCTGACTGCTCT-30

(forward) and 50-CAGGCATTGAAGTCTCATGG-30

(reverse).

Statistical analysis

The outcome variables analyzed were the percentage of

spontaneous apoptotic cells and the IA ratio, calculated as

the percentage of apoptotic cells induced by 8 Gy divided

by the basal percentage of apoptotic cells. As each cell type

was studied in the same patients, the between-group dif-

ferences in basal apoptosis and IA ratio were analyzed

using generalized linear models (GzLMs) for repeated

measures. Also, a lognormal distribution was specified as it

fitted well both outcome variables. Sequential Bonferroni

corrections for multiple comparisons were used for post

hoc comparisons if appropriate. The analysis included three

factors: (1) cell type; (2) clinical toxicity due to radio-

therapy; and (3) TP53 Arg72Pro polymorphism genotype.

The outcome variables are presented as geometric means

with 95 % confidence intervals (95 % CIs), since this is the

best way when data follow a lognormal distribution.

The demographic and clinical data were compared

between the patients without late toxicity and patients

presenting late toxicity by using a t test for continued

variables or Yates corrected Chi square test for categorial

variables (Table 2).

In order to estimate the classification properties of the

ratios of IA, area under the receiver-operating character-

istic curves (AUC ROC) and the respective 95 % CIs were

calculated, as well as a cut-off value according to Youden’s

index (maximum of sensitivity ? specificity -1).

Statistical computations were performed using the

packages SAS� 9.2 (GzLMs), Stata 11 (AUC), and

STATISTICA 8.0 (Graphic charts).

Results

Spontaneous apoptosis

The results of the GzLMs analysis for repeated measures

indicated that the clinical toxicity factor does not affect the

percentage of spontaneous apoptosis (P = 0.806), since

there were no differences between patients with and with-

out late effects induced by radiotherapy (Fig. 1). In con-

trast, the factor of cell type showed a significant effect on

the basal percentage of apoptosis (P \ 0.0001), as the

CD8? subset of natural killer lymphocytes (CD8 NK)

showed higher basal percentage of apoptosis than the other

cell types, irrespective of clinical toxicity status

(P = 0.0001 for CD8NK vs. CD3, CD8NK vs. CD4 and

CD8NK vs. CD8, Bonferroni test) (Fig. 1). Supplementary

Table S2 shows the age, the number of cells evaluated and

the percentage of spontaneous apoptosis for the four

untreated cell types.

Ratio of the radiation-induced apoptosis (IA)

The ratio of apoptosis induced by 8 Gy was affected by

both the clinical toxicity of the patients and the cell type

(P = 0.049 and P = 0.0003, respectively). The patients

with fibrosis and telangiectasias demonstrated a lower rate

of IA than the patients without side effects (Fig. 2) for the

CD3, CD4 and CD8 T-lymphocytes although this differ-

ence was only significant for the CD3 cells (P = 0.004 for

CD3; P = 0.060 for CD4; P = 0.097 for CD8, Bonferroni

test). In contrast, the IA ratio of the CD8 NK cells was

similar between patients with or without late lesions

(P = 0.389, Bonferroni test) (Fig. 2).

Considering the cell type effect, the CD8 T-lymphocytes

showed IA ratios higher than other cells irrespectively of

the patient toxicity status (CD3 vs. CD8 P = 0.0026; CD4

vs. CD8 P = 0.0015; CD8 vs. CD8NK P = 0.0006,
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Fig. 1 Spontaneous apoptosis levels (geometric means ± 95 % CI)

in non irradiated cultures compared between patients with and

without late effects induced by radiotherapy, and among the different

cell types. No differences in the spontaneous apoptosis between

patients with and without late effects induced by radiotherapy. The

CD8 subset of natural killer lymphocytes (CD8 NK) showed the

highest values of spontaneous apoptosis compared with the rest of

analyzed cell types
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Bonferroni test), while the ratio values of CD8 NK lym-

phocytes were lower (CD3 vs. CD8 NK P = 0.0181; CD4

vs. CD8 NK P = 0.0431; CD8 vs. CD8 NK P = 0.0006,

Bonferroni test) (Fig. 2). Supplementary Table S3 shows

the total number of evaluated cells, the % of apoptotic cells

induced by 8 Gy, and the IA ratio per each cell type and

patient.

