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ABSTRACT 
Background: The release of pro-inflammatory cytokines is responsible for the variety of behavioral, neuro-

endocrine and neuro-chemical alterations in psychiatric condition. In this study we evaluate relation between 
depression and IL-6 and IL-10 in patients undergoing hematopoietic stem cell transplantation (HSCT). 
Materials and Methods: 66 patients in this cross-sectional study from July 2013 until August 2014 for HSCT 
interred the study and were assessed for depression using Hospital Anxiety and Depression Scale (HADS). 
Serum interleukin (IL)-6, (IL)-10 and high sensitive C-reactive protein (hs-CRP) were assessed on the same 

time. Association between these biomarkers with depression was evaluated using SPSS version 20. 
Results: A total of 66 patients with the mean age of 41.18+13.92 and 41.95+12.35 years old in non 
depressed and depressed group respectively were enrolled in this study. Patients with depression showed 
significantly higher levels of serum IL-6 and the IL-6-to-IL-10 ratio compared to patients without depression 
(p<0.001).There was no statistically significant association between IL-10 and hs-CRP with depression in this 
group of the patients. 

Conclusions: High IL-6 level has significant association with depression in patients undergoing HSCT. In 
conclusion, since IL-6 can affect the outcomes after HSCT and depression was associated with increased 
serum IL-6 level, early identification of depression can be beneficial in these patients. 
 
KEYWORDS: Depression, Hematopoietic stem cell transplantation, hs-CRP, Inflammatory cytokines, IL-6 

 

 

INTRODUCTION 

   Hematopoietic stem cell transplantation (HSCT) is 
an important medical procedure in the treatment of 
several malignant, solid tumor and some severe 
nonmalignant diseases.1 Approximately 40% of 
patients after HSCT develop serious post-transplant 
complications.2 Psychological distress has been 

observed in one-third of complicated HSCT patients 
and may be more severe in patients undergoing 
bone marrow transplantion.3-5 Depression can 
influence the patient’s outcome after HSCT, via 
various direct and indirect mechanisms. Depressed 
 HSCT patients  have poor compliance to their 
therapy and have poor nutrition, sleep disorder, 
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poor exercise, and also a higher risk for substance 
abuse and smoking.6,7 Psychosocial factors can 
affects on outcomes after HSCT via catecholamines, 
glucocorticoids, inflammation, angiogenesis and  
cellular immune function and infectious 
susceptibility that cause complication after 
transplantation such as acute graft-versus-host 
disease (aGVHD) and hepatic veno-occlusive disease 
(VOD) and less efficient response to injury or 
infection.8  
   Psychological distress has influence on the quality 
of life as well as survival in cancer patients.9  
Psychosocial factors also may have an effect on 
survival in HSCT patients through an immunologic 
mechanism. Recently, anxiety and depression have 
been associated with slower immune recovery as 
assessed by white blood cell (WBC) count following 
transplantion.10-12 Also, the adverse effects of 
depression has been identified as a risk factor for 
early post-transplant mortality.13  
   In recent years, the role of inflammatory markers 
has been raised in the chronic course of 
depression.14 In several studies, the increased level 
of inflammatory markers, including CRP, TNF-α, IL-1, 
IL-6 and IL-2R, in depressed subjects as compared 
with non-depressed subjects was observed.15-17 A 
cytokine with anti-inflammatory effects such as IL-
10 are also linked to acute immune challenge and 
may be implicated in depression.18,19 Thus, several 
studies showed that inflammatory cytokines can 
increase the risk of transplant-related mortality 
(TRM). Studies have shown that high peak levels of 
hs-CRP as an acute phase protein were associated 
with the occurrence of major transplant-related 
complications (MTC).20 In several studies, the 
adverse relationship between the IL-6 levels and 
survival and also complications after transplantation 
such as aGVHD was observed.21-23 Also, low capacity 
of IL-10 production by blood mononuclear cells may 
contribute to mechanisms involved in the event of 
MTC.24 
   Considering to importance of cytokines in 
psychological distress, we investigated the 
association of depression with pro-inflammatory 
markers of IL-6, and hs-CRP and anti-inflammatory 
cytokine (IL-10) in patients undergoing either 
autologous or allogeneic transplant at Taleghani 
BMT transplantation center affiliated to Shahid 

Beheshti University of Medical Sciences, in Tehran, 
Iran. 
 
