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Aim To investigate the association of adiponectin and re-
sistin levels in patients undergoing hematopoietic stem 
cell transplantation (HSCT) with the clinical outcome, in-
cluding the occurrence of acute and chronic graft-vs-host 
disease (GVHD), non-relapse mortality, and overall survival.

Methods We prospectively collected serum samples 
from 40 patients undergoing either autologous (n = 12; 
10 male) or allogeneic (n = 28; 11 male) HSCT for up to 12 
months post HSCT and determined adiponectin and re-
sistin serum concentrations using enzyme-linked immu-
nosorbent assay.

Results There were no significant differences in adiponec-
tin levels (18.5 vs 9.3 µg/mL, P = 0.071) and adiponectin/
BMI ratio (0.82 vs 0.39, P = 0.068) between patients with 
acute GVHD grades 2-4 and autologous controls. Howev-
er, resistin values were significantly lower in patients with 
acute GVHD grades 2-4 than in autologous controls (4.6 
vs 7.3 ng/mL, P = 0.030). Adiponectin levels were higher 
in patients with chronic GVHD (n = 17) than in autologous 
controls (13.5 vs 7.6 µg/mL, P = 0.051), but the difference 
was not significant. Adiponectin/BMI ratio was significantly 
higher in patients with chronic GVHD than in autologous 
controls (0.59 vs 0.25, P = 0.006). Patients dying from relapse 
also had significantly lower adiponectin levels (8.2 µg/mL) 
and adiponectin/BMI ratio (0.3) on admission than surviv-
ing allogeneic (15.8 µg/mL, P = 0.030 and 0.7, P = 0.004) and 
surviving autologous patients (19.2 µg/mL, P = 0.031 and 
0.7, P = 0.021).

Conclusion Adiponectin and resistin levels were altered in 
patients with acute and chronic GVHD compared to autolo-
gous controls and were associated with overall survival and 
relapse mortality in patients undergoing allogeneic HSCT.
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Allogeneic hematopoietic stem cell transplantation 
(HSCT) offers potential cure to an increasing number of 
patients with hematological diseases (1,2). However, it is 
still associated with substantial morbidity related in part 
to graft-vs-host disease (GVHD). GVHD occurs in around 
50% of recipients and presents a major complication 
(3-5). Severe GVHD is associated with reduced survival (6) 
and impaired quality of life (7). Chronic GVHD (cGVHD) is 
one of the main causes of non-relapse mortality (NRM) 
and prolonged immunodeficiency (3,4). Clinical signs of 
cGVHD can resemble those of autoimmune disorders 
such as systemic lupus erythematosus, Sjogren’s syn-
drome, scleroderma, autoimmune thyroiditis, and rheu-
matoid arthritis (8-10). In 2005, the National Institutes of 
Health (NIH) defined the criteria for diagnosis and sever-
ity scoring of cGVHD (11,12).

Acute GVHD (aGVHD) is an inflammatory disorder that oc-
curs when transplanted donor T-lymphocytes react to host 
cells and tissues that are recognized as foreign (13). Pro-in-
flammatory cytokines like interleukin-1 (IL1), interleukin-6 
(IL6), and tumor necrosis-factor (TNF)-alpha are up-regu-
lated and contribute to the high morbidity and mortality. 
Importantly, macrophages exhibit potent regulatory func-
tions in vivo with the help of T-cells (14).

Adipokines are cytokines secreted predominately by the 
adipose tissue. They exert a variety of distinct metabolic, 
endocrine, and immune functions, both locally and sys-
temically. Adiponectin is an adipocyte-derived secretory 
protein, which is an important regulator of inflammatory 
responses (15,16). In many inflammatory states, adiponec-
tin levels are inversely correlated with pro-inflammatory 
markers (17-19). Overall, adiponectin exerts predominant-
ly anti-inflammatory effects and suppresses the prolifera-
tion of myelomonocytic progenitor cells (20,21). Further-
more, it inhibits the classical pro-inflammatory function of 
macrophages, promoting an M2 macrophage phenotype 
(22), and diminishing phagocytosis and cytokine produc-
tion upon lipopolysaccharide-stimulation by interfering 
with nuclear factor kappa-B activation (23). This is also 
an important mechanism during HSCT, as recipient mac-
rophages contribute to GVHD by antigen-presentation 
and secretion of cytokines, causing the activation and 
proliferation of CD8+ T cells (24,25). Moreover, adiponectin 
reduces T-lymphocyte recruitment via reduction of inter-
feron-beta production (26). In a model of murine cardiac 
transplantation, adiponectin attenuated allograft rejec-

