The Iraqi Postgraduate Medical Journal 2026; Vol. 25 (1)

OPEN (3} ACCESS Research Paper

Evaluation the Level of Interleukin-6 and Interleukin-10 in
Patients with Acute Myeloid Leukemia
(Interleukins in Acute Myeloid Leukemia)

Hiba Nitham Aldeen ', Muna Abdulbasit Kashmoola ?

ABSTRACT:

BACKGROUND:

Acute Myeloid Leukemia (AML) is a hematopoietic stem cell disease. IL-6 and IL-10 play critical
roles in AML pathogenesis; IL-6 regulates hematopoiesis and leukemic blast formation, and IL-10
inhibits pro-inflammatory responses in leukemic cells.

OBJECTIVE:

To evaluate IL-6 and IL-10 levels in AML patients and assess their correlation with clinical and
laboratory parameters.

PATIENTS AND METHODS:

A case-control study, conducted in Nineveh Province from January to October 2024, included
30 newly diagnosed AML patients and 30 healthy controls. Hematological and biochemical tests,
including Complete Blood Count, bone marrow aspirate, flow cytometry, and serum IL-6 and IL-10
levels (measured by ELISA), performed at diagnosis and post-induction chemotherapy and compared
to the control group.

RESULTS:

The mean age of AML patients was 37.8+21.5 years and controls were 36.8+22.1 years, with male-to-
female ratio of 1:1.50. At diagnosis, IL-6 and IL-10 levels were significantly higher in AML
patients than controls (p=0.000). IL-6 was negatively correlated with hemoglobin (p=0.002) and
platelets (p=0.021) and positively correlated with  bone  marrow  blasts  (p=0.035).IL-
10 levels negatively correlated with hemoglobin (p=0.022) and platelets (p=0.040). Post-induction,
hemoglobin and bone marrow blast percentage significantly improved. IL-6 and IL-10 levels decreased
but remained high compared to controls. Post-induction IL-6 and IL-10 did not correlated with
hematological parameters. Pre-and post-induction comparisons showed significant increases in
hemoglobin and decreases in bone marrow blasts (p=0.000). IL-6 and IL-10 levels were lower in
remission than in relapsed cases (p=0.000).

CONCLUSION:

IL-6 and IL-10 levels were significantly higher in AML patients than controls, correlating with
hemoglobin, platelets, and bone marrow blasts at diagnosis and post-induction. Both cytokines
decreased after induction but remained elevated in relapsed cases, suggesting they could be useful
biomarkers for monitoring AML therapy and progression.
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INTRODUCTION:

Acute Myeloid Leukemia (AML) is a group of
hematopoietic stem cell disorders characterized
by the accumulation of myeloblasts in the bone
marrow and peripheral blood, leading to
impairment of the hematopoietic system and loss
of normal function, often resulting in fatal
complications ). Both environmental and genetic
factors contribute to its development @,
Pathophysiology involves clonal proliferation of
myeloid precursors due to genomic and
cytogenetic abnormalities . Dysregulated
cytokine signaling creates a pro-tumorigenic
microenvironment, affecting the proliferation and

survival of leukemic cells, contributing to chronic
inflammation and  potentially  promoting
hematological malignancies. Pro-inflammatory
cytokines (IL-1B, TNF-a, IL-6) increase AML
aggressiveness, while anti-inflammatory
cytokines (TGF-, IL-10) impede progression ¢,
IL-6 is a pleiotropic multifunctional cytokine that,
besides its important function as an acute phase
protein in inflammation ©, plays a key role within
the network of cytokines involved in the
regulation of hematopoiesis and leukemic blast
formation ¥ In the setting of leukemias, IL-6
appears to have both stimulatory as well as
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inhibitory effects on clonogenic blast growth,
reflecting the heterogeneous biology of this
disease 19, Interleukin-10 (IL-10), a major anti-
inflammatory cytokine, limits immune responses,
potentially allowing leukemia cells to escape
immune surveillance 1,

PATIENTS AND METHODS:

Study design and setting

This observational case-control study was
conducted in Nineveh Province at Al-Hadbaa and
Ibn-Sina Teaching Hospitals from January to
October 2024. It included 30 newly diagnosed
acute myeloid leukemia (AML) patients and 30
healthy controls.

Participants

Participants were newly diagnosed AML cases
consecutively according to the inclusion criteria
and the controls selected as healthy subjects with
matched age and gender.

Inclusion and exclusion criteria

Inclusion criteria were newly diagnosed AML
patients of any age and gender, while exclusions
included previous AML diagnoses, patients on
maintenance therapy, relapsed cases, and those
with active infections or inflammation.