MATERIALS AND METHODS 

The study population and design of the study 
   In this cross sectional study, all the eligible 
patients who were admitted for either autologous 
or allogeneic HSCT from July 2013 until August 2014 
were included in our study. Patients with cognitive 
dysfunction, active infection, acute medical or any 
other surgical condition and those with 
inflammatory disorders such as autoimmune 
diseases, history consumption of anti-depressant, 
anti-anxiety or anti-inflammatory agents within one 
month before the study were excluded. All the 
patients signed their consent form. The study was 
approved by the Ethics Committee of Shahid 
Beheshti University of Medical Sciences in Tehran, 
Iran. Diagnosis of depression  was defined by a 
psychiatric and the severity of depression was 
evaluated via Hospital Anxiety and Depression Scale 
(HADS) questionnaire.  

   All patients were informed how to complete the 
questionnaire by the same researcher. The study 
population was divided into two subgroups. The 
first group consisted of depressed patients and the 
second group included patients without depression.  

  

Assessment of depression symptoms  

   The HADS questionnaire was used to assess the 
patients’ depression based on self-reports. This 
questionnaire contains a 14-item scale of which 
seven items measure the anxiety and the other 
seven measure the depression and each item is 
composed the scales of ‘0’ to ‘3’. The possible total 
HADS score ranges from 0 (no depression, no 
anxiety) to 21 (maximal depression or anxiety). 
Then all scores of the items are added to create a 
total score for each patient. The HADS survey has 
been validated to measure psychological distress 
among Iranian patients and have high sensitivity 
and specificity for the diagnosis of depression and 
anxiety among the population.25 A HADS score with 
cut off score ≥8 was defined for differentiating 
individuals with anxious from non-anxious and 
depressed from non-depressed patients. 

http://www.google.com/url?sa=t&rct=j&q=hads%20quessionnair&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.scalesandmeasures.net%2Ffiles%2Ffiles%2FHospital%2520Anxiety%2520and%2520Depression%2520Scale%2520%281983%29.pdf&ei=z7vkU-7XK6jC0QW084HIBg&usg=AFQjCNGFwM3R_xQvBa8Xeqks28LmjxkEmw&sig2=lP85piwF-182dd4jnzbPhA&bvm=bv.72676100,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hads%20quessionnair&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.scalesandmeasures.net%2Ffiles%2Ffiles%2FHospital%2520Anxiety%2520and%2520Depression%2520Scale%2520%281983%29.pdf&ei=z7vkU-7XK6jC0QW084HIBg&usg=AFQjCNGFwM3R_xQvBa8Xeqks28LmjxkEmw&sig2=lP85piwF-182dd4jnzbPhA&bvm=bv.72676100,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hads%20quessionnair&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.scalesandmeasures.net%2Ffiles%2Ffiles%2FHospital%2520Anxiety%2520and%2520Depression%2520Scale%2520%281983%29.pdf&ei=z7vkU-7XK6jC0QW084HIBg&usg=AFQjCNGFwM3R_xQvBa8Xeqks28LmjxkEmw&sig2=lP85piwF-182dd4jnzbPhA&bvm=bv.72676100,d.d2k
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Measurement of inflammatory cytokines  

   Blood   samples   were   drawn on admission from 
all patients who were included in our study. 
Samples were collected and centrifuged for 10 min. 
within a few hours of sampling. Serum was removed 
and frozen at −70°C until completion of the 
samples. High-sensitivity sandwich enzyme-linked 
immunosorbent (ELISA) kits (Immulite, DPC Cirrus 
Inc., Los Angeles, CA, USA; Amersham Bioscience, 
USA; Amersham Bioscience, USA; Bender Med 
Systems, Austria, respectively) were used for the 
determination of hs-CRP and cytokines (IL-6, IL-10) 
concentrations. 

 

Statistical analyses 

   Data was analyzed using SPSS for windows (SPSS 
Inc., Chicago, IL, USA) version 20. For normally 
distributed continuous variables mean ± SD and for 
non-normally distributed continuous median 
(interquartile range) were used for analysis. 
Number or percentages was used for nominal 
variables. Normality of the variables distributions 
was assessed by Kolmogorov-Smirnov test. The 
distribution of categorical variables was compared 
between two groups using chi-square and Fisher 
exact tests.   

   Independent sample t-test and Mann–Whitney U-
test were used to compare normally and non-
normally distributed variables respectively between 
the two groups of the study. The correlation 
between depression scores with continues variables 
were tested by Pearson's correlation test. Binary 
logistic regression was used to measure the effect 
of significant variables that had been tested by 
univariate analyses with depression. P value less 
than 0.05 was considered as significant.  