tion in major histocompatibility complex class II mis-
matched transplants (27).

Another adipokine, resistin, forms an important link be-
tween obesity, insulin resistance, and diabetes (28,29). In 
humans, increased levels of resistin have been found in 
mononuclear leukocytes and macrophages (30). Resistin 
has further been associated with inflammation in system-
ic autoimmune diseases (31) and might counteract adi-
ponectin action with regards to macrophage function by 
promoting a pro-inflammatory state (32,33).

An association between serum high-molecular-weight 
(HMW) adiponectin levels and cGVHD severity in alloge-
neic HSCT recipients was first suggested in a retrospective 
analysis by Nakasone et al (34). However, they investigated 
HMW-adiponectin only and did not take into account that 
adiponectin levels inversely correlated with the body mass 
index (BMI) (35,36). We performed a prospective study to 
investigate the association of total adiponectin and classi-
cal inflammatory markers and the transplant outcome in-
cluding the occurrence of aGVHD and cGVHD, as well as 
relapse and survival. Besides adiponectin levels, we calcu-
lated the ratio of the absolute adiponectin plasma levels 
and BMI in order to compensate for the fact that adiponec-
tin levels are closely correlated with adipose tissue mass 
and body mass index (37,38). Whereas Nakasone et al (34) 
compared autologous transplant recipients to healthy con-
trols (34), we compared them to allogeneic ones, in order 
to have patient groups with comparable toxicity profiles 
related to the administration of conditioning therapies.

PAtients And metHOds

Patients and study design

Between November 2008 and December 2010, we pro-
spectively collected serum samples from patients undergo-
ing either autologous (n = 12; 10 male) or allogeneic (n = 28; 
11 male) HSCT (Table 1). Blood samples were obtained 
at the following time points: on admission (7 days before 
HSCT; T-1), on the day of HSCT (T0), during aplasia (defined 
by absolute neutrophil count <0.5 G/L; T+1), on the day of 
engraftment (defined by absolute neutrophil count >0.5 
G/L; T+2), 1 month after HSCT (T+3), 3 to 6 months after 
HSCT (T+4), and 6 to 12 months after HSCT (T+5).

41 consecutive patients were included into the study. 1 pa-
tient died two days after enrolment and was excluded from 
the analysis, leaving 40 patients for the analysis. Patients 
were enrolled prior to the start of myeloablative (n = 26) 
or reduced-intensity conditioning (RIC, n = 14) for HSCT. 
Autologous HSCT patients (n = 12) served as controls. The 
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diagnosis and the severity of aGVHD and cGVHD were de-
termined based on the modified Glucksberg and NIH clas-
sification (11,39,40). All patients received anti-infective 
prophylaxis as previously described (41). This study was 
approved by the Institutional Review Board of the Medi-
cal University of Vienna. All patients gave written informed 
consent in accordance with the Declaration of Helsinki.

enzyme-linked immunosorbent assay

Serum adiponectin and resistin concentrations were mea-
sured using enzyme-linked immunosorbent assay (ELISA) 

according to the manufacturer’s instructions (Resistin and 
Adiponectin Human ELISA, BioVendor R&D, Brno, Czech 
Republic). Since adiponectin levels closely correlate with 
adipose tissue mass and BMI (37,38), values were addition-
ally calculated as ratio adiponectin/BMI (42). The reference 
range of adiponectin plasma levels is between 2 and 15 
µg/mL (43,44) and that of resistin plasma levels is between 
10 and 30 ng/mL (45). Serum amyloid-A (SAA), hapto-
globin (HPT), and fibronectin (FNC) were measured as clas-
sical markers of inflammation by nephelometry (Behring 
Nephelometer, Siemens Healthcare Diagnostics GmbH, 
Munich, Germany).