The GzLMs analysis for repeated measures including

the Arg72Pro TP53 genotype factor showed, although

marginally non-significant and irrespectively of cell type,

that the IA ratio in patients with late toxicity was lower

than that of patients without late toxicity only in patients

with Arg72Arg genotype (six control patients vs. seven

patients suffering late toxicity, P = 0.0776; Bonferroni

test). No such difference was present in carriers of at

least one Pro allele (four control patients vs. three

patients with late toxicity, P = 0.8266; Bonferroni test)

(Fig. 3). Permutation analysis confirmed that the all

above obtained P-values were robust (Supplementary

Table S4).

The ROC curve analyses of IA ratios of CD3, CD4,

CD8, and CD8 NK showed that the area under the curve

was greater for CD3 (0.91; 95 % CI, 0.683–0.988) than for

CD4 (0.80; 95 % CI, 0.563–0.943), CD8 (0.77; 95 % CI,

0.509–0.913) and CD8 NK (0.47; 95 % CI, 0.231–0.685).

The ratio C6.46 of CD3 cells had the highest sensitivity

(100 %) and specificity (80 %) as a cut-off value. There-

fore, the 100 % of patients without late radiotherapy tox-

icity exhibited CD3 IA ratio values C6.46, while the 80 %

of patients with late lesions had values lower than 6.46

(Fig. 4).

Discussion

In our study, the BC patients suffering from severe late

complications due to radiotherapy exhibited lower levels of

IA in total T-lymphocyte (CD3) compared to patients

without complications. A similar trend was obtained from

CD4 and CD8 T-lymphocytes, although statistically not

significant. Regarding the prediction of patients at risk for

late complications after radiotherapy, ROC analysis

showed that a cut-off value of 6.46 of CD3 IA ratio cor-

rectly classifies 90 % of the patients. These results together

with others previously reported [7–10, 15–17, 24] seem to

support that IA determined in blood lymphocytes can be a

reliable method to predict late tissue toxicity due to

radiotherapy. However, in our study two patients (SP-3 and

SP-15) with late skin lesions displayed IA higher than 6.46

(Fig. 4). Tumour staging of both patients are similar to

those of the other patients (Supplementary Table S1). The

SP-15 patient, that presented bilateral BC and telangiec-

tasia and fibrosis grade 3 in both events (Table 1), exhib-

ited a high level of IA (9.76) (Fig. 4). Moreover, no

pathogenic BRCA1/BRCA2 variant was identified in the

SP-15 patient (Supplementary Table S1). The severe sen-

sitivity to radiotherapy in this patient could be due to other

mechanisms than those leading to a low IA. Larger groups

of patients, including other tumour sites, are needed to

study these IA differences.

Some other studies in cancer patients reported no cor-

relation between individual response to radiotherapy and

IA. Table 3 shows the studies published to date and the

differences in experimental conditions that could in part,

explain these contradictory results. Thus, there was no
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Fig. 2 Irradiation-induced apoptotic (IA) ratios (geometric

mean ± 95 % CI) compared between patients with and without late

effects induced by radiotherapy, and among the different cell types.

Patients with late radiotherapy toxicity showed less IA for all

T-lymphocytes except for the CD8 NK. CD8 NK showed the lowest
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Fig. 3 Irradiation-induced apoptotic (IA) ratios of the all analysed

cell types (geometric mean ± 95 % CI) compared between 72Arg

and 72Pro TP53 allele carriers with or without clinical toxicity. IA in

patients with toxicity is lower than the control patients only in TP53

Arg/Arg patients (P = 0.077). This difference was not present in

patients carrying at least one Pro allele (P = 0.8266)
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relation between low apoptosis and clinical toxicity when

lymphoblastoid cell lines (LCLs) or frozen lymphocytes

rather than fresh ones were used [18–21], when the cells

were irradiated with doses lower than 8 Gy [18–24] and,

when the TUNEL assay was employed to analyze apoptosis

[21, 22] (Table 3).