 

RESULTS 

   A total of 88 patients were enrolled in our study. 
Of these, 22 patients were excluded due to active 
infection (4 patients), severe psychiatric disorders (3 
patients) and consumption of anti-inflammatory 
medications (4 patients), consumption of anti-
depressant medications (5 patients) and              
non-eligibility to participate in the study (6 
patients). Therefore, a total of 66 patients (28 

subjects in non-depressed group and 38 subjects in 
depressed group) were enrolled in this study. 
Medical and demographic characteristics of the 
patients are given in Table 1. As seen in Table 1, 
significant difference in gender between two groups 
was observed (p value=0.01) and other variables did 
not show significant differences between two 
groups. Twenty eight of these 66 patients (42.4%) 
had HADS score less than 8 which defined as non-
depressed group. The rest of the patients had HADS 
score equal or more than 8 which defined as 
depressed group. The median HADS scores of 
patients with and without depression were median: 
11 [IQR: 8 to16], p = <0.001) vs. median: 3 [IQR: 0 to 
6], p = <0.001), respectively. 
 

Table1: Medical and demographic characteristics of the HSCT 
patients in two groups (N = 66) 

 Non-depressed 
group 

(n=28) 

Depressed  
group 

(n=38) 

P 
value 

Age (years), mean+   
standard 

41.18+13.926 41.95+12.357 0.81 

Sex (female) 8 (28.5%) 22 (59%) 0.01 

Married 24 (85.7%) 33 (86.8%) 0.89 

BMI, median (IQR) 26.08 (18-34) 26.19 (18-34) 0.91 

Education 
Below high school 

High school 
Above high school 

 
8 (28.6%) 
14 (50%) 
6 (21.4%) 

 
12 (31.6) 
16 (42%) 

10 (26.3%) 

 
 

0.80 

Type of transplantation 
Autologous 
Allogeneic 

 
22(78.6%) 
6(21.4%) 

 
24 (63.2%) 
14 (36.8%) 

 
0.17 

Diagnosis of diseases         
leading to 

transplantation 
AML 
ALL 
MM 
NHL 
HL 

Other 

 
 

4 (14.3%) 
2 (7.1%) 

10 (35.7%) 
14 (14.3) 
7 (25%) 
1 (3.6%) 

 
 

7 (18.4%) 
7 (18.4%) 

  16 (42.1%) 
2 (5.3%) 

5 (13.2%) 
1 (2.6%) 

 
 
 

0.50 

Co-morbidity 

Diabetes mellitus 
Hypertension 

Ischemic heart disease 
Fatty liver 

Hypothyroidism 

 
4 14.3%) 
5 (17.9%) 

0 (0%) 
3 (10.7%) 
2 (7.1%) 

 
6 (15.8%) 
5 (13.2%) 
3 (7.9%) 

5 (13.2%) 
1 (2.6%) 

 
0.86 
0.59 
0.25 
1.00 
0.57 

HADS: Hospital Anxiety and Depression Scale, ALL: acute lymphocytic 
leukemia, AML: acute myelogenous leukemia, HL: Hodgkin's lymphoma, 
NHL: Non-Hodgkin's lymphoma, MM: Multiple myeloma, BMI: Body 
mass index 

   
   Among continuous variables, patients with 
depression had significantly higher concentrations 
of IL-6 and IL-6 to IL-10 ratios (P<0.001). Serum 
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levels of IL-10 and hs-CRP did not differ significantly 
between two groups (Table 2).  
 
Table 2: Comparison of inflammatory and anti-inflammatory 
markers between two groups 
 

 Data has been presented as median (IQR), hs-CRP: high-sensitivity 
C-reactive protein, IL-10: interleukin-10; IL-6: interleukin-6, IQR: 
Interquartile range 

 

   Serum levels of the mentioned cytokines were 
also compared in patients with different diagnoses 
leading to transplantation (Table 3). Serum levels of 
the mentioned cytokines were also compared in 
patients with different type of transplantation as 
shown in Table 4. Analysis of correlations between 
HADS scores within inflammatory, anti-
inflammatory markers and some variables 
associated with depression showed that HADS score 
were significantly correlated with serum 
concentrations of IL-6 and IL-6 / IL-10 (P<0.001) 
(Table 5). There was not a statistically significant 
correlation between IL-10, hs-CRP and other 
variables with HADS score. The multivariate logistic 
regression test after adjusting for body mass index, 
age, sex, education level, marital status showed 
there is a direct effect of IL-6 with depression 
(P<0.001, odds ratio [OR] = 1.05; 95% confidence 
interval [CI] = 1.02–1.09) (Table 6). 

