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Immunological Reconstitution after Autologous
Hematopoietic Stem Cell Transplantation in Patients
with Systemic Sclerosis: Relationship Between Clinical
Benefits and Intensity of Immunosuppression
TOSHIYUKI BOHGAKI, TATSUYA ATSUMI, MIYUKI BOHGAKI, AKIRA FURUSAKI, MAKOTO KONDO,
KAZUKO C. SATO-MATSUMURA, RIICHIRO ABE, HIROSHI KATAOKA, TETSUYA HORITA, SHINSUKE YASUDA,
YOSHIHARU AMASAKI, MITSUFUMI NISHIO, KEN-ICHI SAWADA, HIROSHI SHIMIZU, and TAKAO KOIKE

ABSTRACT. Objective. To analyze the relationship between clinical benefits and immunological changes in
patients with systemic sclerosis (SSc) treated with autologous hematopoietic stem cell transplanta-
tion (HSCT).
Methods. Ten patients with SSc were treated with high-dose cyclophosphamide followed by highly
purified CD34+ cells (n = 5) or unpurified grafts (n = 5). Two groups of patients were retrospectively
constituted based on their clinical response (good responders, n = 7; and poor responders, n = 3). As
well as clinical findings, immunological reconstitution through autologous HSCT was assessed by
fluorescence-activated cell sorter analysis, quantification of signal joint T cell receptor rearrange-
ment excision circles (sjTREC), reflecting the thymic function, and foxp3, a key gene of regulatory
T cells, mRNA levels.
Results. Patients’ clinical and immunological findings were similar between good and poor respon-
ders, or CD34-purified and unpurified groups at inclusion. The sjTREC values were significantly
suppressed at 3 months after autologous HSCT in good responders compared with poor responders
(p = 0.0152). Reconstitution of CD4+CD45RO- naive T cells was delayed in good responders com-
pared with poor responders. The phenotype of other lymphocytes, cytokine production in T cells, and
foxp3 gene expression levels after autologous HSCT did not correlate with clinical response in good
or poor responders. Clinical and immunological findings after autologous HSCT were similar
between CD34-purified and unpurified groups.
Conclusion. Our results suggest that immunosuppression intensity, sufficient to induce transient sup-
pression of thymic function, is attributable to the feasible clinical response in patients with SSc treat-
ed with autologous HSCT. Appropriate monitoring of sjTREC values may predict clinical benefits
in transplanted SSc patients after autologous HSCT. (First Release May 15 2009; J Rheumatol
2009;36:1240–8; doi:10.3899/jrheum.081025)
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Systemic sclerosis (SSc) is an autoimmune disease charac-
terized by the presence of skin sclerosis, organ fibrosis, and
autoantibodies1. Despite extensive research on autoim-
munology and endotheliology, its pathophysiology has been
far from conclusive2,3. The skin and organ manifestations of
SSc are, in general, slowly progressive and chronically dis-
abling. In some patients, however, they can be rapidly pro-
gressive and fatal due to organ involvements such as inter-
stitial pneumonia, arrhythmia, and renal failure. Severe
organ involvement frequently occurs within the first 3 years
of disease1. These clinical features affect daily living activi-
ty and life expectancy in patients with SSc.

Autologous hematopoietic stem cell transplantation
(HSCT) has been indicated for patients with autoimmune
diseases, resulting in great success particularly in patients
with SSc4-10. Autologous HSCT is one of the treatments in
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patients suffering from hematological malignant diseases.
For the practice of autologous HSCT against those malig-
nant diseases, graft manipulation using antibody specific for
CD34, a marker of human hematopoietic stem cells, is usu-
ally essential to deplete malignant cells from the graft. On
the other hand, patients treated with CD34+-selected autol-
ogous HSCT (CD34-HSCT) may have infectious complica-
tions during hematological recovery more frequently than
patients treated with unselected autologous HSCT (unse-
lected-HSCT)11. The graft manipulation was performed in
many patients with severe autoimmune diseases treated by
autologous HSCT in consideration of depleting autoreactive
lymphocytes and inducing profound clinical remission.
Meanwhile, it has been debated whether CD34+ cell selec-
tion in the graft is necessary or not9,12.

The difference in conditioning regimens is not related to
the clinical benefits, and about one-third of transplanted
patients do not benefit from these intensive immunosup-
pressive treatment9,13. Clinical response may depend on
profound qualitative immunological changes obtained by
autologous HSCT in patients with systemic lupus erythe-
matosus or multiple sclerosis14,15. Little is known as to why
and how patients with SSc have clinical benefits of auto-
logous HSCT. The aim of our study was to elucidate the
relationship between clinical effect and alteration of
immunological profiles in patients with SSc treated with
autologous HSCT.

