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Abstract
Bronchiolitis Obliterans Syndrome (BOS) is a well-recognized complication of allogeneic Hematopoietic Stem
Cell Transplantation (HSCT). The management of bronchiolitis obliterans has been frustrating, with patients
developing progressive Air Flow Obstruction (AFO). The purpose of this study was to evaluate the efficacy of
human Bone Marrow Derived Mesenchymal Stem Cells (BMMSC) as the salvage therapy for BOS after HSCT. One
patient with BOS received intravenous infusions of BMMSC at a dose of 1.5×106/kg per patients’ weight, and rapid
recovery from BOS without any side effects was observed. We concluded that BMMSC seems to be a promising
therapeutic method in patients with BOS after HSCT.
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Introduction
Bronchiolitis Obliterans Syndrome (BOS) is the most common lateonset noninfectious pulmonary complication following HSCT which is
associated with substantial morbidity and mortality in adult patients
[1,2]. Current estimates in the literature suggest that approximately
2% to 3% of all allogeneic HSCT recipients and 6% of patients who
develop Chronic Graft-Versus-Host Disease (cGVHD) will develop
this syndrome [3-5]. However, based on recent studies it is likely that
the true incidence of BOS is probably much higher [6].
The mechanism under BOS is still unclear. Allorecognition of
lung antigens mediated immune process may play crucial roles in this
complication, because BOS is most commonly seen following lung
transplantation and HSCT in association with chronic GVHD [7].
The treatment of BOS is similar to that of chronic GVHD and
consists of high dose systemic corticosteroids and immunosuppressive
therapy [8]. Despite aggressive immunosuppressive therapy the
eventual outcome for these patients is unsatisfactory. Consistent with
previous reports, patients with BOS experienced a 40% non-relapse
mortality, significantly greater than those without BOS [9,10]. Thus
clinical trials of new or novel therapies are needed.
Recently, human MSC attracted more and more attention
in treatment of varieties of human diseases such as osteogenisis
imperfecta, diabetes and myocardial infarction and so on [11,12].
The low immunogenicity makes them the ideal seed cells in cell
therapy. Furthermore, the immune regulatory potential of MSCs has
been highlighted because they could suppress immune responses in
vivo and in vitro by inhibiting T lymphocyte cells proliferation, thus
representing a novel treatment method for Graft-Versus-Host Disease
(GVHD) [13]. This also suggests that administration of MSC may
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represent a novel therapeutic strategy for immune-mediated BOS.
Here, we describe first report of our successful experience of using
Human Bone Marrow Derived MSC (BMMSC) to treat BOS after
failing conventional treatment options.

Materials and Methods
BMMSC preparation and injection
Human BMs were collected after obtaining informed necessary
consent from donor. All the procedures were approved by the Ethics
Committee at Anhui Medical University and have therefore been
performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki. Briefly [14], BM aspirates were collected
from the posterior iliac crest under local anesthesia and mononuclear
cells were obtained by Ficoll-Paque density gradient centrifugation, the
interface was collected, and resuspended in Dulbecco’s modified Eagle
medium (low glucose DMEM/F12), supplemented with 40% MCDB201 (Sigma), 2% fetal bovine serum (Gibco Life Technologies, Paisley,
UK), 1-insulin transferring selenium (Gibco Life Technologies), 109
M dexamethasone (Sigma), 104 M ascorbic acid 2-phosphate (Sigma),
10 ng/mL epidermal growth factor (Sigma), and 10 ng/mL plateletderived growth factor BB (Sigma), 100 U/ml penicillin, and 1,000 U/ml
streptomycin (Gibco) and then plated in a culture flask (1×106 cells/mL)
in a humidified environment of 5% CO2 at 37°C. After 24 to 48 hours,
nonadherent cells were removed and the adherent layer was cultured
until it reached 70% to 80% confluence. Cells were then detached with
0.05% trypsin and 0.01% ethylenediamine tetraacetic acid and replaced
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[15]. The culture expanded cells were assayed in a flow cytometer (FAC
Sort, Becton Dickson, and San Jose. CA, USA) and the data analyzed
with Cell quest software (Becton Dickinson). BMMSCs were positive
for CD29, CD44, CD105, and CD106, but failed to express CD31,
CD34, CD45, and HLA-DR (Data not shown). The cells were cultured
negative for bacteria, mycoplasma, and fungi before infusion.