 

DISCUSSION 

   This study indicates a significant correlation 
between serum IL-6 level and depression in patients 
undergoing HSCT. We observed that depression was 
significantly associated with increased serum IL-6 
level in the HSCT patients. The prevalence of 
depression was 57.6%. In several studies, the 
prevalence of psychiatric disorders varied from 14% 
to 41%, depending on the study design, types of 

evaluation and time of evaluation of these 
problems at different times of the patients' disease. 
26-28 The incidence of depression was somehow high 
in our study group compatible with another Iranian 
study in HSCT patients.29 

   We did not find any significant correlation 
between depression in terms of age, education 
level, marital status, BMI, different diagnosis of 
disease leading to transplant, co-morbidity, serum 
level of hs-CRP and anti-inflammatory cytokine       
IL-10. However, there was significant correlation 
between depression and sex. Since depression was 
more common in female than male population2 it 
was predictable result. 

   Our result showed there was significant 
correlation between depression and serum IL-6 
level. This result is similar to several other studies 
that have been done in depressed patients. Studies 
showed that there is a bidirectional relationship 
between depression and inflammation, so that 
depression can cause up-regulation of inflammatory 
mediators and thereafter the inflammatory 
cytokines can cause depression behaviours.30 
Recent studies have indicated that increased serum 
pro-inflammatory cytokines such as IL-6, IL-1,     
TNF-α,  IL-2, IFN-α and other inflammatory cytokine 
are associated with depression.15,31,32 

   Consistent with the role of IL-6 in depression, the 
results of the study by Hannestad et al. showed that 
anti-depressant agents such as SSRIs can reduce 
serum level of inflammatory cytokine, IL-6 and    
TNF-α.33 Several studies have showed that 
increased level of IL-6 can affect the occurrence of 
complications such as infection, aGVHD, VOD, and 
rate of hematological recovery.34,35 So, depression 
can also affect the outcome and survival after 
transplantation through the increased serum level 
of pro-inflammatory cytokine such as IL-6. 

   Our study found no significant correlation 
between depression and serum hs-CRP level. In 
several studies, the serum level of hs-CRP had 
increased in depressed patients.15,16 In a recent 
meta-analysis on longitudinal studies increased hs-
CRP level was associated with increased risk of 
subsequent depression.36 Ford et al, and Ma et al. 
showed that the association between depression 

 Non-depressed 

group 

(n=28) 

Depressed          

group 

(n=38) 

P 

value 

IL-6 

(pg/mL) 

58.50 (4.5-112.0) 101.05 (45.0-640.0) <0.001 

IL-10 

(pg/mL) 

88 (55-316) 82.60 (26-640) 0.25 

hs-CRP 

(mg/L) 

3 (1-75) 3 (1-75) 0.93 

IL-6 / IL-10 0.51 (0.30-1.15) 1.21 (0.83-2.34) <0.001 



Maria Tavakoli-Ardakani, et al.  IJHOSCR, 1 April 2014. Volume 9, Number 2 

84 
 International Journal of Hematology Oncology and Stem Cell Research 

ijhoscr.tums.ac.ir  
 

and the increased serum hs-CRP level was much 
stronger in female gender than male.37,38 Contrary 
to previous results, we found no significant 
correlation between depression and serum  

 

hs-CRP level. This might be related to the small 
sample size in our study compared with other 
studies and paucity of male patients in depressed 
group compared to non-depressed group. 

 
Table 3: Comparing of biomarkers with different diagnosis leading to transplantation in HSCT patients 

 Data has been presented as median (IQR), ALL: acute lymphocytic leukemia, AML: acute myelogenous leukemia, HL: Hodgkin's lymphoma, NHL: 
Non-Hodgkin's lymphoma, MM: Multiple myeloma, hs-CRP: high-sensitivity C-reactive protein, IL-10: interleukin-10; IL-6: interleukin-6 

Table 4: Comparing serum levels of markers in HSCT patients with different type of transplantation
 

 

 

 

                                                                       

 

 

                                                        hs-CRP: high-sensitivity C-reactive protein, IL-10: interleukin-10,  IL-6: interleukin-6

 

   We did not also find any significant difference in 
serum IL-10 level between two groups. Different 
results were reported about role of IL-10 in 
depression in various studies.27 In the study by 
Dhabhar et al. the results showed lower serum IL-10 
level in depressed patients as compared to non-
depressed patients.39 While Simon et al found 
increases in serum IL-10 level in depressed 
patients.40 Our results was similar to Huang et al and 
O'Brian et al studies which showed no differences in 
the serum IL-10 level in depressed patients as 
compared to non-depressed patients.41,42 

   For the evaluation of the balance between         
pro- and anti-inflammatory markers, we assessed 
the serum concentrations of IL-6 to IL-10 ratio. Our 
results showed that there is a relationship between  

 

increased IL-6-to-IL-10 ratios with depression in 
patients undergoing HSCT (P<0.001). 