tAble 1. Patients’ characteristics

All n (%) Allogeneic n (%) Autologous n (%)

number of patients 40 (100) 28 (70) 12 (30)
median age in years (range) 46 (34-56) 44 (34-56) 48 (42-49)
sex
male 21 (53) 11 (39) 10 (83)
female 19 (47) 17 (61)  2 (17)
bmi on admission 22.9 25.8
bmi overall mean (range) 25 (17.6-33) 24.6 (17.6-33)† 25.8 (19-31.2)†

diagnosis
acute myeloid leukemia 21 (53) 21 (75)  0 (0)
chronic myeloid leukemia  1 (3)  1 (4)  0 (0)
lymphoma  9 (23)  5 (18)  4 (33)
myeloma  6 (15)  0 (0)  6 (50)
other‡  3 (8)  1 (4)  2 (17)
disease status at transplantation
standard risk§ 21 (53) 15 (54)  6 (50)
high risk§ 19 (48) 13 (46)  6 (50)
Conditioning
myeloablative 26 (65) 14 (50) 12 (100)
Reduced-intensity conditioning 14 (35) 14 (50)  0 (0)
stem cell donors
related 11 (39) 11 (39)  N/A
unrelated 17 (61) 17 (61)  N/A
HLA-identical 21 (75) 21 (75)  N/A
HLA-mismatched  7 (25)  7 (25)  N/A
stem cell source
bone marrow  1 (3)  1 (4)  0 (0)
peripheral blood stem cells 39 (98) 27 (96) 12 (100)
Post-transplant immunosuppressive prophylaxis
cyclosporine only  4 (10)  4 (14)  N/A
cyclosporine-methotrexat 14 (35) 14 (50)  N/A
cyclosporine-mycophenolate mofetil 10 (25) 10 (36)  N/A
median follow-up, months (range) 26 (0.1-46) 24 (0.1-46) 30.3 (4.3-46)
*n – number of patients; bmi – body mass index; HlA – human leukocyte antigen.
†difference between groups is statistically significant.
‡Other diagnoses included myelodysplastic syndrome and chronic lymphocytic leukemia. §standard risk was defined as acute leukemia in the first 
or second complete remission or chronic myeloid leukemia in the first chronic phase. High-risk disease included myelodysplastic syndrome, acute 
and chronic leukemia beyond second complete remission or in relapse, as well as chronic myeloid leukemia beyond the first chronic phase.
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statistical analysis

NRM was defined as any death not related to the underly-
ing malignancy. Relapse was defined as recurrence of ma-
lignancy after achievement of complete remission, with 
NRM as a competing risk. Cumulative incidences of acute 
and chronic GVHD were estimated considering relapse/
progression and death as a competing event. OS was cal-
culated from the day 0 of HSCT to the day of death from 
any cause or last follow-up.

Normality was tested using the Kolmogorov-Smirnov 
test. Serum levels in patient groups were compared using 
unpaired t test in case of variables with normal distribu-
tion, otherwise the Mann-Whitney U test was used. Fisher 
exact test was used to test the significance of the asso-
ciation between two variables. Multiple linear regression 
was used to determine the relationship between two or 
more explanatory variables and a response variable. Dif-
ferences were considered statistically significant at a two-
sided P value <0.05. P-values were corrected for multiple 

testing. The data are presented as mean and standard de-
viation or median and interquartile range. Statistical anal-
ysis was performed using SPSS 20.0 (IBM Corp, Armonk, 
NY, USA).

Results

demographics

The study included 40 patients. Apart from sex and disease, 
there were no significant differences in patient character-
istics between the autologous and the allogeneic HSCT 
patients (Table 1). Women had slightly higher adiponectin 
levels and adiponectin/BMI ratios, but the difference was 
not significant (P = 0.053, t test) (34-36).

