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Recently, a growing body of evidence has
suggested that adiponectin, which is se-
creted by adipose tissues, plays a critical
role in obesity-related and autoimmune
diseases. We compared the concentra-
tions of adiponectin among 26 normal
subjects and 34 allogeneic stem cell trans-
plantation recipients. The concentrations
of adiponectin were significantly higher
in recipients with chronic graft-versus-

host disease (cGVHD) than those in sub-
jects without cGVHD (21.7 � 11.0 vs
9.1 � 6.1 �g/mL in females, P < .001; and
10.1 � 6.8 vs 4.3 � 2.9 �g/mL in males,
P � .003). Multivariate analysis revealed
that a higher concentration of adiponec-
tin was associated with female sex
(�-coefficient 8.2, P < .0001) and the se-
verity of cGVHD (�-coefficient 6.6, 12.7,
and 15.6, P < .01, each for mild, moder-

ate, and severe cGVHD, respectively). In
addition, adiponectin levels increased as
cGVHD progressed, decreased as cGVHD
improved, and did not change with stable
cGVHD. In conclusion, adiponectin was
associated with the severity of cGVHD
and might play a role in the pathophysiol-
ogy of cGVHD. (Blood. 2011;117(12):
3469-3472)

Introduction

Chronic graft-versus-host disease (cGVHD) is a major problem
after allogeneic stem cell transplantation (allo-SCT) and dramati-
cally impairs the recipient’s quality of life.1,2 Clinical symptoms of
cGVHD resemble those of autoimmune diseases, including sclero-
derma and sicca syndrome. Therefore, an immune abnormality
similar to that in autoimmune diseases may play a role in the
development of cGVHD, although the actual pathophysiology
remains unknown.3 In cGVHD, inflammatory cytokines that modu-
late T and B cells, such as tumor necrosis factor-� and soluble
B-cell activation factor, have been well investigated.4,5 However, it
remains to be elucidated whether other endocrine substances may
play a role in cGVHD. Recently, it has been revealed that
adiponectin, an adipokine that is secreted by adipose tissues, is
associated with immunity and inflammation and may play a critical
role in both obesity-related and autoimmune diseases.6-11 There-
fore, we compared the serum adiponectin levels among allo-SCT
recipients and normal subjects to assess the association between
adiponectin and cGVHD.

Methods

We retrospectively reviewed the clinical records of 34 patients (21 with
myeloid malignancies, 11 with lymphoid malignancies, and 2 with aplastic
anemia) who received allo-SCT between March 2008 and March 2010 and
who survived for at least 180 days after SCT. The diagnosis and the severity
of cGVHD were determined based on the National Institutes of Health

classification.12 In addition, we collected data regarding age, sex, and body
mass index (BMI) of these patients as well as those of 26 healthy subjects as
a control.

We measured the serum concentrations of high-molecular-weight
(HMW) adiponectin by an enzyme-linked immunosorbent assay according
to the manufacturer’s instructions (Fujirebio Inc). To compare HMW-
adiponectin levels among groups, we used the first samples obtained at least
6 months after SCT and performed Student t test/analysis of variance for
categorical variables and a regression analysis for continuous variables.
Thereafter, multiple regression analysis was performed with backward
stepwise selection. Furthermore, we calculated the ratios of later-to-prior
HMW adiponectin between each pair of consecutive samples in the same
patients and assessed the impact of the clinical changes in cGVHD on
HMW adiponectin concentrations using analysis of variance after logarith-
mic conversion among recipients grouped according to worsening, stable,
and improving cGVHD. Statistical significance was defined as a 2-sided P
value of less than .05. This study was approved by the Institutional Review
Board of Jichi Medical University, and all patients gave written informed
consent for the cryopreservation and analyses of blood samples in
accordance with the Declaration of Helsinki.

Results and discussion

Patient characteristics

The characteristics of the 34 allo-SCT recipients are presented in
Table 1. Of these, 22 had cGVHD at the sampling, including 7 and
4 with moderate and severe cGVHD, respectively. Sampling was
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performed at a median 189 days after SCT (range, 177-434 days).
Their median age was 38.5 years (range, 16-65 years). Their
median weight loss after SCT and median BMI at sampling were
4.1 kg (range, �16.9-26.5 kg) and 20.3 kg/m2 (range, 15.3-34.6 kg/
m2), respectively. The 26 normal healthy subjects included 11 males
and 15 females. Their median age and BMI were 40 years (range,
28-68 years) and 21.71 kg/m2 (range, 17.31-29.47 kg/m2),
respectively.