 
Table5: Variables correlation with depression score according to 

HADS  

hs-CRP: high-sensitivity C-reactive protein, IL-10: interleukin-10, 
IL-6: interleukin-6, HADS: Hospital Anxiety and Depression Scale, 
BMI: Body mass index  

 AML 

(n=11) 

ALL 

(n=9) 

MM 

(n=26) 

NHL 

(n=6) 

HL 

(n=12) 

P value 

IL-6 (pg/mL) 95.10 

(55.10-140.90) 

89.90 (61.90-

690) 

91.25 

(4.5-640) 

68.10 

(33-152.9) 

72.70 

(32-530) 

0.25 

IL-10 (pg/mL) 86.20 

(68.50-640) 

75.90 

(26-133.9) 

87.75 

(41.40-588) 

93.86 

(55-112) 

86.05 

(58.20-215) 

0.25 

hs-CRP (mg/L) 3 

(1-14) 

3 

(1-6) 

3 

(1-71) 

7 

(3-75) 

3 

(3-75) 

0.07 

IL-6 / IL-10 1.01 

(0.12-1.87) 

1.28 

(0.73-4.78) 

1.04 

(0.01 -8.59) 

0.84 

(0.29-1.60) 

0.76 

(0.22 -5.22) 

0.21 

 Allogeneic 

(n=20) 

Autologous 

(n=46) 

P value 

IL-6 (pg/mL) 89.6 (72.2-11.3) 81.1(49-106.6) 0.23 

IL-10 (pg/mL) 78.5(68.7-105.9) 88(76.7-142.5) 0.09 

hs-CRP (mg/L) 3(3-4) 3.5(3-11.5) 0.10 

IL-6 / IL-10 1.2(0.8-1.5) 0.8(3-1.4) 0.18 

Factors Depression score 

Correlation  

p-value 

Age 0.05 0.66 

BMI 0.04 0.69 

hs-CRP -0.09 0.46 

IL-6 0.49 <0.001 

IL-10 -0.13 0.29 

IL-6 / IL-10 0.37 <0.001 
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Table 6:  Results of logistic regression analysis for correlation of IL-6 with depression

 
aCoefficient for the constant,*p <0.05, BMI: Body mass index, IL-6: interleukin-6

 

   Several studies showed a association between 
pro- and anti-inflammatory cytokines dysregulation 
with depression symptoms.43,44 Similar to our study, 
in Dhabhar et al. study showed that depressed 
subjects expressed significantly higher IL-6/IL-10 
ratios.39 Also, Taraz et al. have shown a significant 
increase in the IL-6/IL-10 ratio in depressed 
hemodyalysis patients.45 

 

CONCLUSION  

   Inflammatory markers have been evaluated in 
several studies on general depressed patients and 
we found only a few studies according to 
inflammatory markers and depression relationship 
in HSCT patients. 

   Our study showed potentially important 
contribution of increased level of IL-6 and IL-6/IL-10 
ratio in depressed patients undergoing HSCT. 
According to the negative effects of IL-6 in post-
transplantation outcomes and increased level of 
this cytokine in depressed patients, it is needed to 
further investigate the effect of inflammatory and 
anti-inflammatory cytokines on outcomes of HSCT 
depressed patients as well as evaluate the effects of 
the treatment of depression on                              
post-transplantation outcome and the mentioned 
mediators. 

 

ACKNOWLEDGEMENT   
    

  This study has been supported by the Shahid 
Beheshti University of Medical Sciences. The 
authors thank all staff of Taleghani Hospital and all 
patients for helping and participating in the study. 
 
CONFLICT OF INTEREST 

    The authors declare no conflict of interest. 

 

REFERENCES 

1. Copelan EA. Hematopoietic stem-cell transplantation. 
N Engl J Med; 2006. 354: 1813–1826.                                      
2. Ustun TB, Sartorius N. Mental Illness in General 
Healthcare: An International Study. London: John Wiley 
&Sons;1995.p.2264.                                                                        
3. Farber DM, Wienerman BH, Kuypers JA. Psychosocial 
distress in oncology outpatients. J Psychosocial Oncol; 
1984.2:109–118.                                                                         
4. Trask PC, Paterson AG, Hayasaka S, et al. Psychosocial 
characteristics of individuals with non-stage IV 
melanoma. J Clin Oncol; 2001. 19: 2844–2850.                  
5. Stefanek ME, Derogatis LP, Shaw A. Psychological 
distress among oncology outpatients. Psychosomatics; 
1987.28:530–539.                                                                      
6. Lee SJ, Loberiza FR, Rizzo JD, et al. Optimistic 
expectations and survival after hematopoieticnstem cell 
transplantation. Biol Blood Marrow Transplan;t 2003.9: 
389–396.                                                                                     
7. Loberiza Jr FR, Rizzo JD, Bredeson CN, et al. Association 
of depressive syndrome and early deaths among patients 
after stem-cell transplantation for malignant diseases.      
J Clin Oncol; 2002.20:2118–2126.                                          
8. Kiecolt-Glaser JK, Glaser R. central pathways to 
morbidity and mortality. J Psychosom Res; 2002.53: 873 