MATERIALS AND METHODS
Patients. Our study was approved by the ethical committee of Hokkaido
University and written informed consent was obtained from all participants.
Thirty-one patients with SSc, all of whom met the American College of
Rheumatology preliminary criteria16, were screened for our study. All
patients developing SSc within the last 3 years onset fulfilled at least 1 of
the following: early rapidly progressive diffuse skin sclerosis despite con-
tinuing treatment, refractory skin ulcers, interstitial lung disease confirmed
by lung computed tomography (CT), reversible cardiac involvement such
as arrhythmia and cardiomegaly, renal involvement with hypertension, per-
sistent urinalysis abnormalities, and microangiopathic hemolytic anemia.
Patients were excluded from the study when they were over 60 years old,
or had uncontrolled arrhythmia, left ventricular ejection fraction on
echocardiography below 45%, carbon dioxide diffusion lung capacity
(DLCO) below 45% predicted, serum creatinine above 176.8 µmol/L (2.0
mg/dl) and glomerular filtration rate (GFR) below 40 ml/min/m2. All
enrolled patients were evaluated clinically at the time of diagnosis and on
regular visits for followup.

Thirty-five healthy controls were also enrolled in the study.

Transplantation procedure and followup. The mobilization regimen com-
prised recombinant human granulocyte colony-stimulating factor (rhG-
CSF) and intravenous cyclophosphamide (4 g/m2). In 5 patients treated
with CD34-HSCT, enriched CD34+ graft, prepared using CliniMACS®

system (Miltenyi Biotec, Germany) was stored in liquid nitrate until use for
transplant. Graft manipulation was not performed in the next 5 patients
treated with unselected-HSCT.

We treated all SSc patients with intravenous cyclophosphamide (200
mg/kg, divided into 4 days) followed by autologous HSCT. rhG-CSF was
administered from the second day of transplantation of frozen-thawed
autologous enriched CD34+ grafts or frozen-thawed autologous unselected
grafts. T cell depleting antibodies such as antithymocyte globulin, antilym-

phocyte globulin and anti-CD52 antibodies (Campath) were not adminis-
tered in our patients.

We assessed the improvement of skin sclerosis by the modified Rodnan
total thickness skin score (mRTSS). Electrocardiogram and echocardio-
graphy were used to evaluate the cardiac function, chest radiograph, chest
high resolution CT, and spirometry to evaluate pulmonary function,
renogram to evaluate renal function, and serological tests to assess other
organ involvement and the presence of autoantibodies.

Lymphocyte phenotyping. Peripheral blood mononuclear cells (PBMC)
were prepared from heparinized venous blood by Ficoll-Paque Plus®

(Amersham Biosciences Corp., NJ, USA).
We assessed the subpopulation of peripheral lymphocytes by immuno-

fluorescence staining of PBMC with anti-human CD3-Cy-Chrome,
CD4-fluorescein isothiocyanate (FITC), CD8-FITC, CD19-FITC,
TCRγδ-FITC, CD3-phycoerythrin (PE), CD8-PE, CD45RO-PE, CD25-PE,
HLA-DR-PE, and CD69-PE (BD Biosciences Pharmingen, San Diego, CA).

The expression levels of interferon (IFN)-γ and interleukin (IL)-4 were
studied in the cytoplasm of peripheral CD4+ or CD8+ T cells. Briefly, we
stimulated PBMC with phorbol myristate acetate (50 ng/ml) and ionomycin
(250 ng/ml) for 6 h in RPMI 1640 containing 10% heat-inactivated fetal
bovine serum and monensin (2 µM) at 37°C in 5% carbon dioxide. We eval-
uated the IFN-γ or IL-4 expression on T cells by staining with
anti-CD3-Cy-Chrome, anti-CD8-FITC and -PE, anti-IFN-γ-FITC, and
anti-IL-4-PE using Cytofix/Cytoperm Plus® (BD Biosciences Pharmingen)
according to the manufacturer’s instructions. Immunostained cells were
analyzed using a FACSCaliburTM flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA).

Quantification of thymic signal joint T cell receptor rearrangement excision
circles (sjTREC). Thymic sjTREC on genomic DNA from PBMC was
quantified by real-time quantitative polymerase chain reaction (PCR) (ABI
PRISM® 7000; Applied Biosystems, Foster City, CA) according to the
method of Douek, et al17. The sjTREC values were corrected by the per-
centage of CD3+ cells in the sample and were then expressed as numbers
of sjTREC/µg of CD3+ cells DNA according to the method of Farge, et
al18. Values were measured before autologous HSCT, then at 3, 6, and 12
months after autologous HSCT.

Quantification of foxp3 gene expression levels. Total RNA were isolated
from PBMC using TRIzol® reagent (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions. Total RNA (1 µg) was reverse tran-
scribed by ReverTraAce (Toyobo, Osaka, Japan), in the presence of
oligo(dT)12-18 primers (Invitrogen) according to the manufacturer’s
instructions. We performed real-time PCR using the ABI PRISM® 7000
Sequence Detection System and specific primers for foxp3 and gapdh from
TaqMan® Gene Expression Assays (Applied Biosystems).

Statistical analysis. We used the Mann-Whitney U-test to analyze the dif-
ference among each value otherwise indicated. The changes in mRTSS and
phenotype of lymphocytes after the autologous HSCT were compared with
values at inclusion using the Wilcoxon signed rank test. Female-male ratio
in each group was assessed using Fisher’s exact probability test. The
sjTREC values in healthy individuals were assessed using the Spearman’s
correlation test. Calculations were performed using the statistical software
package JMP version 5.0 (SAS Institute Inc., Cary, NC). P values less than
0.05 were considered significant.

