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ABSTRACT

Background: Acute lymphoblastic leukemia is marked by the abnormal clonal expansion of early
hematopoietic precursor cells in the bone marrow. In Mosul City, acute lymphoblastic leukemia is the most
common form of leukemia, underscoring the importance of comprehensive evaluation and treatment.
Objectives: To evaluate the serum levels of interleukin 6 and interleukin 10 in patients newly diagnosed
with Acute lymphoblastic leukemia and to assess their correlation with clinical and laboratory parameters.
Method: A case-control study, conducted in Nineveh Province from January to October 2024, included 30
newly diagnosed acute lymphoblastic leukemia patients and 30 healthy controls. Hematological, biochemical
tests and serum interleukin 6 and interleukin 10 levels (measured by ELISA), were performed at diagnosis
and post-induction chemotherapy.

Result: At diagnosis, the mean levels of hemoglobin and platelets in patients were significantly lower than
those in healthy controls. In contrast, serum levels of interleukin 6, interleukin 10, and the percentage of blast
cells in both peripheral blood and bone marrow were significantly higher. After induction chemotherapy,
acute lymphoblastic leukemia patients exhibited a significant reduction in interleukin 10 and interleukin 6
levels and a reduction in blast percentages, along with increases in hemoglobin and platelet counts. A
significant correlation was found between interleukin 6 and interleukin 10 levels and the percentage of blast
cells pre-and post-treatment. In acute lymphoblastic leukemia patients with low interleukin 6 and interleukin
10 levels, complete remission was achieved.

Conclusion: Interleukin levels decrease post-induction chemotherapy, with lower levels linked to remission
and higher levels to incomplete remission, suggesting their potential role as a biomarker for disease
progression and treatment response.

Keywords: Acute Lymphoblastic Leukemia, Chemotherapy, Hematological Parameters, Interleukin 6,
Interleukin 10.
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INTRODUCTION

A cute lymphoblastic leukemia (ALL) is
characterized by the abnormal proliferation of
hematopoietic lymphoid precursors resulting in the
accumulation of malignant clones in the bone
marrow, with release into peripheral blood and
extramedullary tissues *. The etiology of ALL is
unknown, but a number of genetic and
environmental factors have been associated with
the risk for leukemia 2. It has been stated that
inflammation plays an essential role in cancer
initiation and proliferation. The key point is the
balance between the Ero—inflammatory and anti-
inflammatory cytokines

Interleukin-10 (IL-10), a key cytokine in immune
regulation, has been shown to play a dual role in
the development and progression of ALL *
Interleukin-6 (IL-6) has an important role in
malignancy and its progression and severity. It is
produced by leukemia blast cells and helps
maintain cancer stem cells in the
macroenvironment Therefore, a thorough
evaluation of hematological parameters, along with
markers such as IL-6 and IL-10, could play a
crucial role in improving future treatment strategies
and prognosis for ALL patients !

The study aims to assess levels of IL-6 and IL-10
in newly diagnosed acute lymphoblastic leukemia
(ALL) patients before and after induction
chemotherapy. It seeks to correlate these
interleukins with hematological parameters and
post-induction remission outcomes.

MATERIALS AND METHODS

Patients

This observational case-control study was
approved by the Council of the Iragi Board of
Medical Specialization, the hematology department
at Ibn-Sina Teaching Hospital, Al-Hadbaa
Teaching Hospital, and the Ministry of
Health/Nineveh Health Department (protocol
N0.2024137).
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A written consent form was obtained from all
participants before the study was conducted.

The study was performed in Nineveh Province at
Al-Hadbaa Teaching Hospital and Ibn-Sina
Teaching Hospital from January 2024 to October
2024.

It included 30 newly diagnosed acute
lymphoblastic leukemia (ALL) patients, confirmed
through complete blood count (CBC), blood films,
Bone marrow aspiration, and flow cytometry.
Additionally, 30 healthy individuals matched by age
and sex served as a control group, CBC and blood
films were done for them and they were normal.

Inclusion and Exclusion Criteria

Inclusion criteria included all newly diagnosed
ALL patients of any age and gender, while
exclusions criteria included Patients previously
diagnosed with ALL, those on maintenance
therapy, or experiencing relapses, and those with
active infections or inflammation due to elevated
interleukin (IL) levels.

Clinical Examination and

Collection

Data were collected from all participants,
including age, residence, drug usage, and chronic
inflammatory disease histories.

