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Abstract: We investigated the value of autoantibodies as biomarkers of chronic graft-versus-host disease (cGVHD) by
analyzing the autoantibody profiles of 65 patients (34 cGVHD and 31 non-cGVHD) surviving longer than three months
after allogeneic hematopoietic stem cell transplantation (allo-HSCT). Autoantibodies to at least one antigen were
detected in 45 patients (70.8%), with multiple autoantibodies detected in 30 patients (46.2%). Antinuclear antibodies
(ANAs) were the most frequently detected autoantibodies, with a significantly higher prevalence in non-cGVHD patients and cGVHD patients than that in healthy controls (HCs). ANA-nucleolar (ANA-N) was the main immunofluorescence pattern of ANA-positivity in both the non-cGVHD and cGVHD groups. There was a higher prevalence of
anti-Ro52-positivity in non-cGVHD and cGVHD patients than in HC. Liver cGVHD was significantly associated with
anti-Ro52-positivity. However, cGVHD activity and severity were not associated with the presence of autoantibodies.
Similarly, there were no significant differences in overall survival or relapse among the four groups of patients expressing autoantibodies. Our results suggest that autoantibodies have limited value in predicting cGVHD.
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1 Introduction
Chronic graft-versus-host disease (cGVHD) is
the most common cause of late non-relapse morbidity
and mortality among recipients of allogeneic hematopoietic stem cell transplantation (allo-HSCT). This
complication occurs in 20% to 70% of patients surviving for more than 100 d (Anasetti et al., 2012;
Fraser et al., 2006) and most commonly affects the
skin, liver, gut, lung, eye, and mouth. The immune
*
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responses associated with cGVHD exhibit similarities
with those in autoimmune disorders (ADs), such as
Sjögren syndrome, polymyositis, myasthenia gravis,
autoantibody-mediated hemolysis, and scleroderma
(Sherer and Shoenfeld, 1998; Sanz et al., 2007; Assandri et al., 2017). However, the pathogenesis of
cGVHD is not completely understood and the
mechanisms by which these autoimmune responses
develop remain to be clarified. cGVHD is initiated
when the host immune system encounters the recipient tissues, but as with ADs, the clinical manifestations of cGVHD may take months, or even years, to
manifest. There are increasing numbers of clinical
reports of an association between transplantation
and humoral autoimmunity, and although there can
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now be little doubt that transplantation may act as a
trigger for the development of autoantibodies, their
clinical significance and relationship with cGVHD
remain to be elucidated (Quaranta et al., 1999; Patriarca
et al., 2006; Ruck et al., 2008; Tyndall and Dazzi,
2008; Moon et al., 2009; Lepelletier et al., 2017).
In this study, we analyzed the autoantibody profiles of 65 patients surviving longer than three months
after allo-HSCT for a diagnosis of malignant hematological disease with the aim of detecting a possible
association between the occurrence of autoantibodies
and development of cGVHD after allo-HSCT.

2 Patients and methods
2.1 Patients
Sixty-five consecutive patients who underwent
allo-HSCT from Mar. 2010 to May 2017 were enrolled in this trial. Patients were subdivided in two
groups, patients (n=34) with a history of cGVHD and
a control group (n=31) of patients who did not have
cGVHD. We also included a group of age-, sex-, and
ethnicity-matched healthy volunteer blood donor controls (n=32) who had not undergone transplantation.
Stem cells were obtained from the following sources:
peripheral blood progenitor cells (56 patients; cGVHD
(n=29) and non-cGVHD (n=27)) and bone marrow
(9 patients; cGVHD (n=5) and non-cGVHD (n=4)).
Following centrifugation (1200g, 10 min, 4 °C), serum samples were collected and stored at −80 °C prior
to assay, usually within four weeks. Table 1 shows the
demographic and clinical features of the patients
included in this study.
This study was approved by the Ethics Committee of the First Affiliated Hospital, School of
Medicine, Zhejiang University (Hangzhou, China). In
accordance with the Declaration of Helsinki, all patients and control participants provided oral and
written informed consent to the provision of blood
samples.
2.2 GVHD prophylaxis and treatment
GVHD prophylaxis and treatment were performed according to the protocols described by
Luo et al. (2009) with the following modifications.
Main myeloablative conditioning regimen: busulfan/
cyclophosphamide administration without total body