RESULTS
Between November 2000 and July 2006, 11 consecutive
patients meeting the criteria in our study were enrolled and
10 patients were transplanted out of 31 screened patients
with SSc for autologous HSCT treatment. One patient was
not transplanted because of her mobilization failure. First 5
patients were treated with CD34-HSCT. Subsequent 5
patients were treated with unselected-HSCT. The character-
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istics of patients treated with autologous HSCT are shown in
Table 1. Mean age at inclusion, mean mRTSS before mobi-
lization and mean durations from SSc onset to the treatment
were similar between patients treated with CD34-HSCT and
unselected-HSCT. Several treatments such as D-penicil-
lamine, prostaglandin derivatives, and corticosteroids were
not feasible for our patients. All patients were followed up
until July 2007 (40.7 ± 25.6 mos).

Mean number of infused CD34+ cells was not different
between CD34-HSCT and unselected-HSCT groups. Mean
time needed to achieve a neutrophil count greater than 0.5 ×
109/l and a platelet count greater than 50 × 109/l were not
different between 2 groups. Cytomegalovirus antigenemia
were shown in 3 patients out of all transplanted patients.
Patient 2 had hemophagocytic syndrome on day 6. Patient 3
had adenoviral hemorrhagic cystitis on day 14 and engraft-
ment syndrome on day 15. Patient 7 had engraftment syn-
drome on day 12. Hemophagocytic syndrome and engraft-
ment syndrome responded to corticosteroid administration.
Hemorrhagic cystitis was refractory to acyclovir, vidara-
bine, ganciclovir, or ribavirin. Patient 3 had the second
autologous HSCT using unselected grafts at 3 months after
first autologous HSCT using selected CD34+ cells due to
recurrent infectious diseases.

Four out of 5 transplanted patients have more than a 25%
fall in the skin score compared with baseline values in both

groups (Figure 1). Dermal thickness assessed by skin biop-
sy was also improved in these patients with clinical benefits
(data not shown). Additional unselected-HSCT at 3 months
after CD34-HSCT did not affect Patient 3’s skin manifesta-
tion. Cardiac and pulmonary functions were not altered sig-
nificantly through the treatment in all patients (data not
shown). Their serum level of γ-globulin almost remained
normal range through autologous HSCT (data not shown).
Their serum level of anti-Scl70 antibodies reduced except
Patient 2 treated with CD34-HSCT (data not shown).
Transplantation related complications during hospitalization
are shown in Table 1. There was no significant difference in
the incidence of adverse events between both groups and no
transplantation related mortality.

We compared immunological reconstitution profile over
time between good and poor response groups, and between
CD34-HSCT and unselected-HSCT groups. First, we ana-
lyzed immunological reconstitution between good and poor
response groups. Clinical response to therapy was catego-
rized into major, partial, or no response, or disease progres-
sion or relapse according to the method of Farge, et al13.
According to the observed clinical response compared to
these criteria, 2 groups of patients were retrospectively con-
stituted: good response group, consisting of 7 patients with
sustained major or partial response, and poor response
group, consisting of 3 patients (Patient 5, 6, and 7) with no

Table 1. Patients’ profile at study inclusion and clinical findings at autologous hematopoietic stem cell transplantation (HSCT).

Patients Treated with CD34-HSCT Patients treated with Unselected-HSCT Mean ± SD
1 2 3 4 5 6 7 8 9 10 CD34 Untreated p

Age, yrs 57 19 54 48 52 43 19 42 30 28 46.0 ± 15.4 32.4 ± 10.1 0.094
Sex, female:male M F F F M M F F F F 3:2 4:1 1.000
mRTSS, 0–51 38 28 25 15 32 32 17 26 23 20 27.6 ± 8.6 23.6 ± 5.8 0.402
Disease duration, mo 21 31 21 12 36 16 24 18 8 12 24.2 ± 9.4 15.6 ± 6.1 0.141
Interstitial pneumonia — — + — + — + — — — — — —
GFR, ml/min 76.53 121.43 101.43 114.39 99.32 139.29 120.3 101.8 82.62 103.42 102.6 ± 17.2 109.5 ± 21.3 0.465
DLCO % 83 66.8 52.2 90.9 83.8 92.5 54.7 113.4 48 94.4 75.3 ± 15.7 80.6 ± 28.0 0.465
γ-globulin, % 19.5 24.7 24.1 16.8 12.5 20.5 19.8 — 16.8 16.7 19.5 ± 5.1 18.5 ± 2.0 0.712
Anti-Scl 70, index < 5 92.3 204.6 8.7 158.6 16.1 128.2 < 5 < 5 202 92.8 ± 90.2 69.3 ± 91.5 0.597
Prior therapies PG PG, D, PG, PG, PSL D, PSL PG PG D, PSL D, PSL PG — — —