Each patient underwent a physical examination
and received hematological and biochemical tests,
Blood samples (4 ml) were collected before and
after chemotherapy induction.

CBC was analyzed with an automated Sysmex
XN-350 analyzer and bone marrow smears were
examined.

Serum IL-6 and IL-10 levels were measured using
sandwich  ELISA  (manufacturer  Chromate
Awareness Technology Inc, sensitivity for IL-10
1.04ng/ml and IL-6 1.03 ng/l, detection range 405
to 630 nm, country USA, serial no0.4300-3834)
techniques with specific kits.

Sample
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Statistical Analysis

Data were analyzed using IBM-SPSS 26 and
summarized in Excel 2010. Normality was tested
with the Shapiro-Wilk test. Categorical data were
reported as frequencies, numerical data as means,
and standard deviations. One-way ANOVA and
Tukey's post hoc test evaluated multiple groups,
and paired t-tests assessed group differences.
Pearson correlation coefficients were calculated,
with p < 0.05 considered significant.

RESULTS

The study included thirty patients with ALL, 17
male and 13 female. Thirty age and sex-matched
healthy controls were included in this study. The
mean age of patients of B-ALL (14.18+13.681), T-
ALL (27.25+12.892) years, and the mean age of
control was (17.66+14.498) years. According to
sex male predominance was noticed representing
56.7% with male to female ratio found to be 1.30:1
Table (1) demonstrated that the mean of
hemoglobin (Hb) and platelets in B-ALL, and T-ALL
were lower in patients than among control, with
statistical significance (p value=0.000). On the
other hand, the mean of white blood cells (WBC),
and level of IL-6 and IL-10 were significantly higher
in patients than those in control (p value=0.000).

Table 1. Hematological parameters, IL6, and IL10
levels in B-ALL, T-ALL patients and control at the
time of diagnosis.

After

induction

Hiba Khalid Mhemid

chemotherapy,

there

were

statistically significant differences in the mean of
Hb, platelet, IL6, and IL10 levels as illustrated in
Table (2).

Table 2. Comparison between hematological
parameters, IL6, and IL10 levels in B-ALL and T-
ALL patients after induction chemotherapy.

c
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12.54+1.148|10.94+2.412 | 12.16+2.206
Hb (g/dl) . . o 0.011
WBC (x
109/L) 7.31+2.716 | 11.02+8.795|11.00+10.623| 0.116
Platelet |276.33+62.9|191.45+102. |203.37+115.3 0.002
(x109/L)  65A 28 B 82 AB :
IL6 | 5.3748.367 |g 45.7 188 B/ 2.80+3.959 A| 0.018
(pg/ml) A
IL10 4.21x4.189 9.25+5.134 B|1.80+1.730 A| 0.033
(pg/ml) A
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Hb (g/dl)|12.54+1.148 A|7.62+1.554 B|7.56+0.663 B|0.000
WBC (x 49.13+41.546(34.19+27.397
10°0) | 73182716 A B B 0.000
Platelet (276.33+62.965/53.13+48.658(62.87+58.244| )
(x 10°/L) A B C '

IL6 | ¢ 57,0367 o |74-31£74.68641.75£63.986)
(pg/ml) B Cc

ILLO | 4 51,4180 A (86-36+54.08978.25£45.703 )
(pg/ml) B B

*One-way ANOVA with Tucky post hoc test;
similar letters mean no significant difference while
different letters mean a significant difference
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*One—-way ANOVA with Tucky post hoc test;
similar letters mean no significant difference while
different letters mean a significant difference

According to Table 3, WBC, percentage of blasts
in peripheral blood (PB%), percentage of blasts in
bone marrow (BM%), IL-6, and IL-10 were
significantly higher in the pre-induction phase than
in the post-induction phase for both B-ALL and T-
ALL (p = 0.000). In contrast, both B-ALL and T-ALL
patients had significantly lower platelet and Hb
levels before induction.
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Table 3. The comparison of hematological
parameters, IL6, and IL10 levels in B-ALL and T-
ALL patients in pre-induction and post-induction.
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Post-induction, Table 5 depicts that IL-6 had a
moderate inverse correlation with hemoglobin (Hb;
r = -0.652, p = 0.002) and significant positive
correlations with blast percentages in peripheral
blood (PB; r = 0.379, p = 0.033) and bone marrow
(BM; r = 0.259, p = 0.041), while its correlations
with WBC and platelet counts were not significant.
In  contrast, IL-10 presented mild positive
correlations with blast percentages in PB (r =
0.338, p = 0.026) and BM (r = 0.225, p = 0.017),
with no other significant correlations observed.