irradiation. Reduced-intensity conditioning regimens:
predominantly fludarabine-based combinations without total body irradiation. Prevention of acute GVHD
(aGVHD): cyclosporin (administered at 2.5 mg/(kg·d)
intravenously from Day −7, with a target blood level
of 200–300 ng/mL and dosage tapered during the
second month post-transplantation according to the
chimeric status of the patient and evidence of GVHD);
mycophenolate mofetil (started orally at 500 mg/d on
Day +1, tapered from Day +28, and withdrawn on
Day +100); and short-term methotrexate (administered
at 10 mg/d on Days +1, +3, and +6). Primary treatment for GVHD: systemic corticosteroids.
2.3 GVHD assessment
All patients surviving for more than 7 d after
transplantation were considered at risk of developing
aGVHD, which was diagnosed and graded using
established criteria (Przepiorka et al., 1995), whereas
those surviving for 100 d or longer were monitored
for cGVHD, which was diagnosed according to the
definition of the National Institutes of Health (NIH)
Consensus Group Criteria (Filipovich et al., 2005).
2.4 Autoantibody detection
Peripheral blood samples were analyzed for 3, 6,
and 12 months and once a year for autoantibody profiling. Serum autoantibody levels in samples (diluted
1:100 (v/v) in phosphate-buffered saline (PBS)
Tween-20 (pH 7.2) immediately before examination)
were measured using indirect immunofluorescence
assay (IIFA). HEp-2 cells, neutrophils, and monkey
liver tissue (EUROIMMUN AG, Lübeck, Germany)
were used as substrates to detect antinuclear antibodies (ANAs) and antineutrophil cytoplasmic antibodies (ANCAs). Serum titer of 1:100 was considered positive and samples were titered at 1:320, 1:640,
and 1:1000 (v/v). ANA-positivity was subdivided into
the following categories according to specific fluorescence patterns: nuclear homogeneous (ANA-H),
nuclear speckled (ANA-S), centromere (ANA-C),
nucleolar (ANA-N), cytoplasmic (ANA-CY), and
other (ANA-O); the latter category included fluorescence patterns such as peripheral/rim or nuclear envelope, dense fine speckled (DFS), proliferating cell
nuclear antigen (PCNA), and multiple/few nuclear
dots. An IgG autoantibody panel of 27 specificities (Ro/
SSA, La/SSB, Sm, small nuclear ribonucleoproteins
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Table 1 Patient and transplantation characteristics
Characteristics

Non-cGVHD (n=31)

cGVHD (n=34)

P-value

Age (year)
Median

34

30

Range

18–66

15–61

Male

20 (65)

22 (65)

Female

11 (35)

12 (35)

AML

15 (48)

17 (50)

ALL

7 (23)

13 (38)

CML

5 (16)

1 (3)

MDS

3 (10)

1 (3)

NHL

1 (3)

2 (6)

26 (84)

28 (82)

5 (16)

6 (18)

27 (87)

29 (85)

4 (13)

5 (15)

4 (13)

5 (15)

27 (87)

29 (85)

26 (84)

26 (76)

0.26

Sex
0.99

Diagnosis
0.53

Disease status at HSCT
Standard risk
High risk

0.88

Conditioning regimens
Myeloablative
Reduced intensity conditionings

0.84

Stem cell source
Bone marrow
Peripheral blood stem cells

0.84

Stem cell donors
Related
Unrelated

5 (16)

8 (24)

28 (90)

27 (79)

3 (10)

7 (21)

None

18 (58)

15 (44)

Grades ≥II

13 (42)

19 (56)

HLA-identical
HLA-mismatched

0.47
0.23

aGVHD after HSCT
0.27

GVHD involvement
Skin

21 (62)

Eye

1 (3)

Oral mucosa

4 (12)

Liver

4 (12)

Lung

9 (26)

GI

8 (24)

Genital

1 (3)

Joint

3 (8)

NIH global severity
Mild

1 (3)

Moderate

19 (56)

Severe

14 (41)

