
ABSTRACT
Background: Precursor B-acute lymphoblastic leuke-

mia (precursor B-ALL) is the most common form of cancer
in children.

The prognostic factors in pediatric precursor B-ALL
mostly include clinical and biological characteristics that
are assessable at diagnosis as well as early treatment
response and outcome. Full-length IL-10 expression and
the splicing-derived IL-10 variant (termed IL-10δ3) were
detected in relapsed ALL samples and had an impact on
disease outcome.

Aim: The purpose of our study was to evaluate whether
the expression of IL-10 and IL-10 isoform, IL-10δ3, could
be of prognostic relevance in childhood precursor B-ALL.

Patients and Methods: Fifty eight children (age 0.9
to 21 years) with precursor B-ALL were included in the
study. They presented to the pediatric oncology department
at NCI, Cairo University, during the time period from the
January 2003 to December 2005. Reverse-transcription
polymerase chain reaction was done on bone marrow
and/or peripheral blood samples to detect IL-10 expression
and/or its isoform IL-10δ3.

Results: Within the total number of 58 patients, full-
length IL-10 and/or IL-10δ3 isoform transcripts were
expressed in 34/58 patients (58.6%), 23/58 cases (39.6%)
expressed isoform IL-10δ3, 19 cases had full length IL-
10 and IL-10δ3 isoform simultaneously while 4 patients
had Isoform IL-10δ3 as the sole variant. Patients expressing
IL-10δ3 had a significantly longer EFS (p=0.005).

Conclusion: IL-10 isoform IL-10δ3, expression was
associated with a favorable prognosis, decreased incidence
of relapse in first complete remission and significantly
better event-free survival in pediatric precursor B-ALL.
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INTRODUCTION

Interleukin-10 (IL-10) is a pleiotropic; ho-
modimeric cytokine produced by a large variety
of cells, including monocytes/macrophages, B
and T lymphocytes, and resident brain cell
populations such as microglia and neurons [1]
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and may act as a cancer-promoting agent [2].
Classically, IL-10 is considered a cytokine with
a wide range of immunosuppressive and anti-
inflammatory activities via the inhibition of
lymphocyte and monocyte function and the
secretion of inflammatory cytokines [3].

The IL-10 gene comprises 5 exons, spans
~5.2KB, and is located on chromosome 1 at
1q31-1q32 [4]. In addition to the full-length IL-
10, there is a splicing-derived IL-10 variant that
lacks the entire exon 3, termed IL-10δ3. The
in-frame splice variant resulting from skipping
of exon 3 does not cause alteration of the trans-
lational reading frame [5]. The exact function
of IL-10 isoform, IL-10δ3, is largely unknown.
Although most splicing derived isoforms have
not been functionally defined, some have been
shown to possess antagonistic activities and to
act competitively with the native cytokines and
receptors [6-8].

Several studies have demonstrated that IL-
10 was associated with therapy outcome in
haematological and non hematological malig-
nancies [9-16].

IL-10 has been detected in the leukemic
cells of most ALL and AML cases and was
reported to suppress the immune reactions,
suggesting that IL-10 could be associated with
escape of leukemia cells from immune surveil-
lance [5,17-19].

Precursor B-acute lymphoblastic leukemia
(precursor B-ALL) is the most common form
of cancer in children [20].

The prognostic factors in pediatric precursor
B-ALL mostly include clinical and biological
characteristics that are assessable at diagnosis
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as well as early treatment response and outcome.
IL-10 might correlate with clinical outcome
in childhood acute lymphoblastic leukaemia
(ALL). Full-length IL-10 expression and the
splicing-derived IL-10 variant (termed IL-10δ3)
were detected in relapsed ALL samples and had
an impact on disease outcome [5].

In this study we evaluated the expression of
IL-10 and its IL-10 isoform IL-10δ3 in 60
children with precursor B ALL to verify its
potential prognostic relevance.

PATIENTS AND METHODS

This was a retrospective study done on sam-
ples available for pediatric patients. Patients
were children with precursor B-ALL presenting
to the Pediatric Oncology Department at NCI,
Cairo University, during the time period from
the January 2003 to December 2005. The study
included 58 newly diagnosed patients. They
were 36 male and 22 female with age ranging
from 11 months to 21 years with a median of
6 years including 2 infants 11 months each.
Written informed consent was obtained from
the patients’ parents and the protocol was ap-
proved by the Institution Research Board of the
NCI, Cairo University.