Ethical considerations

Ethical approval was obtained from the Ministry
of Health / Nineveh Health Department (Order
No. 2024171), and verbal consent was provided
by all participants.

Clinical examination and sample collection

Clinical assessments included detailed history,
physical examination, and blood sampling. 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 for IL-6 1.03 ng/l, detection range 405 to 630

nm, country USA, serial no.4300-3834)
techniques with specific kits.
Data Analysis

Data were summarized using Excel 2010 and
analyzed with IBM-SPSS 26. Normality was
tested with the Shapiro-Wilk test, and parametric
tests were used. Categorical data were presented
as frequencies and proportions, while numerical
data were expressed as means =+ standard
deviations. Independent t-tests were used for
comparisons.

RESULTS:

The mean age among cases was 37.8+21.5
years, and among controls were 36.8+22.1
years. Age distribution: 3 patients <10 years, 4
patients 10-18 years, and 23 patients >18 years.
For controls: 5, 6, and 19 in these age groups,
respectively, as shown in Figure (1).
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Figure 1: Distribution of the study groups according to age intervals.
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The mean hematological parameters were
compared between cases and the control group at
time of diagnosis (Table 1). Mean hemoglobin
(Hb) level and platelet count were significantly

lower in cases compared to controls (p=0.000 for
both). Mean WBC level was significantly higher
in AML cases and IL6 and IL10 levels were
higher in cases than in the control group.

Table 1: Hematological parameters , IL6 and IL10 variation;
in AML cases and control at times of diagnosis.

*t-test for independent two means

Table (2) shows IL6 correlation with
hematological parameters at diagnosis. IL6 was
significantly and indirectly correlated with
hemoglobin (r = -0.517; p = 0.002) and platelet
count (r=-0.215; p=0.021) and Significant direct
correlation with BM blasts (r = 0.442; p = 0.035).

Hematological Cases Controls
Parameters,]L6&IL10 Mean=+ SD Mean+ SD p-value*
Hb (g/dl) 8.3+2.2 12.9+0.7 0.000
WBC (X10°/L) 21.9+30.1 6.7£2.3 0.007
Platelet (X10°/L) 68.6+66.7 255.7+66 0.000
BM. Blasts % 74.2+12.3 S S
P. Bl Blasts % 393+13.3 | eeeeem | e
IL6 (pg/ml) 77.2+81.5 3.56+0.59 0.000
IL10 (pg/ml) 123.8+79.7 7.29+4.07 0.000

No significant correlation with WBC counts or PB
blasts. IL10 showed weak but statistically
significant indirect correlations with Hb level and
platelet count (r = -0.396; p =0.022 and r =
-0.221; p = 0.040, respectively).

Table 2: Correlation of IL6 and IL 10 with hematological parameters at time of diagnosis.

IL Parameter r-value Asymp.Std. Error® | Approx. T° p-value*
‘ IL6 Hb (g/dD) -0.517 0.211 4.650 0.002¢
WBC (X 10°/L) 0.163 0.265 0.754 0.531¢
Platelet (X 10°/L) -0.215 0.034 -1.823 0.021¢
Blastin PB% 0.114 0.329 0.218 0.477¢
Blastin BM% 0.442 0.187 3.998 0.035¢
IL10 Hb (g/dl) -0.396 0.145 0.691 0.022
WBC (X 109/L) 0.411 0.254 0.559 0.326¢
Platelet (X 109/L) -0.221 0.170 1.200 0.040c¢
Blast in PB% 0.484 0.236 2.011 0.108¢
Blast in BM% 0.252 0.231 0.574 0.619¢

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

c. Based on normal approximation.
* Pearson's correlation test

At the post-induction stage, the hematological
differences between cases and the control group
showed significant statistical differences for all

parameters (Table 3) also IL6 (56.9+27.5 pg/mL)
and IL10 (80.49+70.17 pg/mL) levels in AML
cases were significantly higher than in the control

group.
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Table 3: Hematological parameters, il6 and il 10 variation; AML cases and control post-induction.