Data are expressed as number (percentage) except age. GVHD, graft-versus-host disease; cGVHD, chronic GVHD; aGVHD, acute
GVHD; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia; MDS, myelodysplastic
syndrome; NHL, non-Hodgkin’s lymphoma; HSCT, hematopoietic stem cell transplantation; HLA, human leukocyte antigen; GI,
gastrointestinal tract; NIH, National Institutes of Health
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(snRNPs), topoisomerase I (Scl-70), histidyl-tRNA
synthetase (Jo-1), nucleosomes, histones, centromere protein A (CENP-A), CENP-B, polymyositisscleroderma 100 (PM-Scl100), PM-Scl75, Th/To,
fibrillarin, nucleolar organizing region 90 (NOR90),
Ku, RNA Polymerase Ⅲ subunits 11 (RP11), RP155,
platelet-derived growth factor receptor (PDGFR),
ribosomal P protein, anti-PCNA, anti-double-stranded
DNA (anti-dsDNA), anti-mitochondrial antibody M2
(AMA-M2), anti-liver kidney microsomal type 1
antibody (anti-LKM-1), anti-liver cytosolic antigen
type 1 (anti-LC-1), anti-soluble liver antigen/liver
pancreas (anti-SLA/LP)) and anti-Ro52 antibodies
was analyzed using the EUROLINE immunoassay
system (EUROIMMUN AG) according to the
manufacturer’s instructions and the results were graded
from weak to strong (i.e., “+”, “++”, and “+++”).
Serum samples were examined for anti-cyclic citrullinated peptide antibodies (anti-CCPs), anti-cardiolipin
antibodies (ACLAs), anti-proteinase 3 (PR3), and
anti-myeloperoxidase (MPO) (EUROIMMUN AG)
by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions.
2.5 Statistical analysis
Differences between groups were compared using Student’s t-test or the Mann-Whitney U-test for
continuous variables, and using χ2 test or Fisher’s
exact test for categorical variables. Overall survival
(OS) was analyzed using the Kaplan-Meier test, and
both groups were compared using a log-rank test or a
Breslow test. Disease relapse and cGVHD were considered competing risks in this analysis. Time to
cGVHD was measured from the date of transplantation (Zhang et al., 2017). Statistical analyses were
performed with SPSS 19.0 software (IBM Company,
Chicago, IL, USA). Two-sided P-values of <0.05
were considered to indicate statistical significance.

3 Results
3.1 GVHD development
We prospectively compared the clinical features
and plasma autoantibody expression variables among
patients with cGVHD (n=34) and without cGVHD
(n=31) following HSCT and healthy controls (HCs)
(n=32) to identify potential biomarkers of the occurrence and severity of cGVHD. In the cGVHD and

non-GVHD groups, the median time interval between
transplantation and enrollment in the study was
47 months (range, 7 to 108 months) and 36 months
(range, 10 to 108 months), respectively. There were
no significant differences in the incidences of grades
≥II aGVHD between the two groups of patients: 42%
in the non-cGVHD group compared with 56% in the
cGVHD group (P=0.27; Table 1). Furthermore, there
were no significant differences in transplant characteristics among the patients in these two groups.
Overall, the cGVHD occurred in 52% of the 65 patients. Among the 34 patients diagnosed as cGVHD,
the most frequent organ manifestations were skin
(62%), lung (26%), and gastrointestinal tract (GI) involvement (24%).
3.2 Prevalence of autoantibodies
Among the 65 patients who underwent allogHSCT, autoantibodies were detected in 45 patients
(70.8%) and multiple autoantibodies were detected in
30 patients (46.2%). Furthermore, the median time to
autoantibody detection was 23 months (range, 7 to
108 months) after transplantation. At least one autoantibody specificity was present in 21 non-cGVHD
patients (67.7%). This prevalence was similar to that
in 25 cGVHD patients (73.5%), but significantly
higher than that for HC (67.7% vs. 9.4%, P<0.0003
and 73.5% vs. 9.4%, P<0.0001, respectively; Table 2).
ANAs were the most frequently detected autoantibodies, with a significantly higher prevalence in
non-cGVHD patients (17/31; 54.8%) and cGVHD
patients (19/34; 55.9%) than in HC (54.8% vs. 6.2%,
P<0.0001 and 55.9% vs. 6.2%, P<0.0001, respectively). ANA-N was the main immunofluorescence
pattern (52.8%) of ANA-positivity in both the
non-cGVHD and cGVHD groups (Fig. 1) followed
by ANA-S (19.4%), ANA-CY (11.1%), ANA-H
(8.3%), ANA-O (5.6%), and ANA-C (2.8%), although there was no significant difference between the
two groups in terms of the proportions of the concomitant ANA staining patterns (Fig. 2). Furthermore, as
expected, there was a higher prevalence of anti-Ro52
antibodies in non-cGVHD patients (6/31; 19.4%) and
in cGVHD patients (6/34; 17.6%) than in HC (19.4%
vs. 3.1%, P=0.047 and 17.6% vs. 3.1%, P=0.049,
respectively). All the other antibodies assayed, including AMA-M2, anti-dsDNA, and anti-PDGFR, in
patients were negative or the autoantibodies were detected at the same frequency in patients and HC.
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Table 2 Prevalence of the autoantibodies in the non-cGVHD, cGVHD, and healthy control (HC) groups
Autoantibody
Any autoantibody
ANA (IFA)
Anti-U1-nRNP
Anti-Sm
Anti-SS-A
Anti-Ro/SS-A 52 kDa
Anti-SS-B
Anti-Scl-70
Anti-Jo-1
Anti-CENP-A
Anti-CENP-B
Anti-PM-Scl100
Anti-PM-Scl75
Anti-PCNA
Anti-dsDNA
Anti-nucleosomes
Anti-histones
Anti-ribosomal P protein
AMA-M2 (LIA)
Anti-RP11
Anti-RP155
Anti-fibrillarin
Anti-NOR90
Anti-Th/To
Anti-Ku
Anti-PDGFR
ACLA
Anti-CCP
Anti-PR3 (ELISA)
Anti-MPO (ELISA)
Anti-SLA/LP
Anti-LC-1
Anti-LKM-1