Comparison of the concentrations of HMW adiponectin

Sex and BMI are known to be associated with the concentration of
adiponectin.13 Therefore, HMW adiponectin levels were compared
among groups stratified according to sex and BMI (Figure 1A-B).
The concentrations of HMW adiponectin were significantly higher
in recipients with cGVHD than those in subjects without cGVHD
(21.7 � 11.0 vs 9.1 � 6.1 �g/mL in females, P � .001; and

Table 1. Patient characteristics and adiponectin concentrations among subgroups

Characteristic Number Value
HMW adiponectin, �g/mL

(mean � SD) Univariate P
Multivariate

�-coefficient (95% CI) P

Sex, n

Male 18 7.9 � 6.0 .0008 — —

Female 16 18.9 � 10.8 9.1 (3.9-14.3) .0013

Median age, y (range) 38.5 (16-65) 0.0002 � 0.11* NS — —

Median weight loss from SCT, kg (range) 4.1 (�16.9-26.5) 0.14 � 0.22* NS — —

Median body mass index at time of

sampling, kg/m2 (range)

19.1 (15.3-34.6) 1.0 � 0.41* .016 NS —

Conditioning regimen

Cy/TBI 19 10.1 � 8.5 NS — —

Cytarabine/TBI 1 18.6

RIC 15 16.4 � 11.4

Donor sex

Male 16 10.8 � 9.7 NS — —

Female 18 15.2 � 10.3

Donor source

Matched related 10 11.8 � 12.2 NS — —

Matched unrelated 13 13.5 � 9.5

Mismatched related 6 12.9 � 8.3

Mismatched unrelated 5 15.0 � 11.9

Bone marrow or peripheral blood

Bone marrow 19 14.1 � 9.7 NS — —

Peripheral blood 15 11.9 � 10.9

aGVHD

Grade 0 or 1 20 11.3 � 9.3 NS — —

Grade 2-4 14 15.7 � 11.0

Type of GVHD at sampling

None 10 7.0 � 5.0 .031 NA —

Late onset aGVHD 2 7.2 � 3.0

cGVHD (classic/overlapped) 22 (19/3) 6.4 � 10.9

Severity of cGVHD at sampling

None � late aGVHD 12 7.1 � 4.6 .031 — —

Mild 11 13.6 � 12.0 5.3 (�0.93-11.5) .09

Moderate 7 19.1 � 8.4 9.0 (2.3-15.7) .011

Severe 4 19.4 � 12.1 15.4 (7.2-23.6) .0006

Organ involvements of cGVHD at

sampling

Skin 11 14.9 � 9.7 NS — —

Mouth 16 16.3 � 9.7 NS — —

Eye 3 17.9 � 9.0 NS — —

Gut 3 26.0 � 14.1 .022 NS —

Liver 10 15.3 � 7.7 NS — —

Other 4 17.6 � 7.9 NS — —

Lung (BO/BOOP) 0/1 — — — —

Muscle/joint 1 — — — —

Genital tract 1 — — — —

Serositis 1 — — — —

Steroid use at sampling day

No administration 17 9.2 � 6.4 .021 — —

On administration 17 17.0 � 11.8 — 6.9 (1.7-12.1) .012

P � .05 was considered significant.
CI indicates confidence interval; Cy, cyclophosphamide; TBI, total body irradiation; RIC, reduced intensity conditioning; aGVHD, acute GVHD; BO, bronchiolitis obliterans;

BOOP, bronchiolitis obliterans organizing pneumonia; NS, not significant; —, not applicable; and NA, not assessed.
*Changes in adiponectin are shown with a 1-unit increase in continuous variables.
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10.1 � 6.8 vs 4.3 � 2.9 �g/mL in males, P � .003), respectively
(Figure 1A). The concentration of HMW adiponectin was inversely
correlated with BMI (R2 � 0.20, P � .0003). Furthermore, the
HMW adiponectin levels in recipients with cGVHD were higher
than those in normal subjects and recipients without cGVHD in
each stratified BMI group (Figure 1B).

When we analyzed only allo-SCT recipients, a univariate
analysis revealed that a high HMW adiponectin level was associ-
ated with female sex, low BMI, the presence and the severity of
cGVHD, gut involvement, and steroid administrations. Multiple
regression analysis revealed that a high HMW adiponectin level
was associated with female sex, steroid administrations, and the
severity of cGVHD among allo-SCT recipients (Table 1). When the
26 normal subjects were included, it was further confirmed that a
high HMW adiponectin level was associated with female sex
(�-coefficient � 8.2; 95% confidence interval, 4.7-11.8, P � .0001)
and the severity of cGVHD (�-coefficient � 6.6; 95% confidence
interval, 1.8-11.4; �-coefficient � 12.7; 95% confidence interval,
7.0-18.3; and �-coefficient � 15.6; 95% confidence interval, 8.4-
22.9, P � .01 each for mild, moderate, and severe cGVHD,
respectively), whereas there was no difference between recipients
without cGVHD and normal subjects (P � .28; Figure 1C).

