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a b s t r a c t
Oral lichen planus is a type of T cell-mediated autoimmune disease. Satisfactory therapy results are not
usually achieved with conventional treatment; however, a new therapy employing T cell immune modulation may treat this disease. Mesenchymal stem cells are multipotent nonhematopoietic progenitor
cells that are capable of self-renewal and differentiation into various cell types, including osteocytes
and adipocytes. Thus, mesenchymal stem cells are regarded as a promising cell population for tissue
regeneration in the clinic. In the past several years, there has been a dramatic improvement in the understanding of immunosuppressive properties of mesenchymal stem cells on various immune cell types. We
propose that mesenchymal stem cells can be utilized to treat oral lichen planus patients via systemic
infusion or local application.
Ó 2010 Elsevier Ltd. All rights reserved.

Background
Oral lichen planus (OLP) is a common and chronic oral mucosa
disease that potentially leads to cancer. It is generally accepted
that the onset of OLP is a T cell-mediated immune damage course,
and is associated with autoimmunity [1]. T cells are the main cell
type inﬁltrating the diseased region of OLP, and the amount, distribution, subpopulation ratios, and T cell products change regularly
according to local pathogenesis development [2]. In the epithelium
of oral mucosa of OLP patients, CD8+ T cells account for the largest
proportion of local lymphocytes. CD8+ T cells are close to the apoptotic keratinocytes, whereas CD4+ T cells are primarily located in
the lamina propria of the mucosa [3].
Gándara Rey et al. [4] observed immune alterations in 52 OLP
patients and found that CD4+ T cells, the ratios of CD4+/CD8+ T
cells, and CD8+ CD45RO+/CD8+ CD45RA+ T cells were higher than
those of undiseased individuals. In addition, the alteration of cellular immunity was associated with not only the numbers of lymphocytes, but also with the reactional capability of lymphocytes
[4]. Although the symptoms of OLP are similar to those of oral mucosa graft-versus-host diseases (GVHD), the levels of CD1a, CD4,
CD8, CD25, and CD86 in OLP epithelium were higher than in epi⇑ Corresponding author at: Salivary Gland Disease Center and the Molecular
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thelium of GVHD oral mucosa, suggesting a stronger immune reaction in OLP [5]. CD8+ T cells in OLP highly expressed CCR5H and
CXCR3, which can carry the respective ligands of chemotactic factors for cellular degranulation, indicating that activation of cytotoxic T cells is a potential mechanism of OLP [6]. Furthermore,
antigen-presenting cells (including dendrites and Langerhan’s
cells), cytokines (IL-2, IL-6, IL-8, INF-c, and TNF-a), and cell adhesion molecules (ELAM-1, ICAM-1, VCAM-1, PECAM-1, VLA4, Pselectin, and L-selectin) also play important roles in OLP [7–11].
Collectively, these data indicate that OLP pathogenesis is a T cellmediated autoimmune reaction. To date, the primary therapy for
OLP is the application of immunosuppressive drugs, such as glucocorticoid, Tripterygium wilfrodii, and artrichin. Although these
drugs have some effect on symptoms, such treatment often causes
severe side effects, and satisfactory outcomes cannot be reliably
predicted. Thus, it is urgent to develop a novel method to treat OLP.
The hypothesis
We hypothesize that mesenchymal stem cells (MSCs) can be
utilized to treat OLP patients via systemic infusion or local application. This hypothesis is based on the following four points: (1)
MSCs can be easily isolated and expanded in vitro; (2) MSCs possess immunosuppressive properties in vitro and in vivo; (3) OLP
is a type of T cell-mediated autoimmune disease; (4) immunosuppressive drugs including glucocorticoids, T. wilfrodii, and artrichin
affect OLP.
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Immunological properties of MSCs
MSCs were ﬁrst described by Fridenstein et al., as the clonal,
plastic, adherent cells serving as a source of osteoblastic, adipogenic, and chondrogenic cell lines [12]. Although the main source
of MSCs is the bone marrow, these cells constitute only a small percentage of the total number of bone marrow-populating cells. Indeed, only 0.01–0.001% of mononuclear cells isolated on density
gradients gave rise to plastic adherent ﬁbroblast-like colonies [13].