Non-cGVHD
(n=31)
21 (67.7)
17 (54.8)
0 (0.0)
0 (0.0)
4 (12.9)
6 (19.4)
0 (0.0)
0 (0.0)
1 (3.2)
1 (3.2)
2 (6.5)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (3.2)
0 (0.0)
1 (3.2)
2 (6.5)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (3.2)
0 (0.0)
0 (0.0)
0 (0.0)
1 (3.2)
0 (0.0)
0 (0.0)

Positive*
cGVHD
(n=34)
25 (73.5)
19 (55.9)
2 (5.9)
0 (0.0)
1 (2.9)
6 (17.6)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.9)
1 (2.9)
2 (5.9)
0 (0.0)
1 (2.9)
1 (2.9)
0 (0.0)
3 (8.8)
0 (0.0)
3 (8.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (8.8)
3 (8.8)
0 (0.0)
0 (0.0)

HC
(n=32)
3 (9.4)
2 (6.2)
0 (0.0)
0 (0.0)
1 (3.1)
1 (3.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

Non-cGVHD
vs. cGVHD
0.506
0.978
0.345

P-value
HC vs.
non-cGVHD
<0.0003a
<0.0001a

0.148
0.772

0.148
0.047a

1.000
1.000
0.345
0.500

1.000
1.000
0.500

HC vs.
cGVHD
<0.0001a
<0.0001a
0.345
0.966
0.049a

1.000
1.000
0.500

1.000
1.000

1.000
1.000

0.173

0.173

0.148

1.000

1.000
0.345

1.000
0.345

1.000

0.173

1.000

1.000

1.000

0.159
1.000

1.000

0.107
0.148

*

Data are expressed as number (percentage). a Statistical significance between the groups (P<0.05). GVHD, graft-versus-host disease;
cGVHD, chronic GVHD; ANA, anti-mitochondrial antibody; nRNP, nuclear ribonucleoprotein; Scl-70, topoisomerase I; Jo-1, histidyltRNA synthetase; CENP, centromere protein; PM, polymyositis; PCNA, proliferating cell nuclear antigen; RP, proteinase; NOR90,
nucleolar organizing region 90; PDGFR, platelet-derived growth factor receptor; ACLA, anti-cardiolipin antibody; CCP, cyclic citrullinated peptide antibody; ELISA, enzyme-linked immunosorbent assay; MPO, myeloperoxidase; SLA/LP, soluble liver antigen/liver
pancreas; LC-1, liver cytosolic antigen type 1; LKM-1, liver kidney microsomal type 1 antibody