Adiponectin and resistin during HsCt

Patients who received myeloablative conditioning (n = 14) 
had significantly lower adiponectin levels at T0 (11 vs 25.3 
µg/mL, P = 0.028, t test) and significantly higher resistin lev-
els at T+2 (2.9 vs 3.8 ng/mL, P = 0.029, t test) than patients 
receiving RIC (n = 14).

No other patient characteristic or clinical parameter (age, 
sex, BMI, donor source, HLA identity, stem cell source, and 
GVHD prophylaxis) had a significant impact on adiponec-
tin and resistin levels (multiple linear regression).

Acute GVHd

Cumulative incidence of aGVHD was 64% (n = 18) at a 
mean of 21.5 (16.5-32) days after HSCT, including 67% 
of patients (n = 12) with grades 2-4 (Table 2). Mean adi-
ponectin levels in patients with established aGVHD grades 
2-4 were 18.5 ± 9.7 µg/mL compared to 9.3 ± 4.8 µg/mL 
(P = 0.071, t test) in autologous HSCT controls (Figure 1A, 
measured at disease maximum); mean adiponectin/BMI 
ratio in patients with established aGVHD grades 2-4 was 
0.82 ± 0.3 compared to 0.39 ± 0.30 (P = 0.068, t test) in au-
tologous controls (Figure 1B, measured at disease maxi-
mum). Mean resistin levels in patients with established 
aGVHD were 4.6 ± 3.3 ng/mL compared to 7.3 ± 2.1 ng/mL 
in autologous controls (P = 0.030, t test, Figure 1A, mea-
sured at disease maximum). Resolution of aGVHD without 
later development of cGVHD (n = 7) was associated with 
a decrease in adiponectin levels to a mean of 13.2 ± 10.4 
µg/mL (P = 0.037, Mann-Whitney-U test) and an increase 
in resistin levels to 13.8 ± 2.5 ng/mL (P = 0.033, Mann-Whit-
ney-U test).

tAble 2. Characteristics of acute graft vs host disease (aGVHd) 
and chronic GVHd (cGVHd)*†

aGVHd n (%) cGVHd n (%)

total 18 (64)  17 (61)
sex patient (female) 10 (56)  11 (65)
sex donor (female) 8 (44)   6 (35)
CmV patient positive 11 (61)   8 (47)
CmV donor positive 12 (67)  10 (59)
Organ involvement
skin 14 (78)  11 (65)
eyes  11 (65)
oral mucosa   8 (47)
liver 10 (56)  10 (59)
lungs   4 (24)
gastrointestinal system 10 (56)   2 (12)
joints   1 (6)
severity score (disease maximum) Glucksberg NIH
1  6 (33)  10 (59)
2  7 (39)   4 (24)
3  4 (22)   3 (18)
4  1 (6)   0 (0)
Onset type of cGVHd
de novo   6 (35)
quiescent   6 (35)
progressive   5 (29)
median time to first onset of 
GVHd in days, (range)

27 (10-80) 123 (75-222)

*CmV – cytomegalovirus.
†data displayed as cumulative incidences.
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Patients with subsequent aGVHD grades 2-4 (n = 18) had 
significantly higher adiponectin levels (23.4 vs 9.6 µg/mL, 
P = 0.041, t test) and adiponectin/BMI ratios (1.0 vs 0.4, 
P = 0.008, t test) during aplasia than autologous controls 
(Figure 2). They also had significantly reduced resistin until 
day 32 (the day of the latest aGVHD diagnosis) than con-
trols at T+1 (5.3 vs 13.3 ng/mL, P = 0.001, and 5.1 vs 7.3 ng/
mL, P = 0.033, t test).

Besides a significant reduction in SAA (30.7 vs 145 µg/mL, 
P = 0.04) at engraftment and 1 month after HSCT, no dif-
ferences in other classical inflammation markers were ob-
served between patients with aGVHD grades 2-4 and au-
tologous controls.