The mechanism responsible for low apoptotic response

in lymphocytes of cancer patients with late side effects

remains unclear. Lymphocytes from individuals with

radiation hypersensitivity diseases caused by germ-line

mutations in genes implied in DNA repair as ataxia tel-

angiectasia and Nijmegen breakage syndrome also display

a reduced apoptotic induction after in vitro irradiation [7,

15, 22, 25]. An inverse association between initial number

of DNA double-strand breaks (DSBs) induced by in vitro

irradiation and the IA has also been described in patients

with locally advanced BC [26, 27]. Therefore, there is a

potential link between cellular response to DNA DSBs and

decreased IA [27]. Likewise, Henrı́quez-Hernández et al.

[28] compared in a group of 12 locally advanced BC

patients the significantly regulated pathways and biological

process of differentially expressed genes and found com-

mon routes between clinical toxicity and DNA DSBs,

clinical toxicity and apoptosis, and DNA DSBs and apop-

tosis. Thus, initial DNA damage, IA and clinical toxicity

seem to share a common genetic background [28].

On the other hand, Crompton et al. [15], showed a

decreased IA of CD4 and CD8 T-lymphocytes in two

individuals with germ-line heterozygous mutation in the

NF1 gene that causes the Neurobrimatosis I Syndrome

(NF1). The loss of the NF1 gene product, neurofibromin,

results in the presence of activated RAS, which in turn

inhibits apoptosis and stimulates cell proliferation [29].

Further, it has been described that individuals with NF1 are

at increased risk of developing secondary malignant neo-

plasms after radiotherapy [29]. In addition, a recent study

demonstrates that Nf1 ± mutant mice develop more

malignancies after irradiation than matched wild type mice

[30]. All these findings support that the decreased apoptosis

after in vitro irradiation found in patients with late com-

plications induced by radiotherapy could be attributed to

impaired response mechanisms to radiation cell exposure

such as DNA DSBs repair and RAS signal transduction

pathway.

Given that a subset of NK cells express CD8 on their

surface, the analysis with only anti-CD8 mixes up two

distantly related lymphoid lineages [31, 32]. We thus chose

double surface immunostaining using the combination of

anti-CD3 and anti-CD8 for distinguishing T and NK cells

expressing CD8 on their surface. Using this approach we

found two clear different responses to in vitro irradiation:

the CD8 T-lymphocytes showed the greatest sensitivity to

radiation while the CD8 NK cells subset were the most

radio-resistant cells (Fig. 2). These data concur with pre-

vious reports showing that the total NK cells (without

differentiating the subset expressing CD8) were the most

radio-resistant cells [33–35] and that CD8? lymphocytes

were more sensitive to irradiation than CD4?cells [8, 15,
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al
re
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o
n
se

to

ra
d
io

th
er

ap
y
;

1
2

h
y
p
er
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n
si

ti
v
e
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n
ce

r
p
at

ie
n
ts

to

ra
d
io

th
er

ap
y
;

9
A

T

p
at

ie
n
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E
n
h
an

ce
d
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rl

y
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d
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x
ic
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y
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ar
in

is
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b
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o
d

2
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d
9

G
y

X
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s;

3
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G
y
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-
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8
h

L
at

e
F

L
C

?
P

I
C

D
8
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d

C
D

4
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m

p
h
o
cy

te
s

a
B
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k
g
ro

u
n
d
-
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st
ed
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.

C
D

4
an

d
C

D
8
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te

g
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d
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o
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s

R
ed

u
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d
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y
p
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n
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v
e
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d

A
T

p
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n
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B
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b
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et
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.