PSL PSL
Mobilization G G + G + G + G + G + G + G + G + G + — — —

CYC CYC CYC CYC CYC CYC CYC CYC CYC
Conditioning CYC CYC CYC CYC CYC CYC CYC CYC CYC CYC — — —
Infused CD34+ cells, 2.96 5.21 2.75 3.14 12.7 3.95 2.77 4.28 14.9 2.81 5.4 ± 4.2 5.7 ± 5.2 0.917
× 106/kg

Purity, % 96 95 90 93.53 96.59 — — — — — 94.2 ± 2.6 — —
Neutrophils > 0.5 11 9 11 9 9 8 11 10 10 10 9.8 ± 1.1 9.8 ± 1.1 0.914
× 109/l (day)

Platelets > 50 × 109/l 15 21 16 8 11 0 8 11 11 12 14.2 ± 5.0 8.4 ± 4.9 0.138
(day)

Transplant related CMV CMV, CMV, — — — ES — — — — — —
complications HPS HC, ES

mRTSS: modified Rodnan total thickness skin score; PG: prostaglandin derivatives; D: d-penicillamine; PSL: prednisolone; G: granulocyte-colony-stimulat-
ing factor; CYC: cyclophosphamide; CMV: cytomegalovirus antigenemia; HPS: hemophagocytic syndrome; HC: hemorrhagic cystitis; ES: engraftment syn-
drome; GFR: glomerular filtration rate; DLCO: diffusion capacity for carbon monoxide.
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response or with relapse of disease (Table 2). Our patients
were evaluated by functional evaluation (performance status
and/or health assessment questionnaire) and mRTSS with
skin improvement assessed by skin biopsy. Each organ
function was not altered significantly through the treatment
in all patients. Mean age at inclusion, mean mRTSS before
mobilization, and mean durations from onset scleroderma
to treatment were similar between both groups. At inclu-
sion, the ratio of CD4/CD8, the percentage of
CD4+CD45RO+, CD4+CD45RO-, CD19+, CD4+CD25+,
CD56+, CD3+TCRγδ+, IFN-γ- and IL-4-producing CD4+
and CD8+ cells were in the normal range for all patients and
were not different between good and poor response groups
(Table 3). After autologous HSCT, shortened CD4/CD8
ratio was sustained due to delayed CD4+ cell recovery
and prompt CD8+ cell recovery in both groups.
CD4+CD45RO-naive T cells remained low at 6 months after
autologous HSCT in good response group, and
CD4+CD45RO- cells reconstituted faster in poor response
group (p < 0.05). CD19+ and CD56+ cells returned into the
normal range at 3 months in both groups. The kinetics of
other cells through autologous HSCT was not statistically
different between good and poor response group in the

study. To evaluate the T cell response against mitogen stim-
ulation after autologous HSCT, mean fluorescence intensity
of CD69 on CD3+ cells was investigated. CD69 expression
levels on CD3+CD8+ and CD3+CD8- cells against mitogen
were not different between healthy controls and patients with
SSc before autologous HSCT, and its kinetics through auto-
logous HSCT were similar in both groups (Table 3).
Cytokine production in CD3+CD8- and CD3+CD8+ T cells
was assessed by intracellular staining of IFN-γ and IL-4.
Levels of cytokine production in CD3+CD8- and
CD3+CD8+ cells were not different between both groups.
IFN-γ producing CD8+ T cells increased after autologous
HSCT in both groups (Table 3).

Thymic output assessed by sjTREC was analyzed to eval-
uate the mechanism of peripheral CD4+CD45RO- and
CD4+CD25+ proliferation. In healthy controls, the sjTREC
values negatively correlated with their age (Figure 2A, p <
0.0001, r2 = 0.44). Nine out of 10 transplanted patients
could be analyzed in the study. Their sjTREC values also
negatively correlated with their age at inclusion of auto-
logous HSCT (Figure 2B, p = 0.002, r2 = 0.80). The sjTREC
values were not significantly different between patients with
SSc before autologous HSCT and age- and sex-matched

Figure 1. Evaluation of modified Rodnan total thickness skin score (mRTSS) in patients with systemic sclerosis. A. Changes of mRTSS in patients treated
with CD34-HSCT. B. Changes of mRTSS in patients treated with unselected-HSCT. Proportional change from baseline measurement was calculated for each
patient at each available timepoint. * p < 0.05.

Table 2. Patients’ profile between good and poor response groups at autologous HSCT.

Good Response Poor Response p
Group (n = 7) Group (n = 3)

Graft condition (CD34-HSCT: unselected) 4:3 1:2 1.000
Age, yrs 39.7 ± 14.4 38.0 + 17.1 0.819
Sex female: male 6:1 1:2 1.000
mRTSS (0–51) 25.0 ± 7.16 27.0 ± 8.66 0.568
Disease duration, mo 17.6 ± 7.72 25.3 ± 10.1 0.207
Infused CD34+ cells (× 106/kg) 5.15 ± 4.39 6.47 ± 5.42 0.909
Neutrophils > 0.5 × 109/l (day) 10.0 ± 0.82 9.33 ± 1.53 0.407
Platelets > 50 × 109/l (day) 13.4 ± 4.28 6.33 ± 5.69 0.064

mRTSS: modified Rodnan total thickness skin score.
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healthy controls (p = 0.8253). The sjTREC values were sig-
nificantly suppressed at 3 months after autologous HSCT in
the good response group compared with poor responders
(Figure 2C, p = 0.0152), although the values were not dif-
ferent at inclusion, 6 and 12 months after autologous HSCT
between both groups.