Table 5. Correlations of IL6 and 10 IL with the
Hematological parameters in post-induction.
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Hb (g/dl) g5, | 410 0000 ge3 6 1
WBC |49.13%/11.02¢8.  134.19+2/11.00£10.6/0.00
(x109/L) 41.546] 795 °990 7397 ' 23 | 0
Platelet |53.13% 191.45% | 62.87+5/203.37+11/0.02
(x 109/L) 48.658| 102.288 0990 8244 5382 | 5
Blast |28.13 3.95:7.2 15.12+1 0.04
PB% (25927 66 (0000 3440 3124883875
Blast |60.04% 13.38£2 | 69.00+210.87+26.30.00
BM% (24271 1715 2990 3065 | 20 | 2
IL6 | 74.31%|9.45+12. 41.75+6 0.00
(pg/ml) |74.686 188 0000 3ggg 2:80%3.959 7,
IL10 |86.36+|9.25+15. 78.25:+4 0.00
(pg/ml) |54.080 134 0000 5703 1:80£1.730 7

*Paired t-test has been used

Pre-induction, in Table 4 IL-6 displayed a mild
positive correlation with PB% (r = 0.381) and BM%
(r = 0.379), both of which were statistically
significant (p = 0.042 and p = 0.039). There was no
significant correlation between IL-6 and WBC, HB,
or platelets.

Furthermore, IL-10 exhibited a weak direct
correlation with blasts in PB% (r = 0.255) and
BM% (r = 0.252), both statistically significant (p =
0.025 and p = 0.027). No significant correlations
were detected with the other study parameters.

Table 4. Correlations of IL6 and IL10 with the

IL-6 IL-10
parameters | r-value |p-value* | r-value |p-value*
Hb (g/dl) | -0.652 | 0.002 | -0.073 | 0.702
VX(E)‘%X 0.338 | 0.067 | 0.079 | 0.678
P'i‘toeg'/% @ | 0152 | 0421 | 0.035 | 0.854
Blast PB% 0.379 0.033 0.338 0.026
Blast BM% 0.259 0.041 0.225 0.017

* Pearson's correlation test

Table (6) shows that the mean IL6 and IL10 in
remission were lower than those among relapse.
The statistical significance of these differences was
established at p=0.013 and p=0.036, respectively.

Table 6. Variation of IL6 and IL10 in ALL patients
in remission and relapse.

Hematological parameters in pre-induction.
IL-6 IL-10 Patients
parameters | r-value |p-value*| r-value |p-value* p-
) i Remission | Relapse value*
Hb (g/dl) 0.007 | 0.970 0.349 | 0.059 Mean+ SD | Mean+ SD
VX(E)’)QC/:Lgx 0.215 | 0.643 | 0.025 | 0.895
IL6

PI?B%I/eLt)(x 20046 @ 0811 | -0.083 | 0.664 (pg/ml) 3.05+2.014 | 25.83+13.044 | 0.013

Blast PB% | 0.381 | 0.042 | 0.255 | 0.025 IL10
mi 2.44+1.662 | 31.20+20.216 | 0.036

Blast BM% | 0.379 | 0.039 | 0.252 | 0.027 (pg/ml)

* Pearson's correlation test
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DISCUSSION

ALL is a prevalent type of malignancy with a peak

incidence between (1-4) vyears in children.
Generally, ALL shows a favorable response to
treatment. Interleukins have an important role as
immune modulators and the promotion of
lymphocyte differentiation and in the regulation of
cell proliferation. Therefore, this is a privileged
position in the occurrence and development of
ALL® The study included 30 ALL patients and 30
healthy controls. The average age of B-ALL
patients was 14.18+13.68 years, and for T-ALL
patients, it was 27.25+12.89 years, while the
control group's mean age was 17.66+14.50 years.
No significant age difference between the patients
and controls was observed (P = 0.087), while in
Nizzamani, et al.?, the mean age of ALL patients
was 7.5+3.2 years. This variation could be related
to the difference in the age group taken in this
study which included both pediatric and adult
patients ° The current study found that 56.7% of
the patients were male, while 43.3% were female;
these results are closely aligned with the study
done by Kashmola et al in Mosul 2010 *°, which
reported 62.9% male and 37.1% female patients.