 Ba Standard error Odds ratio 95% CI P value 

Age 0.06 0.04 1.06 .986-1.155 0.10 

Sex -2.18 0.88 0.11 .020-.644 0.01 

BMI 0.15 0.11 1.16 .934-1.461 0.17 

Education 0.66 0.53 0.19 .674-5.572 0.21 

Marrital Status 1.11 0. 72 3.07 .492-17.772 0.12 

Type of 

transplantation 

 

0.88 

 

0.89 

 

2.42 

 

.424-13.873 

 

0.32 

IL-6 0.05 0.01 1.05 1.023-1.092 <0.001 



Maria Tavakoli-Ardakani, et al.  IJHOSCR, 1 April 2014. Volume 9, Number 2 

86 
 International Journal of Hematology Oncology and Stem Cell Research 

ijhoscr.tums.ac.ir  
 

876.                                                                                                
9. Braamse AM, Gerrits MM, van Meijel B, et al. 
Predictors of health-related quality of life in patients 
treated with auto- and allo-SCT for hematological 
malignancies. Bone Marrow Transplant; 2012.47:757-69. 
10. McGregor BA, Syrjala KL, Dolan ED, et  al .The effect 
of pre-transplant distress on immune reconstitution 
among adult autologous hematopoietic cell 
transplantation patients. Brain Behav Immun;2012. 30: 
S142–S148.                                                                               
11. Costanzo ES, Juckett MB, Coe CL. Biobehavioral 
influences on recovery following hematopoietic stem cell 
transplantation. Brain Behav Immun;2012. 30: S68–S74.                         
12. Knight JM, Lyness JM, Sahler OJZ, et al. Psychosocial 
factors and hematopoietic stem cell transplantation: 
Potential biobehavioral pathways. Psychoneuro 
endocrinology; 2013.38: 2383–2393.                                  
13. Hoodin F, Uberti JP, Lynch TJ, et al. Do negative or 
positive emotions differentially impact mortality after 
adult stem cell transplant? Bone Marrow Transplant; 
2006.38,255–264.                                                                          
14. Moylan S, Maes M, Wray NR, et al. The 
neuroprogressive nature of major depressive disorder: 
pathways to disease evolution and resistance, and 
therapeutic implications. Mol Psychiatry;2013.18,595–
606.                                                                                            
15. Dowlati Y, Herrmann N, Swardfager W, et al. A meta-
analysis of cytokines in major depression. Biol Psychiatry; 
2010.1:446-57.                                                                            
16. Howren MB, Lamkin DM, Suls J. Associations of 
depression with C-reactive protein, IL-1, and IL-6: a meta-
analysis. Psychosom Med; 2009.71:171-86.                              
17. Liu Y, Ho RC, Mak A. Interleukin (IL)-6, tumour 
necrosis factor alpha (TNF-α) and soluble interleukin-2 
receptors (sIL-2R) are elevated in patients with major 
depressive disorder: a meta-analysis and                     
meta-regression. J Affect Disord;2012. 139:230-9.                                                 
18. Mesquita AR, Correia-Neves M, Roque S, et al. IL-10 
modulates depressive-like behavior. J Psychiatr Res; 
2008.43:89–97.                                                                             
19. Roque S, Correia-Neves M, Mesquita AR, et al. 
Interleukin-10: a key cytokine in depression? Cardiovasc. 
Psychiatry Neurol; 2009.2009:1–5.                                                
20. Schots R, Kaufman L, Van Riet I, et al. Monitoring of 
Creactive protein after allogeneic bone marrow 
transplantation identifies patients at risk of severe 
transplant-related complications and mortality. Bone 
Marrow Transplant; 1998. 22:79–85.                                           
21. Cavet J, Dickinson AM, Norden J, et al. Interferon-
gamma and interleukin-6 gene polymorphisms associate 
with graft-versus-host disease in HLA-matched sibling 
bone marrow transplantation. Blood; 2001.98:1594–600.      
22. Symington FW, Symington BE, Liu PY, et al. The 