[2
2
]

b
R

1
3

h
ea

lt
h
y

d
o
n
o
rs

;
5

A
T

h
o
m

o
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g
o
te

s;
9

A
T

H
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;
3
1

B
C

p
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n
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L
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e
P

B
M

C
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1
3
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s
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m
a

ra
y
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3
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5
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y
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m
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1
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h
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4
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e
T
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N
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L
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F
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P

B
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b
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n
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d
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p
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R
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A
T

,
A

T
H
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an

d

B
C

p
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n
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m
p
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n
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.
[1

5
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R
1
0
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n
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;
4
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r
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n
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h
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e
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y
p
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ti
v
e
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n
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ra
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1
2
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T
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F

;
2

n
eu
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b
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n
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b
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d

2
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d
9

G
y
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3
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y
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-
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h
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L
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?
P

I
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D
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p
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u
n
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-
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.

C
D

4
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d

C
D

8
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o
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s

R
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u
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d
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h
y
p
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n
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v
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A
T
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1

N
B

S
,

2

N
F

1
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d

1
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F

p
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n
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.
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]

P
3
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n
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r
p
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n
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:

3
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%
B

C
;

1
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%
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d
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1
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o
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n
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1
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2
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b
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8
G
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P
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D
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p
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n
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p
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d
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d
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.

N
o
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n
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h
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ef
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s
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p
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al

.

[2
1
]

R
L

C
L
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5

h
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h
y
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n
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;
3

A
T

;
1

A
T

h
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,
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N
B

S
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1
N

B
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h
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4

B
C
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d

1
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n
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n
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d
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2
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1
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p
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w
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h
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p
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y
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m
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w
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d
e
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1
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w
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u
t
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y

L
at

e
L

C
L
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d

P
B

M
C

2
G

y
;

5
G

y
;

X
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2
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y
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-
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8
h

L
at
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T
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N
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L
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?
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m
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o
p
e

L
C

L
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p
h
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te
s
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d

b
y
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b
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u
n
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-
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u
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3
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d
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5
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p
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3
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d
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D

3
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p
h
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w
it
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3
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x
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h
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d
u
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d
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p
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.

[1
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]

c
R
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u
p

A
:

9
B
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d
6
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N
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h
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e

3
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b
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s
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1
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a

w
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h
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ra
l
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G
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u
p

B
:

1
0
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,
7
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N
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d
1
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g
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u
t
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g
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e
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ra
d
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b
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d

8
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3
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p
h
o
cy

te
s

B
ac

k
g
ro

u
n
d
-
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.
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n
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ra
d
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[2
4
]

d
R

4
5

p
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e
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n
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r

p
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n
ts

L
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e
P

B
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C
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4
,

8
G

y
;

1
3
7
C

s;
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o
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D
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?
,

C
D

8
?
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d
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4
-
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D
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p
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B
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u
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to
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p
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p
o
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B
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[9
]

P
9
4
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ic
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n
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r

p
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n
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,
4

h
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h
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,
8
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ra
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cG
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m
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4
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d

la
te

A
n
n
ex

in
V

,
P
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p
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v
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f

in
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d
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9
]

e
R

1
0

B
C

p
at

ie
n
ts

an
d

5

H
N

C
w

it
h
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u
te

ra
d
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o
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;

1
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B
C

p
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d

5
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d
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d

n
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k
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o
m
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n
o
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v
e

p
at

ie
n
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n
tr

o
ls

A
cu

te
an

d

la
te

P
B

M
C

in

n
it

ro
g
en

li
q
u
id

.

L
C

L
s

fr
o
m

ea
ch

p
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ie
n
t

0
.4

G
y

an
d

0
.8

G
y
;

6
0

C
o

o
r

1
3
7
C

s;

0
.6

–
2
.0

G
y
/

m
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U
p
o
n

th
aw

in
g
:

ly
m

p
h
o
cy

te
s

2
4

h
/4

8
h
;

L
C

L
s

8
d
ay

s/
4
8

h

E
ar

ly
an

d

la
te

A
n
n
ex

in
V

k
it

,

F
L

C
?