Foxp3 is a key regulatory gene for the development of
regulatory T cells19. Foxp3 gene expressions in PBMC were
analyzed to assess the relationship between the recovery of
CD4+CD25+ cells including regulatory T cells and clinical
benefits in transplanted SSc patients. Foxp3 gene expressions
in PBMC were within the normal range through autologous
HSCT and were not different in the 2 groups (Table 3).

Next, immunological reconstitution was analyzed
between CD34-HSCT and unselected-HSCT groups to
assess how graft manipulation affected immune system and
clinical response. At inclusion, the ratio of CD4/CD8, the
percentage of CD4+CD45RO-, CD4+CD45RO+, CD19+,
CD4+CD25+, CD56+, CD3+TCRγδ+, IFN-γ, and IL-4 pro-
ducing CD4+ and CD8+ cells were in the normal range for
all patients and did not differ between CD34-HSCT and
unselected-HSCT. After autologous HSCT, CD4/CD8 ratio
remained low in both groups. In CD4+ subsets,
CD4+CD45RO-, CD4+HLA-DR+, and CD4+CD25+ cells

increased rapidly in unselected-HSCT compared with
CD34-HSCT at 12 months (p < 0.05, Table 4). CD19+ and
CD56+ cells returned into the normal range at 3 months in
both groups. CD69 expression levels on CD3+CD8+ and
CD3+CD8- cells against mitogen were not different
between healthy controls and patients with SSc before auto-
logous HSCT, and its kinetics through autologous HSCT
were similar in both groups (Table 4). Levels of cytokine
production in CD3+CD8- and CD3+CD8+ cells were not
different between both groups. IFN-γ-producing
CD3+CD8+ T cells increased after autologous HSCT in
both groups (Table 4).

Cytokine production in CD8- and CD8+ T cells was
assessed by intracellular IFN-γ and IL-4. Cytokine produc-
tion in CD8- cells was not different between both groups.
IFN-γ- and IL-4-producing CD8+ T cells increased after
autologous HSCT in both groups (Table 4).

The sjTREC values recovered to the levels at inclusion
between 6 to 12 months after CD34-HSCT or unse-
lected-HSCT. There was no statistical significance through
their clinical course in both groups (Figure 2D).

Foxp3 gene expressions in PBMC were within the normal
range through autologous HSCT and not different in the 2
groups (Table 4).

Table 3. Phenotype analysis of lymphocyte population through autologous HSCT between patients with good and poor clinical response. Value are mean ±
SD.

At Inclusion 3 mo After HSCT 6 mo After HSCT 12 mo After HSCT
Normal Range Good Poor Good Poor Good Poor Good Poor

95% CI

CD3+, CD4+ 57.57–68.89 48.16 ± 18.77 52.34 ± 6.56 20.84 ± 9.75* 34.42 ± 7.66 23.18 ± 15.00* 45.23 ± 10.74 27.65 ± 15.61*** 43.07 ± 9.72
CD3+, CD8+ 26.47–37.68 25.91 ± 9.32 33.92 ± 13.66 48.07 ± 21.57 49.64 ± 11.44 35.78 ± 15.44 49.69 ± 13.09 44.97 ± 13.94 47.56 ± 10.43
CD4/CD8 0.61–2.96 2.11 ± 1.31 1.74 ± 0.72 0.43 ± 0.13* 0.71 ± 0.15 0.66 ± 0.35* 1.01 ± 0.56 0.61 ± 0.28 0.96 ± 0.39

(ratio)
CD3+, TCRγδ+ 0.74–9.48 3.03 ± 3.05 2.03 ± 1.19 5.11 ± 4.49 2.34 ± 0.84 2.75 ± 1.48 3.02 ± 1.86 4.18 ± 2.72 2.71 ± 1.80
CD4+, CD45RO– 5.23–42.08 28.51 ± 10.29 31.36 ± 8.40 3.43 ± 2.49* 7.89 ± 5.21 4.66 ± 2.93* 10.01 ± 8.46 7.12 ± 5.18 12.55 ± 10.78
CD4+, CD45RO+ 9.00–27.97 17.08 ± 5.53 15.35 ± 3.87 15.48 ± 6.23 19.34 ± 5.87 13.68 ± 7.31 16.42 ± 4.85 14.32 ± 4.08 13.89 ± 4.10
CD4+, HLA-DR+ 0.92–3.38 2.38 ± 0.86 3.95 ± 2.10 8.51 ± 4.99 12.58 ± 3.23 5.77 ± 4.58 7.12 ± 0.50 5.36 ± 4.16 5.20 ± 2.46
CD4+, CD25+ 1.35–5.46 4.12 ± 3.36 5.45 ± 2.79 3.42 ± 2.21 6.12 ± 5.51 3.43 ± 2.67 7.54 ± 3.36 3.55 ± 2.28 4.62 ± 3.92
foxp3 mRNA 32.01–393.07 563.39 ± 704.09 259.60 ± 247.27 182.74 ± 150.35 99.31 ± 29.61 201.77 ± 114.85 212.28 ± 121.62 214.00 ± 109.77 166.29 ± 133