All patients were subjected to full clinical,
radiological and laboratory investigations in-
cluding chest X-Ray, abdominal Ultrasound,
CSF examination and a full chemistry profile
including liver and kidney function tests, com-
plete blood count (CBC) and bone marrow as-
piration.

Patients were diagnosed according to stan-
dard methods including blood picture, bone
marrow, cytochemistry and immunopheno-
typing.

Immunophenotyping was done using mon-
oclonal antibodies; stained cells were analyzed
on Coulter XL. The Panel included CD1, CD2,
CD3, CD4,CD5, CD7, CD8, CD10, CD19,
CD22, Cytoplasmic µ, anti κ, anti λ, CD13,
CD33, anti class II MHC and TdT [21].

RNA extraction, reverse transcriptase poly-
merase chain reaction (RT-PCR):

Peripheral blood and/or Bone marrow sam-
ples collected on EDTA for RNA preparation
were obtained at the time of diagnosis for the
58 newly diagnosed patients.

Total RNA was extracted from patients’
samples using total RNA isolation kit, (Pure-
script, Gentra Minneapolis USA) according to
the manufacturer’s instructions. RNA was stored
at –80ºC until tested.

Quantification and purity of RNA were de-
termined by measuring the absorbance at 260nm
(A260) and (A280) using a spectrophotometer
(nanodrop). Pure RNA of an A260/A280 ratio
of 1.9-2.1 was used. The integrity and size
distribution of total RNA purified (18S and
28S) was checked by running on 1% agarose
gel electrophoresis for 20 minutes at 80 volts
and ethidium bromide staining. The Gene-
AmpGold RNA PCR Reagent Kit (P/N 4308206
Applied Biosystems) was used for the reverse
transcription (RT) and polymerase chain reaction
(PCR) amplification from total RNA was per-
formed according to the manufacturer’s instruc-
tions.

First-strand cDNA was synthesized from
2µg of RNA using RT reaction. The integrity
of cDNA for all cases was tested by amplifying
the house keeping gene, β actin.

For the detection of IL-10 and its splice
variant, the following primer pair was used [5],
IL-10 sense primer: 5’ATGCACAGCTCAGC-
ACTGCT 3’; IL-10 antisense primer: 5’TCAG-
TTTCGTATCTTCATTGTCAT3’. Amplification
was done in the Thermal Cycler, cycle condi-
tions were as follows: Initial denaturation at
94ºC for 10 minutes, followed by 35 cycles at
94ºC for 45 seconds, 62ºC for 30 seconds, 72ºC
for 1.25 minutes, and a final elongation at 72ºC
for 10 minutes. The amplification products were
separated on 2% agarose gel electrophoresis at
100 volt for 20 minutes and visualized by ethid-
ium bromide staining (Fig. 1). All assays were
done in duplicate. BM samples negative for IL-
10δ3 expression were confirmed by nested PCR.

Treatment:
All enrolled patients were treated according

to NCI protocols modified from the St. Jude
Total XIII protocols. Infants (≤12 months) were
treated according to infantile protocol (inter-
fant 99).

Follow-up time:
Patients were followed-up for a median

follow-up time of 35 months (range 6 month to
72 months).
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Statistical analysis:

Frequencies were calculated for descriptive
purposes. Differences in the distribution of
categorical variables were analyzed by χ2 or
Fisher’s exact test if the frequencies were small
(<5) and by Mann-Whitney U for non-paired
data test. To verify the hypothesis of differences
in mean values among the independent groups
the ANOVA analysis of variance was used.
Analysis of the probabilities of event-free sur-
vival (pEFS) was performed using the Kaplan-
Meier method and the groups were compared
with the log-rank test. Statistical analysis was
done by the SPSS Software for Windows (ver-
sion 18; portable SPSS). Significance was set
to p<0.05 and highly significant to p<0.01.

RESULTS

IL-10 was detected at approximately 540bp,
while isoform IL-10δ3 at 385bp.

The phenotype of the 58 cases was 4 pro B,
28 CALL and 26 pre B.

Full-length IL-10 and/or IL-10δ3 isoform
transcripts were expressed in 34/58 patients
(58.6%), 23/58 cases (39.6%) expressed isoform
IL-10δ3 (Table 1); 19 cases had full length IL-
10 and IL-10δ3 isoform simultaneously while
4 patients had Isoform IL-10δ3 as the sole
variant (Table 2).

There was no statistically significant corre-
lation between IL-10 expression and any of the
tested parameters, age, sex, TLC, Immunophe-
notype, liver and/or spleen size or response to
therapy.