relationship of serum IL-6 levels to acute graft versus-
host disease and hepatorenal disease after human bone 
marrow transplantation. Transplantation; 1992.54:457–
62.                                                                                               
23.Tegg EM, Griffiths AE, Lowenthal RM, et al Association 
between high interleukin-6 levels and adverse outcome 
after autologous haemopoietic stem cell transplantation. 
Bone Marrow Transplant; 2001.28(10):929-33.               
24.Holler E, Roncarolo MG, Hintermeier-Knabe R et al. 
Prognostic significance of increased IL-10 production in 
patients prior to allogeneic bone marrow 
transplantation. Bone Marrow Transplant; 2000. 25: 
237–241.                                                                                      
25. Montazeri A, Vahdaninia M, Ebrahimi M, et al.The 
Hospital Anxiety and Depression Scale (HADS): 
translation and validation study of the Iranian version. 
Health Qual Life Outcomes; 2003. 28;1:14.                              
26. Syrjala KL, Chapko MK, Vitaliano PP, et al. Recovery 
after allogeneic marrow transplanation: prospective 
study of predictors of long-term physical and 
psychosocial functioning. Bone Marrow Transplant; 1993. 
11:319–327.                                                                                       
27. Andrykowski MA, Bruehl S, Brady MJ, et al. Physical 
and psychosocial status of adults one-year after bone 
marrow transplantation: a prospective study. Bone 
Marrow Transplant; 1995. 15: 837–844.                                    
28. McQuellon RP, Russell GB, Rambo TD, et al. Quality of 
life and psychological distress of bone marrow transplant 
recipients: the ‘time trajectory’ to recovery over the first 
year. Bone Marrow Transplant; 1998. 21: 477–486.                
29. Maheri Azar R, Nikoogoftar M, Salehi S, et al. Anxiety 
and Depression in pre-and-post-Hematopoietic Stem Cell 
Transplants in SCT Center, Shariati Hospital, Tehran, Iran. 
Int J Hematol Oncol Stem Cell Res; 2010. 4:17-21.                   
30. Raison CL, Capuron L, Miller AH. Cytokines sing the 
blues: Inflammation and the pathogenesis of depression. 
Trends Immunol; 2006. 27; 24-31                                               
31. Alesci S, Martinez PE, Kelkar S, et al. Major 
depression is associated with significant diurnal 
elevations in plasma interleukin-6 levels, a shift of its 
circadian rhythm and loss of physiological complexity in 
its secretion: clinical implications. J Clin Endocrinol 
Metab;2005.90:2522–2530.                                                               
32.Vogelzang N, Duivis HE, Beekman AT, et al. 
Association of depressive disorders, depression 
characteristics and antidepressant medication with 
inflammation. Transl Psychiatry; 2012.2:e79.                   
33. Hannestad J, DellaGioia N, Bloch M. The effect of 
antidepressant medication treatment on serum levels of 
inflammatory cytokines: a meta-analysis. Neuro psycho 
pharmacology;2011.36:2452-9.                                          
34. Imamura M, Hashino S, Kobayashi H, et al. Serum 
cytokine levels in bone marrow transplantation: 

http://www.ncbi.nlm.nih.gov/pubmed?term=Dowlati%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20015486
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrmann%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20015486
http://www.ncbi.nlm.nih.gov/pubmed?term=Swardfager%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20015486
http://www.ncbi.nlm.nih.gov/pubmed?term=Howren%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19188531
http://www.ncbi.nlm.nih.gov/pubmed?term=Lamkin%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19188531
http://www.ncbi.nlm.nih.gov/pubmed?term=Suls%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19188531
http://www.ncbi.nlm.nih.gov/pubmed/19188531
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21872339
http://www.ncbi.nlm.nih.gov/pubmed?term=Ho%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=21872339
http://www.ncbi.nlm.nih.gov/pubmed?term=Mak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21872339
http://www.ncbi.nlm.nih.gov/pubmed/21872339
http://www.ncbi.nlm.nih.gov/pubmed?term=Tegg%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=11753546
http://www.ncbi.nlm.nih.gov/pubmed?term=Griffiths%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=11753546
http://www.ncbi.nlm.nih.gov/pubmed?term=Lowenthal%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=11753546
http://www.ncbi.nlm.nih.gov/pubmed/11753546
http://www.ncbi.nlm.nih.gov/pubmed?term=Montazeri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12816545
http://www.ncbi.nlm.nih.gov/pubmed?term=Vahdaninia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12816545
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebrahimi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12816545
http://www.ncbi.nlm.nih.gov/pubmed?term=Jarvandi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12816545
http://www.ncbi.nlm.nih.gov/pubmed/12816545
http://www.ncbi.nlm.nih.gov/pubmed?term=Capuron%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16316783
http://www.ncbi.nlm.nih.gov/pubmed?term=Miller%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=16316783
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinez%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=15705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Kelkar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15705924
http://www.ncbi.nlm.nih.gov/pubmed?term=Duivis%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=22832816
http://www.ncbi.nlm.nih.gov/pubmed?term=Beekman%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=22832816
http://www.ncbi.nlm.nih.gov/pubmed?term=Hannestad%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21796103
http://www.ncbi.nlm.nih.gov/pubmed?term=DellaGioia%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21796103
http://www.ncbi.nlm.nih.gov/pubmed?term=Bloch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21796103
http://www.ncbi.nlm.nih.gov/pubmed/21796103
http://www.ncbi.nlm.nih.gov/pubmed/21796103