Except for donor source (related vs unrelated donor, 39% 
vs 61%, P = 0.050, t test) and BMI, no other patient charac-
teristic or clinical parameter (age, sex, HLA identity, stem 
cell source, conditioning regime, and GVHD prophylaxis) 
had an impact on the incidence of acute GVHD (multiple 
linear regression).

Chronic GVHd

Cumulative incidence of cGVHD was 61% (n = 17) at a 
mean of 123 (range, 75-222) days after HSCT, including 
41% (n = 7) patients with grades 2-3 (Table 2). Adiponectin 
levels were elevated in patients with established moderate 
to severe cGVHD (n = 17) compared to autologous controls 
(13.5 vs 7.6 µg/mL, P = 0.051, t test, Figure 3A, measured 
at disease maximum) but the difference was not signifi-
cant. Adiponectin/BMI ratios were significantly higher in 

patients with established moderate/severe cGVHD than in 
autologous controls (0.59 vs 0.25, P = 0.006,, t test, Figure 
3B, measured at disease maximum). No significant differ-
ences in resistin levels were observed compared to autolo-
gous controls or allogeneic patients with no cGVHD.

At the time point prior to the onset of cGVHD, future 
cGVHD patients had a significantly higher adiponectin/BMI 
ratio (0.9 vs 0.2, P = 0.032, t test) than autologous controls. 
Also, they had significantly higher adiponectin levels (16.9 
vs 9.6 µg/mL, P = 0.042) and adiponectin/BMI ratios during 
aplasia (T+1) (0.8 vs 0.4, P = 0.038, t test).

FiGuRe 1. Adiponectin (AdiPOQ) and resistin (Res) levels (A) and AdiPOQ/body mass index (bmi) ratio (B) in patients with estab-
lished acute acute graft vs host disease (aGVHd) compared to autologous controls; measured at disease maximum.

FiGuRe 2. Adiponectin (AdiPOQ) (A) and AdiPOQ/body mass 
index (bmi) ratio (B) in patients subsequently developing 
acute graft vs host disease (aGVHd) compared to autologous 
controls during aplasia.
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Patients with cGVHD also had significantly higher FNC lev-
els on admission (33.6 vs 7.8 µg/mL, P < 0.001, t test) and 
higher SAA levels 1 month after HSCT (13.8 vs 4.9, P = 0.033, 
t test) than autologous controls. When compared to non-
cGVHD patients (n = 11), patients with cGVHD only had sig-
nificantly reduced SAA at T0 and T+4 (9 vs 262, P = 0.034 
and 5 vs 72, P = 0.010, t test).

Patient outcome

Overall, 13 patients (32%) died within a mean of 8 months 
after HSCT. Prior to HSCT (T-1), only HPT levels were sig-
nificantly higher in all patients subsequently dying than 
in all survivors of HSCT (135 vs 82 µg/mL, P = 0.013, t test). 
From T+2 through T+5, resistin, but not adiponectin or 
adiponectin/BMI ratio, was significantly higher in non-sur-
viving allogeneic patients than in surviving allogeneic pa-
tients (Figure 4). Patient characteristics and clinical param-
eters that had an impact on overall survival in multivariate 
analyses were lower age at T0 (P = 0.052, multiple linear re-
gression), but not sex, conditioning, HLA identity, stem cell 
source, or GVHD prophylaxis. Importantly, we did not ob-
serve differences in mortality, relapse, aGVHD, and cGVHD 
with regard to sex.

9 patients (22.5%) died within a mean of 4.7 months after 
HSCT due to relapse of their primary diseases. 4 patients 
(10%) died within a mean 14.5 months after HSCT due to 
causes that were not related to their primary disease (non-
relapse mortality, NRM; causes of death: sarcoma, infection, 
cGVHD, aGVHD).