Although not statistically significant, cases
expressing IL-10δ3 showed less incidence of
relapse compared to patients expressing only
the full length IL-10 transcript and/or patients
not expressing IL-10 at detection limit (p=
0.267). A total of 11/58 patients relapsed after
achieving complete remission. They were 6/24
(25%) IL-10 negative, 3/11 (27.3%) expressing
the full length IL-10 and 2/23 (8.7%) patients
expressing the IL-10 and the IL-10δ3 variant.
None of the 4 patients expressing IL-10δ3 as
the sole variant relapsed.

Event free survival (EFS):

Patients expressing IL-10δ3 had a signifi-
cantly longer EFS (p=0.005) (Table 1). The 4

cases expressing IL-10δ3 as a sole variant, all
had an event free course (range 27-70 months)
(Table 2).

In survival curve analysis of predicted event
free survival (pEFS) (Fig. 2), patients with IL-
10δ3 expression had a significantly better pEFS
at five years (p=0.047) compared to patients
expressing only the full length IL-10 transcript
or patients expressing IL-10 below detection
limit (IL-10 negative) (p=0.034 and 0.026,
respectively). Also, when comparing non ex-
pressing IL-10δ3 to IL-10δ3 expressing cases,
pEFS significance became more marked (p=
0.014) at five years (Fig. 3).

IL 10

IL 10δ3

500 bp

L1 L2 L3 L4 L5

Fig. (1): Expression of IL-10 and isoform IL-10δ3 in
precursor B-ALL.

: IL 10 positive case (540bp).
: 100 bp molecular weight marker (reference band 500bp).
: Negative control.
: IL 10 positive and IL 10δ3 positive case (540bp and

385bp).
: IL 10δ3 only positive cases (385bp).
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Fig. (2): Correlation between IL-10 expression and pEFS
in pediatric precursor B-ALL patients.
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DISCUSSION

IL-10 is an immunoregulatory cytokine and
its main biological function is limitation and
termination of inflammatory responses. IL-10
also regulates differentiation and proliferation
of several immune cells [22]. Antiangiogenic
properties of IL-10 have also been described
[23]. Thus, its dual role as immunosuppressive
and antiangiogenic cytokine may have both

promoting and inhibiting effect on tumor devel-
opment and progression [24].

Studies confirmed the secretion of IL-10 by
leukemic cells in bone marrow specimens of
children with relapsed ALL [18]. Also, pre-
treatment serum levels of IL-10, IL-12 and IL-
10/IL-12 balance in children with Soft Tissue
Sarcoma, Hodgkin’s Lymphoma and ALL might
be of value as additional prognostic tools to
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Table (1): Correlation between event free survival and IL-10 expression in precursor B-ALL patients.

Number (%)
EFS (months)
median
Range

IL: Interleukin,
*  : Statistical significance: p≤0.05.

p value

0.005*

Total

58 (100%)

IL-10δ3 isoform

23 (39.7%)

41
(6-70)

IL-10 full length

11 (18.9%)

27
(5.4-30.5)

IL-10 negative

24(41.4%)

8
(0-32)

Table (2): Features of the 4 precursor B-ALL patients expressing IL-10δ3.

Age (years)
Sex
TLC (x109/L)
Liver below costal margin (cm)
Spleen below costal margin (cm)
CD34 positivity
CR
Relapse
Status
EFS (months)
OS (months)
Others

IL : Interleukin.
CR: Complete remission.

IL-10δ3

Case 1

10
F
6.77
2
3
Yes
Yes
No
alive
27
27
t(4;11)

8
M
101
Free
Free
Yes
Yes
No
alive
44.13
44.13
none

Case 2

11
M
67
2
6
Yes
Yes
No
alive
43.66
43.66
none

Case 3

6
F
57.47
Free
Free
Yes
Yes
No
alive
70
70
none

Case 4

EFS: Event free survival.
OS  : Overall survival.
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Fig. (3): Correlation between IL-10δ3 expres-
sion and pEFS in pediatric precursor
B-ALL patients.
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predict the response to therapy and probability
of event free survival (EFS) and overall survival
(OS) [25].

Results in AML were contradictory. A report
proposed that IL-10 contributed to T-regulatory
(Treg) mediated suppression; Treg were reported
to control peripheral immune tolerance and their
accumulation in the peripheral circulation of
AML patients mediate vigorous suppression.
Hence, patients with lower Treg frequency at
diagnosis were shown to have a better response
to induction chemotherapy [16], while in the
other, IL-10 was not found to be correlated with
CR, survival, or EFS [14].