(copies/GAPDH 1 k copies)
CD3+, CD8–, IFNγ+ 0.67 ± 17.49 6.05 ± 6.55 2.73 ± 0.60 12.16 ± 10.07 7.06 ± 5.20 8.21 ± 5.36 11.47 ± 8.02 9.29 ± 4.17 4.23 ± 3.66
CD3+, CD8–, IL4+ 0.02–2.47 1.09 ± 0.55 1.39 ± 1.30 3.74 ± 2.63 2.50 ± 1.04 2.40 ± 2.13 4.96 ± 6.27 1.57 ± 1.24 1.20 ± 0.58
Th1/Th2 3.79–125.60 17.38 ± 21.04 4.98 ± 3.77 32.47 ± 52.40 107.75 ± 154.29 32.09 ± 45.55 67.05 ± 59.15 24.82 ± 23.42 23.75 ± 36.56

(ratio)
CD3+, CD8+, IFNγ+ 0.66–41.60 5.73 ± 6.15 5.25 ± 3.11 29.83 ± 21.39* 19.80 ± 11.29 17.43 ± 13.55 25.93 ± 13.92 27.71 ± 19.13 3.29 ± 4.95
CD3+, CD8+, IL4+ 0.00–1.40 0.19 ± 0.17 0.25 ± 0.38 0.86 ± 0.79 0.54 ± 0.38 1.01 ± 1.24 0.68 ± 0.68 0.72 ± 0.45 0.16 ± 0.15
Tc1/Tc2 7.83–185.08 89.68 ± 98.17 56.15 ± 71.29 154.35 ± 217.62 1492.65 ± 2280.82 88.36 ± 78.79 1460.06 ± 1262.52 80.27 ± 76.12 41.91 ± 71.92

(ratio)
CD3+, CD8–, CD69+ 82.91–201.89 177.55 ± 90.61 121.10 ± 84.95 58.25 ± 41.65 28.34 ± 12.87 63.06 ± 37.00 67.76 ± 40.69 89.54 ± 42.85 38.52 ± 33.83

(MFI)
CD3+, CD8+, CD69+ 54.27–119.07 106.82 ± 35.27 96.05 ± 64.04 30.92 ± 20.39 24.94 ± 12.97 31.00 ± 19.98 53.89 ± 30.39 61.82 ± 19.69 30.83 ± 19.29

(MFI)
CD19+ 5.00–32.98 16.16 ± 7.54 12.69 ± 9.40 21.91 ± 22.58 14.40 ± 7.64 27.01 ± 22.93 9.50 ± 5.73 18.60 ± 10.83 11.13 ± 3.99
CD56+ 8.94–22.94 13.17 ± 11.67 11.83 ± 7.68 14.11 ± 6.97 9.93 ± 4.49 8.99 ± 2.96 19.83 ± 11.87 12.05 ± 7.58 14.12 ± 7.61

* The value from the baseline measurement was calculated for each value at each timepoint. p < 0.05. MFI: mean fluorescence intensity.
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DISCUSSION
We described the efficacy and the safety in patients with SSc
treated with autologous HSCT. More than a 25% decrease in
the skin score, which correlates with patient’s survival20,
was achieved in 8 out of 10 transplanted SSc patients. Skin
improvement was not significantly different between
CD34-HSCT and unselected-HSCT groups. In addition,
additional unselected-HSCT did not lead to recurrence or
adverse effect on skin manifestation in Patient 3. These
results suggest that graft condition did not affect the clinical
outcome on skin involvement up to 12 months after auto-
logous HSCT in our series.

Few data on thymic function and lymphocyte phenotypes

after autologous HSCT have been reported in transplanted
SSc patients13,18,21. The TREC values might be related to
clinical response in our transplanted patients. In the last
decade, basic and clinical scientists have focused a role of
sjTREC as a marker of human thymic function22. Values of
sjTREC can also reflect the pathophysiology in patients
with autoimmune diseases. The sjTREC values may be
affected by disease activity in patients with systemic lupus
erythematosus23. Age-inappropriate T cell senescence con-
firmed by decreased frequency of sjTREC may also con-
tribute to the development of juvenile idiopathic arthritis24.
There was no evidence to prove an age-inappropriate T cell
senescence and a correlation between the sjTREC values