Patients dying from relapse had significantly lower adi-
ponectin levels (8.2 vs 30.4 µg/mL, P = 0.007) and adiponec-
tin/BMI ratios (0.3 vs 1.1, P = 0.004) prior to HSCT (T-1) than 
patients experiencing NRM. Patients dying from relapse 
also had significantly lower adiponectin levels (8.2 µg/mL) 
and adiponectin/BMI ratio (0.3) at T-1 than surviving allo-
geneic (15.8 µg/mL, P = 0.030 and 0.7, P = 0.004, t test) and 
surviving autologous patients (19.2 µg/mL, P = 0.031 and 
0.7, P = 0.021, t test). Throughout the whole study period, 
patients dying from relapse had higher adiponectin levels 
and adiponectin/BMI ratio than surviving allogeneic pa-
tients and all surviving patients (Figure 5). Allogeneic NRM 
patients (n = 4) did not show significantly different levels of 

FiGuRe 3. Adiponectin (AdiPOQ) and resistin (Res) levels (A), and AdiPOQ/body mass index (bmi) ratio (B) in chronic graft vs host 
disease (cGVHd) patients compared to autologous controls; measured at disease maximum.

FiGuRe 4. Resistin (Res) levels in relapsing non-survivors com-
pared to surviving allogeneic patients.
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adiponectin, resistin, or adiponectin/BMI ratio from surviv-
ing allogeneic patients. No impact of patient clinical char-
acteristics on NRM or relapse was observed (multiple linear 
regression).

disCussiOn

Our study was the first to show elevated adiponectin lev-
els and adiponectin/BMI ratio in aGVHD and cGVHD and 
lower resistin levels in aGVHD. Also, patients dying from re-
lapse had higher adiponectin levels and adiponectin/BMI 
ratio than surviving allogeneic patients. Adiponectin lev-
els and adiponectin/BMI ratio were significantly higher in 
established moderate/severe cGVHD. These results are in 
accordance with the previous work by Nakasone (34). Fur-
thermore, we reported a predictive value of adiponectin 
and resistin during aplasia (T+1) for subsequent develop-
ment of aGVHD and cGVHD, suggesting that a change in 
adipokine levels precedes GVHD. This has not been shown 
before and might reflect pathophysiologic changes that 
take place at a very early stage before the appearance of 
clinical signs of GVHD. We interpret these results as a stron-
ger, probably compensatory anti-inflammatory response in 
patients with a subsequent development of aGVHD direct-
ly after HSCT (at T+1), probably due to more tissue damage 
following conditioning and a consecutive pro-inflamma-
tory up-regulation of resistin and SAA (at T+2 and T+3) at 
the initiation of aGVHD. Considering the anti-inflammatory 
properties of adiponectin and the pro-inflammatory prop-
erties of resistin, this phenomenon might represent two 
phases of the immunologic state activation of the white 
adipose tissue during GVHD.

An important finding of our study was that adiponectin 
levels and adiponectin/BMI ratios prior to HSCT (T-1) were 

significantly lower in patients subsequently dying from a 
relapse of their underlying disease. While this finding might 
not necessarily be causally connected to HSCT, it may still 
indicate that adipokines are involved in a broader regula-
tion of the immune response during critical illnesses, with 
higher levels probably having a protective role. However, 
since we investigated HSCT patients only, this statement 
remains speculative. Resolution of aGVHD was accompa-
nied by a significant reduction of adiponectin and resistin 
levels, as reported earlier (34).

The factors associated with improved overall survival were 
younger age and a normal BMI (18.5-25). While older age 
is unarguably associated with a worse outcome (1,3-5), 
conflicting data have been reported on BMI (46-48). Since 
most of our patients had normal body weight or were 
overweight (BMI 25-30) at admission, our findings cannot 
be applied to obese or underweight patients. Therefore, 
we could not confirm previously reported higher survival 
rates in patients with a BMI>30 (49).