IJHOSCR, 1 April 2015. Volume 9, Number 2           IL-6, IL-10 and depression in Hematopoietic stem cell transplantation 

87 
 International Journal of Hematology Oncology and Stem Cell Research 

ijhoscr.tums.ac.ir  
 

synergistic interaction of interleukin-6, interferon-
gamma, and tumor necrosis factoralpha in graft-versus-
host disease. Bone Marrow Transplant; 1994.13: 745–
751.                                                                                                  
35.Testa U, Martucci R, Rutella S, et al. Autologous stem 
cell transplantation: release of early and late acting 
growth factors relates with hematopoietic ablation and 
recovery. Blood; 1994. 84: 3532–3539.                                        
36. Valkanova V, Ebmeier KP, Allan CL. CRP, IL-6 and 
depression: a systematic review and meta-analysis of 
longitudinal studies. J Affect Disord; 2013. 
http://dx.doi.org/ 10.1016/j.jad.2013.06.004.                       
37. Ford DE, Erlinger TP. Depression and C-reactive 
protein in US adults: data from the Third National Health 
and Nutrition Examination Survey. Arch Intern Med; 
2004.10:1010-4.                                                                            
38. Ma Y, Chiriboga DE, Pagoto SL, et al. Association 
between Depression and C-Reactive Protein. Cardiol Res 
Pract;2010.2011:286509.                                                                
39. Dhabhar FS, Burke HM, Epel ES, et al. Low serum       
IL-10 concentrations and loss of regulatory association 
between IL-6 and IL-10 in adults with major depression.   
J Psychiatr Res; 2009. 43(11): 962-9.                                               
40. Simon NM, McNamara K, Chow CW, et al. A detailed 
examination of cytokine abnormalities in Major 
Depressive Disorder. European Neuro 
psychopharmacology; 2008.18: 230–3.                                       
41. Huang TL, Lee CT. T-helper 1/T-helper 2 cytokine 
imbalance and clinical phenotypes of acute-phase major 
depression. Psychiatry and Clinical Neurosciences; 
2007.61:415–20.                                                                           
42. O’Brien SM, Scully P, Fitzgerald P, et al. Plasma 
cytokine profiles in depressed patients who fail to 
respond to selective serotonin reuptake inhibitor 
therapy. J Psychiatr Res; 2007.41:326–31.                                   
43. Fang Y, Sharp GC, Braley-Mullen H. Interleukin-10 
promotes resolution of granulomatous experimental 
autoimmune thyroiditis. Am J Pathol; 2008.172:1591–
602.                                                                                                   
44. Ogawa Y, Duru EA, Ameredes BT. Role of IL-10 in the 
resolution of airway inflammation. Curr Mol Med; 
2008.8:437–45.                                                                              
45. Taraz M, Khatami MR, Gharekhani A, et al. 
Relationship between a pro- and anti-inflammatory 
cytokine imbalance and depression in haemodialysis 
patients. Eur Cytokine Netw; 2012.23:179-86.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/
http://www.ncbi.nlm.nih.gov/pubmed?term=Ford%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=15136311
http://www.ncbi.nlm.nih.gov/pubmed?term=Erlinger%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=15136311
http://www.ncbi.nlm.nih.gov/pubmed?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21234098
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiriboga%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=21234098
http://www.ncbi.nlm.nih.gov/pubmed?term=Pagoto%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=21234098
http://www.ncbi.nlm.nih.gov/pubmed?term=Dhabhar%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=19552919
http://www.ncbi.nlm.nih.gov/pubmed?term=Burke%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=19552919
http://www.ncbi.nlm.nih.gov/pubmed?term=Epel%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=19552919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plasma+cytokine+profiles+in+depressed+patients+who+fail+to+respond+to+selective+serotonin+reuptake+inhibitor+therapy
http://www.ncbi.nlm.nih.gov/pubmed/18691071
http://www.ncbi.nlm.nih.gov/pubmed?term=Taraz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23360798
http://www.ncbi.nlm.nih.gov/pubmed?term=Khatami%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23360798
http://www.ncbi.nlm.nih.gov/pubmed?term=Gharekhani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23360798