Figure 2. sjTREC values in CD3+ cells in healthy individuals and its kinetics through autologous HSCT. A. Relation between age and numbers of sjTRECs
in healthy controls. B. Relation between age and numbers of sjTREC in SSc patients treated with autologous HSCT. C. sjTREC between good and poor
response groups. D. sjTREC between patients treated with CD34-HSCT and unselected-HSCT. Logarithmic scales were used for y-axes to compress the fig-
ure. * p = 0.0152. **copies/µg in CD3+ cells DNA.
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and disease condition in our patients with SSc. Thymic
function assessed by sjTREC values is significantly sup-
pressed at engraftment, recovers within 3 months after
autologous HSCT, and is age-dependent in adults17,25. In
our series, the lower level of sjTREC at 3 months after auto-
logous HSCT was shown in the good response group with-
out dependence on their age and graft condition. Longterm
defects of CD3+CD4+ cells, especially CD4+CD-
45RO-naïve T cells, after autologous HSCT might also
reflect profound suppression of thymopoiesis in the good
response group. Thymus-dependent immunological recon-
stitution leads to the T cell precursor reeducation and renew-
al of the T cell repertoire, and may induce remission of
autoimmunity26,27. Our results suggest that transient, pro-
found suppression of thymic function might alter immune
condition, leading to clinical response in patients with SSc.

Peripheral immunological reconstitution after autologous
CD34-HSCT or unselected-HSCT has been well document-
ed in patients with hematological disorders28-30. While
CD56+ cells, followed by CD19+ cells, recover promptly
after autologous HSCT, CD3+ cells, especially CD4+CD-
45RO- cells, remain low after autologous HSCT in
CD34-HSCT and unselected-HSCT29,30. After the initial 2
months of autologous HSCT, IFN-γ-producing CD8+ or

CD8- T cells remain normal or increased11,30. In our series,
kinetics of lymphocytes recovery is similar to these previous
results. In patients with SSc, peripheral blood T cells show
a predominantly type 2 T-helper profile, and can induce
fibrosis through the production of cytokines, especially
IL-42. Cytokine production in T cells at inclusion was not
significantly different between our transplanted patients
with SSc and healthy controls. The kinetics of IFN-γ- and
IL-4-producing T cells after autologous HSCT was not dif-
ferent between CD34-HSCT and unselected-HSCT, or good
and poor response groups. Therefore, the significance of
cytokine production in T cells after autologous HSCT was
not conclusive. In good response group with sustained major
or partial response, phenotype or function of peripheral lym-
phocytes was not significantly different from that of poor
response group through autologous HSCT. These results
suggest that changes in peripheral immunity were not corre-
lated with clinical response.

CD4+CD25+FOXP3+ regulatory T cells may play a role
in the immunological reconstitution leading to the improve-
ment of autoimmune disease or prevention of graft-ver-
sus-host disease after autologous or allogeneic HSCT31,32.
Although CD4+CD25+ population increased at 12 months
after autologous HSCT in unselected-HSCT compared with

Table 4. Phenotype analysis of lymphocyte population through autologous HSCT between patients with CD34-HSCT and unselected-HSCT. Values are mean
± SD.

At Inclusion 3 mo After HSCT 6 mo After HSCT 12 mo After HSCT
Normal Range CD34–HSCT un-HSCT CD34-HSCT un-HSCT CD34-HSCT un-HSCT CD34-HSCT un-HSCT

95% CI

CD3+, CD4+ 57.57–68.89 37.84 ± 11.45 60.99 ± 9.66 17.85 ± 9.95 31.98 ± 6.69* 20.30 ± 14.73 43.31 ± 9.75 24.13 ± 14.36* 43.62 ± 8.46
CD3+, CD8+ 26.47–37.68 22.20 ± 6.45 34.42 ± 11.06 36.07 ± 18.09 61.02 ± 6.96 33.69 ± 15.89 48.83 ± 11.58 42.02 ± 14.06 50.60 ± 9.08
CD4/CD8 0.61–2.96 1.87 ± 0.87 2.13 ± 1.45 0.49 ± 0.22* 0.54 ± 0.18* 0.62 ± 0.36* 0.97 ± 0.48 0.58 ± 0.28* 0.91 ± 0.35

(ratio)
CD3+, TCRγδ+ 0.74–9.48 3.66 ± 3.44 1.80 ± 1.09 4.31 ± 5.13 4.24 ± 2.90 2.54 ± 1.62 3.21 ± 1.48 4.03 ± 2.78 2.85 ± 1.52
CD4+, CD45RO– 5.23–42.08 29.10 ± 7.34 29.63 ± 12.01 4.58 ± 5.44* 4.95 ± 1.91* 4.94 ± 3.36* 8.33 ± 7.59 4.29 ± 2.23* 14.73 ± 7.39
CD4+, CD45RO+ 9.00–27.97 15.56 ± 4.16 17.57 ± 5.93 13.79 ± 6.90 19.48 ± 3.92 14.20 ± 7.61 15.09 ± 5.65 13.02 ± 3.83 16.32 ± 2.91
CD4+, HLA-DR+ 0.92–3.38 2.90 ± 1.36 2.80 ± 1.66 7.61 ± 5.72 11.85 ± 2.72 4.36 ± 2.32 8.54 ± 4.03 2.92 ± 0.56 8.29 ± 3.34
CD4+, CD25+ 1.35–5.46 2.70 ± 1.67 6.33 ± 3.28 2.30 ± 1.10 5.94 ± 4.07 3.33 ± 3.20 6.64 ± 2.98 2.02 ± 0.95 6.27 ± 2.24
foxp3 mRNA 32.01–393.07 524.44 ± 880.90 420.07 ± 199.61 110.72 ± 100.54 204.72 ± 149.57 129.22 ± 101.19 280.62 ± 51.70 123.34 ± 60.37 291.54 ± 87.8