At the time of diagnosis, the mean of WBC was
statistically higher than those among the control; a
similar finding was found in Korean study **. This
can be explained by the malignant transformation
of pluripotent hematopoietic stem cells that causes
leucocytosis and increased blasts.

In this study, the serum level of IL 6 in the pre-
induction phase of chemotherapy was statistically
significantly higher in B-ALL and T-ALL than those
in control. This is comparable with Saxena, D et
al.*> and Abd El Maksoud et al**.

This is due to various cytokines produced by the
leukemic blast cells including IL-6 which maintains
the malignant stem cells microenvironment, hence,
supports the proliferation of leukemic cells *%.

The serum level of IL 10 was significantly
increased in B-ALL and T-ALL patients before
induction chemotheraj)y when compared with
control. Radwan et al **, agreed with these results.

After chemotherapy induction in B-ALL patients,
the study revealed a significant increase in mean
Hb and platelets compared to the pre-induction
phase. This agrees with Jatav et al,">. On the other
hand, the percentage of blast cells in both BM and
PB was statistically lower than those before the
induction of chemotherapy. This is in line with
Ayyanar P. et al’®. Regarding T-ALL after
chemotherapy, the mean of Hb and platelets were
significantly higher than those before
chemotherapy. Additionally, the percentage of
blasts in PB% and B.M were also statistically lower
than those in the pre-induction phase. This is
comparable with Hoezler D. et al*’.

Ann Coll Med Mosul June 2025 Vol. 47 No.1
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On the other hand, the serum level of IL-6 and IL-
10 decreased after chemotherapy in both T-ALL
and 1B—ALL. This result is comparable with Yang Y.
Etal".

This can be explained by that chemotherapy
induction acts as an inhibitory factor on blast cells
which may result in the correction of hematological
parameters, decreasing blast count and the levels
of IL-6, and IL-10. It is noteworthy that the high
levels of IL6, and IL-10 decreased in response to
chemotherapy, which suggests that measuring the
level of cytokines may assist in the evaluation of
therapeutic measures *°.

During the pre-induction phase, IL-6 correlated
positively and directly with blasts in PB and BM. No
significant correlations were found with WBC, Hb,
or platelets, aligning with results from Sugiyama H
etal. *®*.

IL-10 showed weak direct correlations with blasts
in PB% and BM% While no statistically significant
correlations were found with remaining study
parameters. A study by Madleen A. et al.  also
reported significant correlations between IL-10 and
bone marrow blasts. This might be attributed to the
fact that IL-6 and IL-10 are cytokines secreted from
the blast cells, so when the blast increases, the
interleukin levels are also increased.

During the post-induction phase, a moderate
inverse correlation was found between IL-6 levels
and Hb. Direct correlations were also observed
with blasts in PB% and BM%. No significant
correlations were found with WBC or platelets. This
aligns with studies by Kushwaha et al. **, Madleen
A.etal. % and Wu et al. %,

This could be interpreted as the impact of
chemotherapy in eradicating cancer cells and
enhancing bone marrow function, leading to
reduced cytokine levels and increased Hb levels.

For IL-10, mild direct correlations with blasts in
PB% and in BM% were noted, with no significant
correlations with other parameters.

'Il'ggazsge findings are consistent with Bruserud O. et
al. =,

The study found that patients with low IL-6 levels
achieved remission, whereas those with high IL-6
levels experienced relapse, with statistically
significant results. Similar findings were observed
for IL-10, where lower levels correlated with
remission, while higher levels were associated with
relapse. These results align with previous studies
by Noorhan & Zedan®, as well as research
conducted in China, Ayyanar P. et al 18,
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CONCLUSION

At diagnosis, acute lymphoblastic leukemia (ALL)
patients exhibited significantly higher IL-6 and IL-
10 levels than healthy controls. While these levels
generally decreased after induction chemotherapy,
a positive correlation was found between
interleukin (IL-6, IL-10) levels and blast percentage
in both PB% and BM%, both before and after
treatment. These findings pave the way for new
research in tumor immunotherapy. Moreover, the
study revealed that lower IL-6 and IL-10 levels
correlated with remission, while higher levels were
associated with relapse.
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