The involvement of IL-10 expression in
childhood ALL has been suggested in various
studies [5,26,27]. Also, published reports con-
nected genotype of IL-10 with sensitivity for
steroid therapy and proposed to include this
feature into prognostic factors, especially in
children with disease relapse [26,27]. IL-10 gene
polymorphism studies suggested a correlation
between the IL-10 genotype and prednisone
response in childhood ALL. Patients displaying
the IL-10 G/G genotype might have a lower
risk for poor prednisone response [12].

Similar to our findings other reports suggest-
ed that the splicing-derived IL-10 isoforms may
modulate IL-10-mediated biologic effects and
therapeutic efficacy in lymphatic disease and
expression of IL-10δ3 is a positive prognostic
feature in childhood ALL [27]. Our data showed
a possible modulatory role of IL-10δ3 particu-
larly in the decreased incidence of relapse.
Cases expressing IL-10δ3 showed less incidence
of relapse compared to patients expressing only
the normal IL-10 transcript and/or patients
expressing IL-10 below detection limit. In our
study, none of the 4 patients expressing IL-10δ3
as a sole variant relapsed. Interestingly, one of
the cases was a pro B, harboring t(4;11) rear-
rangement, a situation that is known to be of
poor prognosis, yet the patient had an event
free course, EFS and OS of 27 months. Howev-
er, the follow-up period is not long enough to
exclude the possibility of relapse at a later point
of time.

In conclusion, we report that in childhood
precursor B-ALL, IL-10 isoform, IL-10δ3, ex-
pression might be associated with a favorable
prognosis, decreased incidence of relapse in
first complete remission and statistically better

event-free survival. Screening of a larger group
of patients is needed to confirm, the unfavorable
impact of the lack IL-10 isoform IL-10δ3 ex-
pressions and if its presence might have a pro-
tective role, so therapy and management of
patients would be modified accordingly.

REFERENCES
1-   Zwijnenburg PJ, Van Der Poll T, Florquin S, Roord

JJ, Van Furth AM. Interleukin-10 Negatively Regulates
Local Cytokine and Chemokine Production but Does
Not Influence Antibacterial Host Defense during
Murine Pneumococcal Meningitis. Infect Immun.
2003, 71: 2276-9.

2-   Lech-Maranda E, Baseggio L, Bienvenu J, Charlot
C, Berger F, Rigal D, Warzocha K, et al. Interleukin-
10 gene promoter polymorphisms influence the clinical
outcome of diffuse large B-cell lymphoma. Blood.
2004, 103: 3529-34.

3-   Pestka S, Krause CD, Sarkar D, Walter MR, Shi Y,
Fisher PB. Interleukin-10 and related cytokines and
receptors. Annu Rev Immunol. 2004, 22: 929-79.

4-   Eskdale J, Kube D, Tesch H, Gallagher G. Mapping
of the human IL10 gene and further characterization
of the 5' flanking sequence. Immunogenetics. 1997,
46: 120-8.

5-   Wu S, Gessner R, Taube T, von Stackelberg A, Henze
G, Seeger K. Expression of Interleukin-10 Splicing
Variants Is a Positive Prognostic Feature in Relapsed
Childhood Acute Lymphoblastic Leukemia. J Clin
Oncol. 2005, 23: 3038-42.

6-   Atamas SP, Choi J, Yurovsky VV, White B. An al-
ternative splice variant of human IL-4, IL-4 delta 2,
inhibits IL-4 stimulated T cell proliferation. J Immunol.
1996, 156: 435-41.

7-   Tsytsikov VN, Yurovsky VV, Atamas SP, et al. Iden-
tification and characterization of two alternative splice
variants of human interleukin-2. J Biol Chem. 1996,
271: 23055-60.

8-   Wagner K, Kafert-Kasting S, Heil G, et al. Inhibition
of granulocyte-macrophage colony-stimulating factor
receptor function by a splice variant of the common
beta-receptor subunit. Blood. 2001, 98: 2689-96.

9-    Iversen PO, Hart PH, Bonder CS, Lopez AF. Inter-
leukin (IL)-1O, but not IL-4 or IL-13, Inhibits Cytokine
Production and Growth in Juvenile Myelomonocytic
Leukemia Cells. Cancer research. 1997, 57: 476-80.

10- Holler E, Roncarolo MG, Hintermeier-Knabe R,
Eissner G, Ertl B, Schulz U, et al. Prognostic signifi-
cance of increased IL-10 production in patients prior
to allogeneic bone marrow transplantation. Bone
Marrow Transplantation. 2000, 25: 237-41.