In the absence of a standardized marker, MSCs are typically deﬁned by a combination of phenotypic and functional characteristics. Phenotypically, ex vivo-expanded MSCs express a number of
nonspeciﬁc markers, including CD105 (SH2 or endoglin), CD73,
CD90, CD166, CD44, and CD29 [13,14]. MSCs are negative for
hematopoietic and endothelial markers, such as CD11b, CD14,
CD31, and CD45 [13]. The functional criterion of MSCs is trilineage
potential in vitro: the ability to differentiate into bone, cartilage,
and fat upon proper induction [15].
In addition to their regenerative capacities, culture-expanded
MSCs also possess the unique ability to modulate immune responses, both in vitro and in vivo, and may function as immunomodulators in the maintenance of peripheral tolerance,
transplantation tolerance, and autoimmunity. Making use of multiple pathways, MSCs suppress the function of a broad range of immune cells, including T cells and B cells.
MSCs express low levels of major histocompatibility complex
(MHC) class I molecules. As MSCs express neither MHC class II molecules nor costimulatory molecules (such as CD40, CD80, and
CD86) on their surfaces, they therefore do not exhibit antigen-presenting cell activities [16,17]. When differentiating into adipose,
bone, and cartilage cells, MSCs exhibit MHC class I molecules, but
the expression of MHC class II molecules can no longer be induced.
The addition of IFN-c to the MSC cultures increases the expression
of MHC class I molecules and triggers the expression of MHC class
II molecules, but not of the costimulatory molecules. In coculture
experiments, MSCs failed to induce proliferation of allogenic lymphocytes in vitro, even after provision of a costimulatory signal
by addition of CD28-stimulating antibodies or transfection of
CD80 or CD86 costimulatory molecules, thus conﬁrming their
low immunogenicity [18–20].
MSCs are able to suppress T cell activation and proliferation
in vitro, irrespective of the identity of the MSC source: human, baboon, or rodent. This suppression affects the proliferation of T cells
induced by alloantigens, mitogens, and in mixed lymphocyte reactions (MLRs), as well as activation of T cells by CD3 and CD28 antibodies [21–23]. Suppression is MHC-independent and mostly
signiﬁcant if MSCs are added on the ﬁrst day of the 3- or 5-day culture [22].
In the presence of signals that favor T-helper cell 1 (Th1)
development, naïve T cells mature into IFN-c-secreting cells. If
MSCs are present in the culture, IFN-c secretion is reduced. Thus,
MSCs induce a bias toward Th2 differentiation [24]. MSCs also
suppress CD8+ T cell-mediated lysis if added at the beginning
of the MLR; lysis was partially abrogated by the addition of IL2. MSCs may inhibit the afferent phase of alloreactivity and prevent the development of cytotoxic T cells. MSCs have been reported to induce formation of CD8+ regulatory T cells that
were responsible for inhibition of allogeneic lymphocyte proliferation. Furthermore, an increase in the population of CD4+CD25+
T cells displaying a regulatory phenotype was demonstrated in
mitogen-stimulated T cell cultures in the presence of MSCs
[24,25].
MSCs cocultured with puriﬁed CD19+ B cells in the presence of
a cocktail of stimuli signiﬁcantly inhibited B cell proliferation [26].
Maximum inhibition was observed at 1:1 B cells:MSCs, and disap-
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peared at ratios of 1:5 and 1:10, in marked contrast with the inhibition of T cell proliferation induced by MSCs [26]. MSCs
cocultured with B cells in transwell plates similarly inhibited B cell
proliferation, suggesting that at least one soluble factor was implicated. The same study also showed that B cells cocultured with
MSCs downregulated their expression of CXCR4, CXCR5, and
CXCR7 chemokine receptors, and exhibited signiﬁcant defects in
chemotaxis. In another study, MSCs did not inhibit TNF-a, IFN-c,
IL-4, or IL-10 production. However, MSCs downregulated the
expression of the chemokine receptors CXCR4, CXCR5, and CCR7B,
and chemotaxis toward CXCL12 (the CXCR4 ligand) and CXCL13
(the CXCR5 ligand), suggesting that high numbers of MSCs affect
the chemotactic properties of B cells [27]. In a murine study, allogeneic MSCs were shown to inhibit the proliferation, activation,
and IgG secretion of B cells from BXSB mice, which was usually
used as an experimental model for human systemic lupus erythematosus [28].