(copies/GAPDH 1k copies)
CD3+, CD8–, IFNγ+ 0.67–17.49 6.65 ± 8.28 3.58 ± 1.62 13.59 ± 10.75 7.95 ± 6.99 9.60 ± 4.19 9.27 ± 8.38 5.64 ± 3.27 17.44 ± 10.45
CD3+, CD8–, IL4+ 0.02–2.47 0.85 ± 0.59 1.46 ± 0.89 4.51 ± 2.41 2.38 ± 1.75 2.98 ± 1.95 3.74 ± 5.68 1.97 ± 0.90 0.61 ± 0.31
Th1/Th2 3.79–125.60 20.41 ± 26.40 7.51 ± 4.67 13.88 ± 15.28 96.22 ± 120.52 31.49 ± 37.45 68.90 ± 75.09 13.81 ± 23.54 37.78 ± 25.33

(ratio)
CD3+, CD8+, IFNγ+ 0.66–41.60 8.31 ± 6.99 3.38 ± 1.47 27.35 ± 22.64 25.80 ± 17.33 30.29 ± 10.03 10.94 ± 8.31 24.77 ± 25.94 12.34 ± 10.07
CD3+, CD8+, IL4+ 0.00–1.40 0.23 ± 0.21 0.20 ± 0.28 1.11 ± 0.83 0.46 ± 0.40 1.26 ± 1.27 0.51 ± 0.65 0.81 ± 0.47 0.22 ± 0.17
Tc1/Tc2 7.83–185.08 49.51 ± 62.39 101.70 ± 103.52 127.14 ± 120.21 984.54 ± 1771.58 550.91 ± 974.27 654.58 ± 1136.02 60.02 ± 89.13 76.82 ± 57.32

(ratio)
CD3+, CD8–, CD69+ 82.91–201.89 172.45 ± 122.20 147.75 ± 62.66 59.53 ± 53.14 39.28 ± 18.77 68.95 ± 37.16 57.96 ± 39.23 84.12 ± 47.34 47.57 ± 39.01

(MFI)
CD3+, CD8+, CD69+ 54.27–119.07 82.70 ± 45.77 119.66 ± 36.51 18.72 ± 5.52 37.09 ± 20.28 33.35 ± 25.06 49.98 ± 26.42 50.73 ± 14.13 49.30 ± 40.58

(MFI)
CD19+ 5.00–32.98 18.20 ± 8.43 12.04 ± 6.42 21.84 ± 28.33 17.47 ± 3.07 24.44 ± 24.80 14.05 ± 4.86 18.12 ± 10.94 13.93 ± 5.86
CD56+ 8.94–22.94 13.42 ± 13.69 12.12 ± 6.82 12.67 ± 6.43 13.05 ± 7.12 13.79 ± 11.12 11.11 ± 4.10 14.65 ± 7.56 9.74 ± 5.19

* The value from the baseline measurement was calculated for each value at each timepoint. p < 0.05. MFI: mean fluorescence intensity.
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that in CD34-HSCT, it is noted that there was no difference
between good and poor response groups, and foxp3 gene
expression levels did not correlate with the clinical response
or with graft condition. CD4+CD25+ populations include
non-regulatory activated T cells as well as regulatory T
cells32. Increased CD4+CD25+ population might reflect the
activation of CD4+ T cells because CD4+HLA-DR+ popu-
lation also increased at 12 months in unselected-HSCT
group. Therefore, the role of CD4+CD25+ regulatory T cells
on clinical response was not evident in our study.

Although the importance of graft manipulation in auto-
logous HSCT for autoimmune diseases has been debated,
clinical outcome may not necessarily correlate with the
autoreactive clone survival after CD34-HSCT33. In patients
with rheumatoid arthritis, a pilot study showed that clinical
response and laboratory findings were also similar between
CD34-HSCT and unselected-HSCT12. In addition, auto-
immunity after autologous HSCT may result from the type
of conditioning regimen rather than graft condition (i.e.,
CD34-HSCT or unselected-HSCT)34. Although peripheral
immunity after autologous HSCT does not have a decisive
impact on disease control in our transplanted SSc patients,
further study will reveal the role of peripheral immunity
after autologous HSCT. Our results suggest the relationship
between clinical benefits and immunosuppression intensity
sufficient to suppress thymic output by the treatment.

The results of our study suggest that immunosuppression
sufficient to downregulate thymic function, rather than the
graft manipulation, can lead to clinical benefits in patients
with SSc. Additionally, appropriately monitoring the
sjTREC values after autologous HSCT may serve to identify
patients who would not achieve clinical remission by auto-
logous HSCT and additional treatment in a more timely
way.
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