Impact of clinical changes in cGVHD on HMW adiponectin

To assess the impact of clinical changes in cGVHD on serum
HMW adiponectin levels, we analyzed 58 serial sera with a median
interval of 84 days (range, 24-196 days) from 19 patients.
Worsening, improving, and stable cGVHD were observed in the
13, 7, and 19 sample pairs, respectively. The ratios of the
later-to-prior HMW adiponectin levels between adjacent samples

were associated with clinical changes in cGVHD; the HMW
adiponectin level increased as cGVHD progressed, decreased as
cGVHD improved, and did not change with stable cGVHD (Figure
1D, P � .01 each for comparison between worsening and stable/
improving pairs).

Adiponectin is a type of adipokine, which are peptides secreted
mainly from adipose tissues. It exists in multimers, and HMW
adiponectin is thought to have the greatest effect on immunity and
inflammation.7 However, adiponectin has been shown to have both
proinflammatory and anti-inflammatory functions; thus, it is diffi-
cult to interpret the relationship between a high serum adiponectin
level and the development of cGVHD.

First, adiponectin itself might induce cGVHD via its proinflam-
matory effect. In rheumatoid arthritis models, adiponectin stimu-
lated the secretion of proinflammatory cytokines, including interleu-
kin-6, interleukin-8, matrix metalloproteinase, and monocyte
chemoattractant protein-1.6,8,14 In addition, adiponectin has been
reported to stimulate the production of extracellular matrix by
dermal fibroblasts.15 Therefore, adiponectin may directly induce
excessive extracellular matrix and fibrosis as a symptom of
cGVHD.

On the other hand, the high adiponectin level in patients with
cGVHD might be a response to inflammation in cGVHD because
adiponectin has been shown to have an anti-inflammatory function.
In vitro, adiponectin suppressed proinflammatory cytokines, includ-
ing tumor necrosis factor-�, interleukin-1�, and adhesion molecule
activities in human endothelial and cardiac cells.16-18 Indeed,
several clinical observations have suggested that a high adiponectin
level may help protect against vascular inflammation in obesity-
related diseases, such as type 2 diabetes mellitus, cardiovascular
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Figure 1. The levels and kinetics of HMW adiponectin. (A) Concentrations of HMW adiponectin by sex among normal healthy subjects and recipients without GVHD, with
late acute GVHD, and with National Institutes of Health cGVHD. (B) Concentrations of HMW adiponectin among normal health subjects and recipients without GVHD, with late
acute GVHD, and with National Institutes of Health cGVHD according to BMI less than 18, 18 to 22, and more than 22 kg/m2 groups. (C) Concentrations of HMW adiponectin by
sex and the NIH severity of cGVHD. (D) Comparison of the ratios of the later-to-prior HMW adiponectin between adjacent samples according to clinical changes in cGVHD:
worsening, improving, and stable cGVHD groups. Ratio 	 1 indicates that adiponectin levels increased over time; ratio � 1, adiponectin levels did not change over time; and ratio � 1,
adiponectin levels decreased over time.
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disease, and metabolic syndrome.7,19-22 The adiponectin level may
increase to suppress the systemic inflammation of cGVHD as
observed in Sjogren syndrome, in which increasing adiponectin
rescues salivary gland epithelial cells from apoptosis.23

To date, an Italian group has evaluated the serum adiponectin
levels in the context of metabolic syndrome in long-term allo-SCT
survivors.24 The mean adiponectin level was 15.8 and 22.6 �g/mL
in recipients with and without metabolic syndrome, respectively.
The values seemed higher than those in normal subjects. Although
they did not analyze the relationship between the serum adiponec-
tin level and cGVHD, a high adiponectin level might also be
associated with cGVHD.

To our knowledge, the current study is the first to suggest an
association between the serum adiponectin level and the severity of
cGVHD. However, there might be a bias because of the retrospec-
tive nature of the study and the small population. Therefore, a
further, large prospective study is warranted to assess the associa-
tion between adiponectin and the severity of cGVHD. In addition, a

further basic investigation is also needed to elucidate whether a
high adiponectin level in cGVHD is a primary or secondary event
and how adiponectin influences the pathophysiology of cGVHD.
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