Hematological Cases Controls
}’Ei'gmeters,IL6& Mean+ SD Mean+ SD p-value*
Hb (g/dl) 9.7+2.4 12.9+0.7 0.000
WBC (X10°/L) 17.6+£31.7 6.16£2.03 0.044
Platelet (X10°/L) 98.9+108.6 255.7+66.03 0.000
Blastin PB% 3824285 | e | e
Blastin BM% 56.84252 | e | e
IL6 (pg/ml) 56.9+27.5 3.56+0.59 0.000
IL10 (pg/ml) 80.49+70.17 7.29+4.07 0.000

*t-test for independent two mean

At Post-induction stage, IL6 showed indirect
correlations with hemoglobin and platelet count,
while weak, direct correlations with WBC, PB

associations were not statistically significant.
IL1I0 had no significant correlation with
hematological parameters.

blasts, and BM blasts (Table 4). These
Table 4: Correlation of IL6 with hematological parameters in post-induction.
IL hematological rvalue Asymp.Std Appiox. e
parameters . Error?® T

IL6 Hb (g/dl) -0.209 0.116 0.434 0.388¢
WBC (X 10°/L) 0.195 0.259 0.218 0.611°
Platelet (X 10°/L) -0.370 0.093 -1.952 0.063¢
Blastin PB% 0.012 0.217 0.061 0.952¢
Blastin BM% 0.250 0.174 1.264 0.218¢

IL10 Hb (g/dl) -0.069 0.165 -0.338 0.738c
WBC (X 109/L) 0.024 0.152 0.116 0.909¢
Platelet (X 109/L) 0.003 0.152 0.016 0.987¢c
Blast in PB% 0.114 0.199 0.109 0.707¢c
Blast in BM % 0.317 0.234 1.122 0.126¢

a. Not assuming the null hypothesis

b. Using the asymptotic standard error assuming the null hypothesis.

c. Based on normal approximation.

* Pearson's correlation test

Table 5 shows the comparison of hematological
parameters in AML cases pre- and post-induction.

significant differences. IL6 and IL10 levels were
higher pre-induction and significantly decreased

Hemoglobin level and bone marrow blasts were  post-induction (p=0.038 and p=0.018,
significantly different between pre- and post- respectively.

induction. Other parameters showed no
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Table 5: Comparison of hematological parameters , IL6 and 1L.10 in AML cases pre and post

induction.
Cases
Hematological | Pre induction | Post induction | p-value*
Parameters and Ils Mean+ SD Mean+ SD
| Hb (g/dl) 7.9£1.9 9.7£2.4 0.008
WBC (X 10°/L) 24.2+31.8 17.6£31.7 0.471
Platelet (X 10°/L) 66.9+63.6 98.9+108.6 0.223
Blastin PB % 40.1£13.2 38.24+28.5 0.794
Blastin BM% 77.8+13.4 56.5£26.2 0.044
IL6 (pg/ml) 77.2£81.5 56.9+27.5
(35.50) (28.0) 0.038
8.00; 257.00 7.0,211.0
IL10 (pg/ml) 123.8+79.7 80.5+70.2
(87.00) (72.8) 0.018
56.00; 372.00 8.0;365.9

*Paired t-test has been used

Table 6 shows IL6 and IL10 variations in AML
cases during remission and relapse. Mean IL6 and

IL10 levels in remission were significantly lower
than in incomplete remission (p=0.000 for both).

Table 6: Variation of IL6 and IL10 in AML cases in remission and relapse.

Cases
Remission Incomplete remission p-value*
Mean= SD Mean= SD
| IL6 (pg/ml) | 4923425311 105.15495.267 0.000
| IL10 (pg/ml) 52.11£19.453 111.68+54.878 0.000

*Paired t-test has been used

DISCUSSION:

Acute myeloid leukemia (AML) is a malignant
hematological disorder marked by the infiltration
of bone marrow, blood, and other tissues due to
clonal expansion of poorly differentiated
hematopoietic cells. It mainly affects bone
marrow stem cells, particularly myeloid cells,
leading to increased myeloid blasts and impaired
blast maturation (!9, Cytokine signaling
abnormalities are key features of leukemia .
This study included 30 newly diagnosed AML
cases. The mean age in the AML group was 37.8
+ 21.5 years. These figures are comparable to
those reported by Alsulami 19 (35 + 22.2 years)
and Qassim’s study 7 (34.67 £ 12.65 years).
Regarding gender distribution, 40.0% of AML
cases were male and 60.0% female, resulting in a
male-to-female ratio of 1:1.5. This is similar to
Zawam et al.'s study, which found a male-to-
female ratio of 1:1.3 ®_while Qassim’s study had
a ratio of 1.1:1 7. However, the results differ
from Tawfiq et al.'s study !, where 53% of cases
were male and 47% female, possibly due to a
larger sample size in their study.