3.3 Autoantibody expression according to cGVHD
NIH global severity and activity
Correlations between the autoantibody profiles and cGVHD NIH global severity scores were
analyzed as shown in Table 3. Twenty-five of 34
autoantibody-positive patients (73.5%) developed
cGVHD (5 mild, 11 moderate, and 9 severe), whereas 9
of 34 autoantibody-negative patients (26.5%) developed

cGVHD (4 moderate and 5 severe). However, there
was no association between the overall incidence of
autoantibodies and the cGVHD severity. Moreover,
active cGVHD was present in 17 autoantibodypositive patients (68.0%) and in 6 autoantibodynegative patients (66.7%). Similarly, cGVHD activity
was not correlated with the overall incidence of
autoantibodies.
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3.4 Circulating autoantibody expression and organ involvement with cGVHD
The frequencies of overall autoantibodies, ANA
and anti-Ro52 antibodies were then evaluated for

Fig. 1 Example of nucleolar pattern of ANA in cGVHD
sera detected by indirect immunofluorescence assay
using HEp-2 cells and monkey liver tissue as substrates
(a) HEp-2 cells (magnification 20×). (b) HEp-2 cells
(magnification 40×). (c) Monkey liver tissue (magnification 20×). (d) Monkey liver tissue (magnification 40×).
ANA, anti-mitochondrial antibody; cGVHD, chronic graftversus-host disease

their association with specific organ involvement in
cGVHD (Table 4). There was a lower frequency of
overall antibodies in patients with skin and GI
cGVHD (48.0% vs. 88.9%, P=0.033 and 12.0% vs.
44.4%, P=0.039, respectively). Similarly, a significantly lower frequency of ANA was detected in GI
cGVHD patients (5.3% vs. 40.0%, P=0.013). However,
a significantly higher frequency of anti-Ro52 antibodies was observed in liver cGVHD patients (66.7%
vs. 4.1%, P=0.001). No significant association of the
overall incidence of autoantibodies with oral mucosa,
lung, joint, or fascia cGVHD was observed.

Fig. 2 Anti-nuclear antibody fluorescence patterns in
the non-cGVHD and cGVHD groups
ANA, anti-nuclear antibody; ANA-H, ANA-homogeneous;
ANA-S, ANA-speckled; ANA-N, ANA-nucleolar; ANA-CY,
ANA-cytoplasmic patterns; ANA-C, ANA-centromere;
ANA-O, ANA-other fluorescence patterns

Table 3 Autoantibody expression according to cGVHD NIH global severity and activity
Autoantibody*
Characteristics
Positive Negative
OR
95% CI
(n=25)
(n=9)
cGVHD severity at enrollment
Mild
5 (20.0) 0 (0.0) 1.250 1.028–1.521
Moderate
11 (44.0) 4 (44.4) 0.982 0.212–4.553
Severe
9 (36.0) 5 (55.6) 0.450 0.096–2.120
cGVHD activity
Active
17 (68.0) 6 (66.7) 1.063 0.210–5.737
Non-active
8 (32.0) 3 (33.3)
Anti-Ro/SS-A 52 kDa*
Characteristics
Positive Negative
OR
95% CI
(n=6)
(n=28)
cGVHD severity at enrollment
2 (33.3)
3 (10.7) 4.167 0.522–33.200
Mild
3 (50.0) 11 (39.3) 1.545 0.263–9.082
Moderate
1 (16.7) 14 (50.0) 0.200 0.021–1.930
Severe
cGVHD activity
3 (50.0) 20 (71.4) 0.400 0.066–2.415
Active
3 (50.0)
8 (28.6)
Non-active

ANA*
P

Positive Negative
(n=19) (n=15)

OR

95% CI

P

0.146 4 (21.1) 1 (6.7) 3.730 0.371–37.58 0.240
0.982 9 (47.4) 6 (40.0) 1.350 0.343–5.315 0.667
0.307 6 (31.5) 8 (53.3) 0.404 0.099–1.640 0.201
0.942 12 (63.2) 11 (73.3) 0.623 0.142–2.727 0.529
7 (36.8) 4 (26.7)
P
0.162
0.628
0.136
0.309

*
Data are expressed as number (percentage). cGVHD, chronic graft-versus-host disease; NIH, National Institutes of Health; ANA, antimitochondrial antibody; OR, odds ratio; CI, confidence interval
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Table 4 Autoantibody expression and organ involvement with cGVHD
Autoantibody*
Organ
Positive Negative
(n=25)
(n=9)
Skin
12 (48.0)
8 (88.9)
Oral mucosa
3 (12.0) 0 (0.0)
Liver
5 (20.0) 0 (0.0)
Lung
9 (36.0) 2 (22.2)
GI
3 (12.0) 4 (44.4)
Joint and fascia 6 (24.0) 1 (11.1)