Results
A 38 year old female patient was referred to our clinic in
December 2009 with dizziness and asthenia, She was then diagnosed
as acute myeloid leukemia type M5 and after 4 consecutive standard
chemotherapies, she achieved a complete remission. In October
2010, She received allo-peripheral blood haematopoietic stem cells
(containing 3.61×106/kg CD34+ cells and 3.04×108/kg mononuclear
cells) combined with bone marrow transplantation (containing
1.13×106/kg CD34+ cells and 1.55×108/kg mononuclear cells) from a
leukocyte antigen (HLA) matched sibling. The conditioning regimen
was classical Busulfan and cyclophosphamide (BuCy) method
consisting of busulfan (3.2 mg kg−1. day−1) intravenously from days −7
to −3; cyclophosphamide (1.8 g m−2 day−1) intravenously from day −3
to −2.
The patient also received CsA and methotrexate (MTX) to prevent
GVHD. The dosage of MTX was 15 mg/m2 intravenously on day +1,
followed by 10 mg/m2 intravenously on day +3, +6 and +11 after
transplantation. The dosage of CsA was 2.5 mg kg−1 day−1 intravenously
from day 10 before transplantation until bowel function was normal.
Then CsA (3.25 mg/kg) was given orally twice a day with plasma levels
range from 150 to 250 ng/ml during the first 40 days and then tapered.
On day +10 after transplantation, Hematopoietic reconstitution
was seen in this patient. The duration from transplant to an absolute
neutrophil count >0.5× 109/L and to a platelet count >20×109/L was
13 and 19 days respectively. On day +12 and +27 the experiment of
STR-DNA showed that the recipient’s hematopoietic tissues are 100%
donor derived. Engraftment was confirmed by a bone marrow aspirate
and biopsy on day 23. The early complications such as Acute Graft
Versus Host Disease (aGVHD) and Hepatic Veno-Occlusive Disease
(hVOD) and infections were not detected within the first 3 months
after transplantation. The cytomegalovirus infection was excluded by
weekly examination.
Eight months after the transplantation, the patient suffered
dyspnea on effort and dry cough, then she was treated with antibiotics,
doxofylline, ambroxol and voriconazole. However her symptoms
progressive increased. We diagnosed her Bronchiolitis Obliterans
Syndrome (BOS) because high-resolution chest computed tomography
scan showed the presence of air trapping during the expiratory phase
which was represented by areas with hypoattenuation that correspond
to obstructed airways interspaced with areas of ground glass
appearance corresponding to the pulmonary lobules of patent airways.
The pulmonary tests also showed obstructive ventilatory disorder
accompanied with small airway function exception and significantly
decreased diffusion function by spirometric data showing that FEV1/
FVC less than 0.7 and FEV1 25% from the predicted value. She was then
treated with methylprednisolone (1 mg kg-1 d-1) and azithromycin (3 mg
kg-1 d-1). Her symptoms and the spirometric data were improved after
4 weeks of therapy. However, in parallel with corticosteroid tapering,
her symptoms recurred again and pulmonary functions worsened.
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After careful consideration she was therefore given an experimental
treatment with human BMMSC. Her sister was chosen because Major
Histocompatibility Complex (MHC) compatibility is not necessary for
mesenchymal stem cell immunosuppression. After ethics committee
approval and the patient’s informed consent, 1.5×106 BMMSC per kg
of the patient’s weight was administered intravenously on day +275 and
day +305. No BMMSC infusion-related side effects were noted during
and after the cell infusion. The patient had a significant response to this
therapy, as demonstrated by the disappearance of lung symptoms and
significantly improved pulmonary function. Now she continues to be
asymptomatic with her pulmonary function within the normal ranges
and tapering steroid dose was successfully achieved.

Discussion
Advances in haematopoietic stem cell transplantation techniques,
and prophylaxis and treatment of infections, have significantly decreased
the risks of infectious complications following transplantation [16].
As a result, late complications, including bronchiolitis obliterans
syndrome, are increasingly becoming a major cause of morbidity and
mortality following haematopoietic stem cell transplantation [17].
BOS often occurs after 3 months past transplantation. According to
the literature, several risk factors are associated with the development
of BOS such as older age of recipient, AFO prior to HSCT, early
respiratory viral infection, busulfan-based conditioning regimen,
methotrexate-based GVHD prophylaxis and cGVHD and so on [18-20].
Among them the most important association with BOS is the presence
of cGVHD [21]. BOS is thought (although has not been proved) to be
caused by cGVHD, in which the host lung epithelium activates donor
cytotoxic T lymphocytes which target the bronchioles of the recipient
and mount chronic rejection responses against lung allo-antigens
[3,7]. Furthermore BOS is typically accompanied by allo-immune
manifestations in other organs, for example, liver, eyes, or skin [3,22].
Ditschkows et al. [23] found that the depletion of T cells in grants to
prevent GVHD before transplantation could avoid the appearance of
BOS supporting the hypothesis that BOS is a manifestation of cGVHD
in the lung.
The treatment of BOS faces lots of challenges. Despite aggressive
immunosuppressive therapy, fewer patients had complete resolution
of disease. In addition, despite a long course the eventual outcome for
these patients is unsatisfactory [16,24]. This present a new question
that novel therapies are essential. Recently more and more studies
have suggest that MSCs have unique roles in immune suppression by
inhibiting T cells proliferation [25,26]. Numerous clinical trials using
MSCs to prevent and treat GVHD have been carried on world-widely
[13], moreover MSCs are thought to suppress acute and chronic GVHD
without damaging the graft-versus-leukemia effects thus representing a
novel treatment for GVHD [27,28]. But the molecular mechanisms by
which MSC suppress immune responses in vivo and in vitro are poorly
understood. In addition, in vivo in humans, autologous and allogeneic
MSC are safe to infuse with no acute adverse events and no longterm MSC associated adverse events [27,28]. Our case successfully
demonstrated that the infusion of MSCs could significantly improve
the symptoms of the patient associated with conventional treatment
thus some patients with BOS after HSCT may benefit from MSC
therapy in the future and MSCs might become one additional option
for the treatment of BOS.
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