Regarding hematological parameters at diagnosis,
the current study showed that AML patients had a
mean hemoglobin level of 8.3 + 2.2 g/dL,

consistent with Alwan's study ©?% and Chang et
al.’s study @V, The mean platelet count was 68.6
+ 66.7 x 10"9/L, lower than the 75 x 10"9/L
reported in Alwan's study @%, the mean white
blood cell (WBC) count was 21.9 £+ 30.1 x
10"9/L, significantly higher than Alwan's median
of 10 x 1079/L , with 10% of patients having
counts > 50 x 10"9/L. These differences may be
explained by the clonal proliferation of malignant
cells in leukemia, leading to hematopoietic
dysfunction, including decreases in other blood
cells such as red blood cells, white blood cells,
and platelets (319,

The study also found that IL-6 and IL-10 levels
were significantly higher (p = 0.000) in AML
cases compared to the control group. These
findings are consistent with studies by Essa ®?),
Sanchez et al. ¥ and Alfatlawey et al. ®¥, all of
whom reported significantly increased IL-6 levels
in newly diagnosed AML patients. Similarly,
Yahya et al. @, Wu et al. @9 and Alyaqubi et al.
@7 confirmed that IL-10 levels were significantly
higher in AML patients. These results suggest that
IL-6 and IL-10 play critical roles in the
progression of AML, with cytokines potentially
serving as diagnostic indicators for malignancies
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@®_ IL-6 is involved in both stimulatory and

suppressive effects in the setting of leukemias
G109, while IL-10 displays both
immunosuppressive and anti-angiogenic
activities, which may promote or inhibit tumor
growth @, Elevated IL-10 levels in AML can
both inhibit blast proliferation and promote tumor
growth, as IL-10 is versatile in its dual role, acting
both as a tumor-promoting factor in some contexts
and a tumor-inhibiting factor in others %31,
Further analysis showed that IL-6 levels at
diagnosis had a statistically significant inverse
correlation with hemoglobin (Hb) levels and
platelet counts, and a significant positive
correlation with the percentage of blast cells in the
bone marrow. This was in agreement with Abdel-
Hafez et al. ¥ and Abd El Maksoud et al. ®®, who
also observed inverse correlations between IL-6
and Hb, and positive correlations with leukocyte
count and blast cells. IL-10, however, was only
significantly correlated with Hb and platelet
counts, showing indirect correlations with these
parameters. This finding contrasts with Wu et al.
26 who found positive correlations between IL-
10 and WBC count and blast percentage in bone
marrow.

Post-induction, the study revealed that
hematological parameters showed significant
differences between AML cases and control
groups, with hemoglobin and platelet counts
being lower in AML patients, while WBC counts
were significantly higher. These results align with
Abdel-Hafez et al. ®? who also demonstrated
variations in hematological parameters before and
after induction chemotherapy. IL-6 and IL-10
levels were significantly higher post-induction in
AML cases compared to the control group.
Mahmood’s study ©¥ similarly supported these
findings.

Regarding the correlation between IL-6 and
hematological parameters post-induction, this
study found an indirect correlation with
hemoglobin and platelet counts, and a direct
correlation with WBC count, blast percentage in
peripheral blood and bone marrow .This finding
aligns with Dawood et al. ®%. No significant
correlations were observed between IL-10 and

hematological parameters post-induction, in
agreement with Abdel-Hafez et al. ¢,
Additionally, significant differences were

observed in IL-6 and IL-10 levels between newly
diagnosed AML patients and post-induction
cases. IL-6 and IL-10 levels significantly
decreased after induction chemotherapy (p =
0.001 for IL-6 and p = 0.006 for IL-10). These
findings are consistent with Abd El Maksoud et
al. 33, who reported that IL-6 levels were higher

in newly diagnosed and relapsed AML patients,

with levels decreasing during remission. IL-6’s

reduction post-induction suggests its potential

role in evaluating therapeutic response, as
chemotherapy reduces the leukemic burden in

AML patients ¢, Likewise, IL-10 expression is

likely inhibited by chemotherapy, contributing to

a decrease in its concentration post-induction.

CONCLUSION:

IL-6 and IL-10 levels were significantly higher in

acute myeloid leukemia (AML) patients

compared to healthy controls at diagnosis. IL-6

showed a negative correlation with hemoglobin

(Hb) and platelet counts and a positive correlation

with bone marrow blast percentage both at

diagnosis and post-induction. IL-10 correlated
negatively with Hb and platelet counts and
positively with bone marrow blast percentage at
diagnosis, and negatively with Hb and positively
with bone marrow blast percentage post-
induction. IL-6 and IL-10 levels were
significantly decreased after induction therapy.

Furthermore, IL-6 and IL-10 Ilevels were

significantly higher in relapsed cases.

Recommendations

Include conducting future studies with larger

sample sizes to confirm the findings, considering

IL-6 and IL-10 as potential monitoring

biomarkers for therapeutic response and disease

progression in AML patients and as prognostic
biomarkers to predict relapse and remission, and

exploring the correlation between IL-6 and IL-10

levels with molecular and cytogenetic markers in

further research
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