P
a

0.033
0.276
0.146
0.449
0.039b
0.412

Positive
(n=19)
11 (57.9)
1 (5.3)
4 (21.1)
6 (31.6)
1 (5.3)
4 (21.1)

ANA*
Negative
(n=15)
9 (60.0)
2 (22.2)
1 (6.7)
3 (20.0)
6 (40.0)
3 (20.0)

P
0.901
0.410
0.240
0.447
0.013c
0.940

Anti-Ro/SS-A-52 kDa*
Positive Negative
P
(n=6)
(n=28)
2 (33.3) 18 (64.2) 0.162
0 (0.0)
3 (10.1) 0.401
4 (66.7)
1 (4.1)
0.001d
1 (16.7)
8 (28.6) 0.549
0 (0.0)
7 (25.0) 0.169
0 (0.0)
7 (25.0) 0.169

*
Data are expressed as number (percentage). cGVHD, chronic graft-versus-host disease; GI, gastrointestinal tract; ANA, antimitochondrial antibody. Odds ratio (95% confidence interval): a 0.115 (0.013–1.065); b 0.17 (0.029–1.015); c 0.083 (0.009–0.801); d 54
(3.931–741.79)

3.5 Association between autoantibody expression
and survival or relapse
The value of autoantibody expression as a
prognostic biomarker of survival and relapse of patients with cGVHD has been reported previously
(Moon et al., 2009). Therefore, we analyzed autoantibody expression in patients who survived for
more than 100 d post-transplantation. Patients were
classified as autoantibody-positive/cGVHD-negative,
autoantibody-positive/cGVHD-positive, autoantibodynegative/cGVHD-positive, and autoantibody-negative/
cGVHD-negative groups. There were no significant
differences in the 3-year OS rates between the groups
(84.4%, 76.0%, 77.8%, and 64.0%, respectively; P=
0.736). Similarly, there were no significant differences in the cumulative incidence of relapse between
the groups (15.6%, 16.2%, 11.1%, and 28.9%, respectively; P=0.901).
Twelve (26.1%) of the 46 autoantibody-positive
patients died, with the primary causes of death being
relapse in nine cases (75.0%), cGVHD in two cases
(16.7%), and infection in one case (8.3%). Five
(26.3%) of the 19 autoantibody-negative patients died,
with the primary causes of death being relapse in
three cases (60.0%), cGVHD in one case (20%), and
infection in one case (20%) (P=0.591). Patients in the
autoantibody-positive group have relatively high
relapse-related death, but there were no significant
differences between the groups (Fig. 3).

4 Discussion
cGVHD is a serious complication of HSCT. The
impairment is similar to that in some ADs (Tyndall

Fig. 3 Survival rates (a) and incidence of relapse (b)
Ab(+), autoantibody-positive; Ab(−), autoantibody-negative;
cGVHD(+), cGVHD-positive; cGVHD(−), cGVHD-negative