11-  Guedez L, Mansoor A, Birkedal-Hansen B, Lim MS,
Fukushima P, Venzon D, Stetler-Stevenson WG, et
al. Tissue inhibitor of metalloproteinases1 regulation
of interleukin-10 in B-cell differentiation and lym-
phomagenesis Blood. 2001, 97: 1796-802.



34

12- Lauten M, Matthias T, Stanulla M, Beger C, Welte K,
Schrappe M. Association of initial response to pred-
nisone treatment in childhood acute lymphoblastic
leukaemia and polymorphisms within the tumour
necrosis factor and the interleukin-10 genes Leukemia.
2002, 16: 1437-42.

13- Soria JC, Moon C, Kemp BL, et al. Lack of inter-
leukin-10 expression could predict poor outcome in
patients with stage I nonsmall cell lung cancer. Clin
Cancer Res. 2003, 9: 1785-91.

14-  Tsimberidou AM, Estey E, Wen S, Pierce S, Kantarjian
H, Albitar M, et al. The Prognostic Significance of
Cytokine Levels in Newly Diagnosed Acute Myeloid
Leukemia and High-risk Myelodysplastic Syndromes.
Cancer, 2008; 113: 1605-13.

15- Coupland SE, Chan CC, Smith J. Pathophysiology
of Retinal Lymphoma. Ocul Immunol Inflamm. 2009,
17 (4): 227-37.

16- Szczepanski MJ, Szajnik M, Czystowska M, Manda-
pathil M, Strauss L, Welsh A, et al. Increased Fre-
quency and Suppression by Regulatory T Cells in
Patients with Acute Myelogenous Leukemia Clin
Cancer Res. 2009, 15: 3325-32.

17-  Salazar-Onfray F. Interleukin-10: A cytokine used by
tumors to escape immunosurveillance. Med Oncol.
1999, 16: 86-94.

18- Kebelmann-Betzing C, Körner G, Badiali L, et al.
Characterization Of Cytokine, Growth Factor Receptor,
Costimulatory And Adhesion Molecule Expression
Patterns Of Bone Marrow Blasts In Relapsed Child-
hood B Cell Precursor ALL. Cytokine. 2001, 13: 39-
50.

19- Schulz U, Munker R, Ertl B, Holler E, Kolb HJ.
Different types of human leukemias express the mes-
sage for TNF-alpha and interleukin-10. Eur J Med
Res. 2001, 6: 359-63.

20- Pui CH, Campana D, Evans WE. Childhood acute
lymphoblastic leukaemia: Current status and future
perspectives. Lancet Oncol. 2001, 2: 597-607.

21- Kamel AM, El-Sharkawy N, Moussa H, Yassin D,
Abdel Hamid T, Shaaban K, El-Nahass Y. MPO An-
tigen Negative HLA DR Negative Acute Myeloid
Leukemia: Is it a separate clinical entity? Journal of
Egyptian Society of Hematology and Research. 2005,
1: 31-41.

22-  Mocellin S, Marincola FM, Young HA. Interleukin-
10 and the immune response against cancer: A coun-
terpoint. J Leukoc Biol. 2005, 78: 1043-51.

23- Huang S, Xie K, Bucana CD, Ullrich SE, Bar-Eli M.
Interleukin 10 suppresses tumour growth and metasta-
sis of human melanoma cells: Potential inhibition of
angiogenesis. Clin Cancer Res. 1996, 2: 1969-79.

24- Howell WM, Rose-Zerilli MJ. Cytokine gene poly-
morphisms, cancer susceptibility, and prognosis. J
Nutr. 2007, 137: 194S-9S.

25- Bien E, Balcerska A, Adamkiewicz-Drozynska E,
Rapala M, Krawczyk M, Stepinski J. Pre-treatment
serum levels of interleukin-10, interleukin-12 and
their ratio predict response to therapy and probability
of event-free and overall survival in childhood soft
tissue sarcomas, Hodgkin's lymphomas and acute
lymphoblastic leukemias. Clin Biochem. 2009, 42:
1144-57.

26-  Wu MS, Wu CY, Chen CJ, Lin MT, Shun CT, Lin JT.
Interleukin-10 genotypes associate with the risk of
gastric carcinoma in Taiwanese Chinese. Int J Cancer.
2003, 104: 617-23.

27- Wu S, Gessner R, Von Stackelberg A, Kirchner R,
Henze G, Seeger K. Cytokine/cytokine receptor gene
expression in childhood acute lymphoblastic leukemia:
Correlation of expression and clinical outcome at first
disease recurrence. Cancer. 2005, 103: 1054-63.

Does Isoform IL-10δ3 Expression Have a Protective Role


	B.5