Clinical applications of MSCs
Signiﬁcant clinical results were obtained by Le Blanc et al.,
whose work led to the successful treatment of severe, treatmentresistant GVHD [29–31]. Haploidentical MSCs were used in a 9year-old boy with severe, treatment-resistant GVHD of the gut,
skin, and liver after allogeneic hematopoietic stem cell (HSC) transplantation for acute lymphocytic leukemia. His symptoms of GVHD
and related clinical and pathological ﬁndings improved following
transplantation of haploidentical MSCs derived from his mother.
Other patients with acute and chronic GVHD have been treated
with MSCs, and no side effects were observed following MSC infusions. Among the 40 patients treated with MSCs for severe acute
GVHD, 19 experienced complete responses, nine patients showed
improvements, seven patients did not respond, and four maintained stable diseases. Twenty-one patients lived between 6 weeks
and up to 3.5 years after transplantation.
The marrow stroma is damaged after high-dose chemoradiotherapy prior to autologous or allogeneic HSC transplantation,
and is slow to reconstitute. Due to their immunosuppressive properties and particular function in marrow microenvironment, MSCs
have been regarded as a promising means to prevent graft rejection and to enhance HSC engraftment. An elderly woman with
end-stage severe aplastic anemia received MSCs derived from her
human leukocyte antigen (HLA)-haploidentical son on two occasions [32]. Engraftment of donor MSCs was detected by PCR in
the endostium of a bone marrow biopsy, but not in the marrow
aspirates, suggesting that transplanted MSCs are primarily located
in the bone tissue and can be transplanted across HLA barriers. A
20-year-old woman with acute myeloid leukemia received peripheral blood stem cells combined with MSCs from her HLA-haploidentical father [33]. The patient engrafted rapidly with no acute
or chronic GVHD, despite the fact that using haploidentical grafts
that are not T cells depleted by conventional immunosuppression
lead to a signiﬁcant risk of GVHD and rejection. Lazarus et al.
[34] reported 46 patients who received HSCs and culture-expanded MSCs from their HLA-identical siblings. MSCs were infused
4 h prior to HSC-graft infusion without any infusion-related adverse events. Moderate to severe GVHD was observed in 28% of
the patients, and 2-year progression-free survival was observed
in 53% of the patients.
Clinical signiﬁcance of MSC-mediated treatment for OLP
An original therapeutic strategy for the treatment of OLP will
result from the effective use of MSCs to treat OLP. If the new
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cell-based therapeutic approach appears more effective than conventional therapy, the application of immunosuppressive drugs,
which have serious drug-related cytotoxicities, will be decreased.
Evaluation of the hypothesis
The biological and immunological characteristics of bone marrow MSCs of OLP patients should ﬁrst be investigated, including
colony-forming capacity, cell proliferation, in vitro multi-lineage
differentiation, stem cell marker expression, in vivo tissue formation capability, immunogenicity, and immunosuppressive function. Upon observation of differential biological and
immunological characteristics of bone marrow MSCs, we next
should establish animal models of OLP, transplant autologous or
allogeneic MSCs into the animals, and evaluate the results and
the side effects of this method. Evaluation methods include the
clinical assessments, histological examinations, and hematological
and immunological evaluations that comprise routine blood and
biochemical tests, immunoglobulin tests in whole blood, analysis
of T cell-related immunological markers, including determination
of the expression proﬁles of CD3, CD4, CD8, and CD40L, and the
quantitation of the percentages of CD4+CD25highFoxp3+ regulatory
T cells should also be carried out. After demonstration of therapy
effectiveness in the animal model, well-designed, double-blind,
randomized and controlled clinical trials with large sample size
should be set in motion to test the feasibility of MSC transplantation before its clinical application.
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