and Dazzi, 2008; Pidala et al., 2011). High levels of
serum autoantibodies detected in patients are important predictors of ADs (Sinico et al., 2005). In this
study, we evaluated the potential value of autoantibodies as biomarkers of cGVHD after HSCT. An
association between autoantibody expression and
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cGVHD has been reported previously (Patriarca et al.,
2006; Moon et al., 2009). Although the prevalence of
the autoantibodies detected in this study was higher in
the cGVHD patients than in the non-cGVHD patients
(73.5% vs. 67.7%), this difference was not statistically significant. Nevertheless, both rates were significantly higher than that among the HCs. Alloantibodies (predominantly to Y-chromosome-encoded
histocompatibility (HY) antigen) have been described
in cGVHD and correlate with disease activity (Miklos
et al., 2005). In the present study, no significant association of autoantibodies with the severity or activity of cGVHD was found, which is consistent with the
findings reported by Kuzmina et al. (2015). Thus, our
findings suggest that patients receiving allo-HSCT
have a higher incidence of autoantibodies. Indeed, B
cells and pathogenic antibodies have been implicated
in the pathogenesis of cGVHD (Panoskaltsis-Mortari
et al., 2007; Srinivasan et al., 2012; Wang et al., 2017).
In previous studies, elevated levels of soluble B cell
activating factor (sBAFF) as well as increased numbers of T follicular helper (Tfh) cells, germinal center
(GC) B cells, and antibodies that accumulate in target
tissues have been reported in patients with cGVHD
(Sarantopoulos et al., 2009; Flynn et al., 2014). These
data suggest that, unlike healthy donors, B cells from
HSCT patients are constantly exposed to allo- and
auto-antigens. This leads to the activation and maturation of B cells that produce high-affinity classswitched antibodies in the case of cGVHD. In line
with previous studies on HSCT and cGVHD (Patriarca et al., 2006; Lee et al., 2011), we observed that
ANA was the most common autoantibody, being
detected in more than half of the patients, usually at a
low titer. The fluorescent ANA patterns were predominantly nucleolar types, which are often found in
patients with systemic sclerosis (SSc) (Maddison
et al., 1986). Scl-70 and anti-centromere antibodies
are strongly associated with SSc (Catoggio et al.,
1983). Although, similar to the results of Bell et al.
(1996), we did not detect significant expression of
anti-Scl-70 or anti-centromere antibodies related to
cGVHD. Previous studies have shown that plateletderived growth factor (PDGF) receptor-specific autoantibodies play a role in sclerodermatous cGVHD
(Svegliati et al., 2007); however, this finding is controversial (Spies-Weisshart et al., 2013). In our study,
comparisons of the cGVHD and the non-cGVHD

groups showed no significant difference in the frequency of patients with anti-PDGFR antibodies. Thus,
we hypothesize that the cGVHD does not affect the
presence or functionality of PDGFR-specific autoantibodies. Evaluation of the SSc profiles showed a high
proportion (90%) of SSc-positive sera with a nucleolar pattern (Ho and Reveille, 2003; Admou et al.,
2009). In contrast, only 21.1% of sera with a nucleolar
pattern from the cGVHD and non-cGVHD patients
were found to be positive for SSc antigens, including
CENP-A-B and the nucleolar (fibrillarin, RNA polymerases, Th/To, PM/Scl). However, most of the
nucleolar staining patterns obtained using commercially available second level immunoblot tests did not
reveal any nucleolar auto-antigens. Wesierska-Gadek
et al. (1992) found that nucleolar proteins B23 and
C23 were the major nucleolar autoantigens in the
nucleolar staining pattern of cGVHD patients. However, they were not able to demonstrate the presence
of antibodies to nucleolin in patients with scleroderma. All these autoantibodies can engage with the
dense fibrillar component of the nucleolus, while
having sequence homology with the binding sites of
other different autoantigens. Previous studies have
shown that ANAs with the anti-dense fine speckled
70 (anti-DFS70) staining pattern are commonly expressed in healthy subjects (Watanabe et al., 2004),
whereas other studies demonstrated that the isolated
anti-DFS70 antibodies were extremely rare in patients
with systemic autoimmune rheumatic diseases (Muro
et al., 2008; Sperotto et al., 2017). Thus, it can be
speculated that the SSc profile defines a boundary
between the two clinical conditions, and that these
different autoantibody patterns can be used to distinguish between SSc and cGVHD. These conditions
share a common potential autoantigen source required
to initiate and maintain a B cell response.
In the present study, we detected a positive correlation between the specific organ involvement of
cGVHD and autoantibody expression (Table 4). AntiRo52 antibodies were the primary autoantibodies
detected in patients with liver cGVHD. In a previous
study, antibodies to SSA antigen (Ro52/Ro60) were
identified as a biomarker of Sjögren syndrome and
systemic lupus erythematosus (Schulte-Pelkum et al.,
2009). However, more recently, Ro52 and Ro60 were
identified as two different protein components of the
SSA antigen, representing two distinct autoantibody
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systems with different clinical associations (Defendenti et al., 2011). Patients with autoimmune liver
diseases, such as primary biliary cirrhosis (PBC), are
commonly anti-Ro52 antibody-positive, while antiRo52 antibodies, alone or in association with antiSLA/LP antibodies, are associated with poorer prognosis in patients with autoimmune hepatitis type-1
(AIH-1) (Montano-Loza et al., 2012). Furthermore,
unlike anti-SSA60 and SSB antibodies, anti-Ro52
antibodies target many transcription factors that
dysregulate the production of proinflammatory IL23Th17 pathway cytokines linked to tissue-specific
inflammation and systemic autoimmunity (Espinosa
et al., 2009). Our findings suggest that a biomarker,
such as anti-Ro52 antibodies, that is specific for a
target organ (liver) will provide important diagnostic
and prognostic information.
In our study, analysis of autoantibody titers in
patients with cGVHD did not reveal any significant
associations with severity, activity, or clinical characteristics of cGVHD. Taken together with previous
reports that autoantibody titers did not correlate with
the severity of cGVHD or development of overt autoimmune disease (Moon et al., 2009; Kuzmina et al.,
2015), these findings indicate that autoantibodies are
not suitable biomarkers of the onset or severity of
cGVHD. This is consistent with reports of the presence of autoantibodies in individuals without a history of chronic inflammatory or autoimmune disease
and the absence of a correlation with disease activity
(Langford, 2004; Finkielman et al., 2007). Moreover,
a direct link between specific autoantibodies and
tissue damage remains to be established in the majority of human chronic inflammatory and autoimmune diseases.
Previous studies have shown improved survival
and reduced relapse rates in autoantibody-positive
patients (Moon et al., 2009). In contrast, in our study,
there were no significant differences in OS or relapse
rates among the four groups of patients expressing
autoantibodies (Fig. 3). The tyrosine kinase inhibitor
(TKI), imatinib mesylate, which blocks the antiPDGFR antibody pathway, has been used in steroidrefractory cGVHD. In a study of 15 cGVHD patients
treated with imatinib, clinical outcomes were not
correlated with the presence of anti-PDGFR antibodies (Chen et al., 2011). Imatinib is a promising
therapy, although its clinical effect is not as strong as