P
I

C
D

3

T
-l

y
m

p
h
o
cy

te
s;

C
D

1
9

B
-l

y
m

p
h
o
cy

te
s;

L
C

L
s

Ir
ra

d
ia

te
d
-i

n
d
u
ce

d

ce
ll

d
ea

th

IC
D
Þ:

C
D

in
d
¼

C
D

x
G

y
�

C
D

0
G

y

�
� =

1
0
0
%
�

C
D

0
G

y

�
�

�
1
0
0
%

0 B B B @

N
o

d
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fe
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n
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s
o
f

IC
D

b
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w
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n
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d
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se
n
si
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v
e
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d

n
o
n
-
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d
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se
n
si
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v
e

p
at

ie
n
ts

B
o
rd

o
n
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.
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]

P
7
9

H
N

C
p
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n
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L
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e
P

B
M

C
1
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,
8

G
y

X

ra
y
s;

5
0

cG
y
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m
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4
h

E
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V
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P
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p
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b
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h
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3
]

P
9
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n
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r

p
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n
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,
4

h
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h
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d
o
n
o
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L
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P
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C
1
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8

G
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ra
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cG
y
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4
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8
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an

d
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A
n
n
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V
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P

I
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F
L

C
C

D
4
5
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m

p
h
o
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te
s;

C
D

4

(C
D

3
?

C
D

4
?

);

C
D

8

(C
D

3
?

C
D

8
?

);

N
K

(C
D

3
-

C
D

1
6

?

C
D

5
6

?
);

B

(C
D

2
0

?
)

B
ac

k
g
ro

u
n
d
-
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ju

st
ed

IA
.

b
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n
st

an
t

v
al

u
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o
f

in
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g
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te
d
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te

an
d
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u
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ap
o
p
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p
h
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P

I
?

F
L

C
C

D
4
5

ly
m

p
h
o
cy

te
s

B
ac

k
g
ro

u
n
d
-

ad
ju

st
ed

IA
.

b
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24, 33]. In contrast, Vokurkova et al. [32] analyzing the

proportion of live intact cells, described that the CD3-

CD8? NK subset was more radiosensitive than CD4 and

CD8 T-lymphocytes.

In addition, in our study the subset of CD8 NK cells

showed the highest level of spontaneous apoptosis com-

pared to the remaining cell types (Fig. 1), while the IA

ratios of this type of NK cells in toxicity and non-toxicity

patients were similar (Fig. 2). According to our results, and

in order to avoid a source of variation, it would be advis-

able to perform the IA assay in CD8 cells with the com-

bination of anti-CD3 and anti-CD8 to distinguish the CD8

NK subset from the pool of CD8? lymphocytes.

The TP53 Arg72Pro polymorphism encodes two p53

variants that significantly affect the biological activity of

p53 [12, 13]. The apoptotic potential of the different forms

of the protein depends on the cell type and cellular envi-

ronment [36]. The current consensus is that p53-Arg72 is

more effective at inducing apoptosis and protecting stres-

sed cells from neoplastic development than p53-Pro72

[12]. However, it is not yet understood how universal these

functional differences between p53-Pro72 and p53-Arg72

might be in different cell types or whether they are relevant

in vivo [12]. In particular, the apoptotic activity of the

codon 72 variants in human lymphocytes irradiated in vitro

is not known.

Although slightly non-significant, the IA ratio of the

total analysed cells in patients with late toxicity was lower

than that of patients without late toxicity only in patients

with Arg72Arg genotype. This difference was not present

in patients carrying at least one Pro allele (Fig. 3). Our

finding, even though based on a low number of individuals,

suggests that the Pro allele may influence the lymphocyte

apoptotic response to in vitro irradiation in patients suf-

fering from late toxicity after radiotherapy.

In summary, our results show that radiotherapy-induced

late toxicity is associated to low levels of IA. Given that the

response to irradiation of CD8 NK cells is different from

that of the T-lymphocytes, it would be advisable to dis-

tinguish the CD8 NK lymphocytes from the pool of

CD8? lymphocytes in IA assays using CD8? cells.

Because of the potential functional role of the TP53

Arg72Pro polymorphism on apoptosis, larger and pro-

spective studies are needed to validate the influence of

72Pro TP53 allele on IA.
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