We observed lower adiponectin levels and adiponectin/
BMI ratios in patients who received myeloablative condi-
tioning regimen compared to RIC. At present, there is no 
evidence if and how the conditioning regimen impacts 
adipocytes, the main source of adiponectin in humans. We 
can only speculate that myeloablative conditioning de-
creases adiponectin production by adipocytes or the adi-
pocyte population itself. However, this observation might 
not indicate a causal relationship.

Annaloro et al (50) reported lower adiponectin levels in 
long-term allogeneic HSCT survivors with metabolic syn-
drome and higher BMI. Demographic characteristics of 
these patients were comparable to those of our par-

FiGuRe 5. Adiponectin (AdiPOQ) (A) and AdiPOQ/body mass index (bmi) ratio (B) in surviving autologous, surviving allogenous, non-
relapsing non-survivors (nRm), and relapsing non-survivors (Rm) in the course of hematopoietic stem cell transplantation (HsCt).
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ticipants, as were adiponectin levels. In this study, GVHD 
was not a predictor of metabolic syndrome in the subset of 
allogeneic HSCT recipients. Since adiponectin levels were 
inversely correlated with BMI but also were higher in GVHD 
patients with similar BMI, this finding might indicate that 
adiponectin is indeed involved in the pathophysiology of 
GVHD. However, Annaloro et al did not report any correla-
tion with mortality or GVHD.

Adiponectin acts both pro- and anti-inflammatory, though 
most authors report only its anti-inflammatory properties. 
This makes the interpretation of the results particularly dif-
ficult: is adiponectin an additional factor causing GVHD or 
is it a key regulator inhibiting proinflammatory responses? 
Since in our study adiponectin/BMI ratios were higher in 
the non-relapsing and surviving patients, we propose that 
adiponectin has an anti-inflammatory effect during alloge-
neic HSCT. This assumption is supported by Katsiougiannis 
et al (51), who demonstrated that adiponectin protects sal-
ivary gland epithelial cells from apoptosis in Sjogren’s syn-
drome. Nakasone et al (34), on the other hand, proposed 
pro- and anti-inflammatory action in GVHD.

Proinflammatory action of adiponectin has been described 
mostly in vitro (52-54). Since recombinant adiponectin is 
very often contaminated by LPS (55) and its proinflamma-
tory properties have not been described in vivo, we think 
that a relevant proinflammatory action of adiponectin in 
GVHD can currently be neglected.

The design of this study does not allow further in-depth 
investigation of the underlying mechanisms, so conclu-
sions about them have to be drawn very carefully. The 
small sample size also poses a significant limitation, al-
though the prospective design might counterbalance this. 
Furthermore, we speculated that adiponectin and resistin 
actions were not specific for GVHD, however we failed to 
provide evidence for this assumption. We cannot answer 
the very relevant question posed by Nakasone et al (34) 
whether high adiponectin levels in cGVHD are a primary 
or a secondary event. Another limitation is that we did not 
differentiate between different forms of adiponectin, since 
recent reports have shown that distinct isoforms might in-
duce different effects in vivo and in vitro (56-58). We con-
firmed previous findings that adiponectin levels and adi-
ponectin/BMI ratios were higher in women (37,38). Since 
in our study the autologous HSCT group consisted mainly 
of male patients, adiponectin levels in this group might 

be lower than in a group with equal sex distribution. 
This has to be taken into account in further stud-

ies. Although we did provide data on survival, the primary 
aim of the study was not to detect differences in mortal-
ity. However, some results indicate a possible involvement 
of adipokines in the pathomechanism of relapse, which 
might be a useful basis for further research.

Our data suggest a distinct expression of adiponectin and 
resistin during the course of HSCT. In this regard, further re-
search is needed to clarify our observations. The next logi-
cal step would be to correlate the anti-inflammatory action 
in GVHD with specific adiponectin isoforms in a prospec-
tive study. In conclusion, adiponectin and resistin were al-
tered during the occurrence of acute and chronic GVHD 
and were associated with overall survival and relapse mor-
tality in patients undergoing allogeneic HSCT compared 
to autologous controls. Both cytokines could have a role in 
the pathophysiology of GVHD and should be evaluated in 
further studies.
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