857

expected, which can be explained by the variation in
antibody spectra in different cGVHD target organs
(Olivieri et al., 2009). On the other hand, in patients
with SSc, imatinib treatment led to a decreased modified Rodnan skin score (mRSS), which is a measure
of skin fibrosis (P<0.001), and a trend toward improved lung functions (Khanna et al., 2011). Similar
observations were made in other studies (Spiera et al.,
2011; Fraticelli et al., 2014). These observations
suggest that the multiple pathways involved in the
development of cGVHD include autoantibody expression, although this condition is unlike conventional autoimmune diseases where autoantibodies do
not play any beneficial role.
Some limitations of this study should be noted.
The presence of autoantibodies prior to the development of autoimmune diseases has been reported
(Arbuckle et al., 2003). Therefore, the presence of
autoantibodies in the patients and donors prior to
transplantation may influence the autoantibody status
of recipients after transplantation.
In conclusion, we have demonstrated that autoantibodies are commonly present in patients after
HSCT, and that anti-Ro52 antibodies may correlate
with liver cGVHD. However, autoantibody profiles
showed no relationship with the activity or severity of
cGVHD and had no significant association with differences in survival rates. Our results suggest that
autoantibodies have limited value in predicting
cGVHD and that further studies are needed to clarify
the diagnostic and prognostic value of autoantibodies
in cGVHD.
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中文概要
题
目

目：自身抗体作为异基因造血干细胞移植后慢性移植
物抗宿主病的生物学标志物的潜在价值研究
的：通过检测慢性移植物抗宿主病（cGVHD）病人
血清中自身抗体的表达来发现和鉴定新的用于
诊断和疾病监测的标志物。

创新点：我们创新性地应用了包含核仁形成区抗原成分的
自身抗体谱对各实验组进行了超过 30 种自身抗
体的筛查，首次发现 anti-Ro52 抗体可能与肝脏
cGVHD 有关。
方 法：联合应用间接免疫荧光、线性免疫印迹和酶联免
疫吸附试验（ELISA）对各实验组进行自身抗体
谱筛查，采用统计学软件对实验结果和临床数据
进行比对分析。
结 论：我们的研究证实异基因造血干细胞移植后各组病
人都可能出现以核仁型抗核抗体（ANA）为主的
自身抗体表达增高，并且 anti-Ro52 抗体在肝脏
cGVHD 病人血清中显著增高，然而自身抗体与
cGVHD 的活动性、严重程度和预后均无明显相
关性。我们的研究结果表明，自身抗体在预测
cGVHD 方面的价值有限。
关键词：自身抗体；慢性移植物抗宿主病（cGVHD）；
Anti-Ro52

