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Introduction 
Multi-Drug Resistant (MDR)/Extremely Drug Resistant (XDR) 

tuberculosis is an increasing disease burden worldwide with a high 
prevalence in Eastern Europe, South Africa and South East Asia [1]. 
Treatment strategies including directly observed Treatment short 
course (DOTS), DOTS-Plus, recombinant human interleukin -2(rhu-
IL2) by aerosol treatment and recombinant interferon-gamma, have 
met with varied degrees of success [2-4]. It is a proven fact that the host 
immune profile plays a vital role in disease susceptibility. Numerous 
studies have documented the role of inflammatory cytokines in 
the depressed immune profile of the host. It appears from various 
studies, that (T helper) Th counter-regulation holds the key, to turn 
the pro-inflammatory responses to anti-inflammatory responses. In 
this context, several adjunct immunotherapeutic strategies have also 
been tried for their efficacy at various stages of active tuberculosis [5]. 
Mesenchymal stem cells (MSC’s) being immune-modulatory, have 
been an ideal choice as adjunct therapy in MDR/XDR tuberculosis, 
particularly in patients with co-morbidities.

Mesenchymal Stem Cells 
Mesenchymal stem cells have been isolated from various tissue 

sources such as blood, bone marrow and adipose tissue in adults, 
umbilical cord, chorionic villi and amniotic fluid and somatic cell iPSCs 
which are induced pluripotent stem cells (Figure 1). 

MSCs have demonstrable properties of differentiating into three 
lineages of the germ layers, the endoderm, ectoderm and the mesoderm. 
They are hypo-immunogenic in nature and negative to HLA-DR. They are 
inert to co-stimulatory molecules in allogenic applications, thereby proving 
to be a distinct cell candidate for immune modulation. MSCs are currently 
being investigated in the reversal of acute GvHD, chronic inflammatory 
diseases and autoimmune diseases, with varied success [6,7].

The presence of multipotent stromal cells was first suggested 
by a German Pathologist Cohnheim. These stromal cells constitute 
0.001 to 0.01% of the entire population of bone marrow nucleated 
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Figure 1: Mesenchymal stem cells can be sourced from various adult 
tissue sources such as peripheral blood, bone marrow, adipose tissue from 
omentum; fetal tissue sources from umbilical cord blood, chorionic villi, 
amniotic fluid; induced somatic cells such as induced pluripotent stem cells 
[iPSC].  
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cells. According to the International Society for Cellular Therapy, the 
minimum criteria to define cells as stem cells are: [8,9]

1. They adhere to plastic under standard culture conditions.

2. They are positive for CD105, CD73, and CD90 and negative 
for hematopoietic stem cell markers such as CD34, CD45, and 
CD11a CD19 and HLA–DR. 

3. Under specific stimuli, they differentiate into chondrocytes, 
myocytes, osteocytes and adipocytes in vitro (Figure 2).

The Immuno-pathology of Tuberculosis 
The cellular arm of immunity plays a vital role in the host resistance 

to infection with M. tuberculosis. The ability of the host immune response 
to contain and prevent the spread of the tubercle bacilli determines the 
robustness of the host response. The two cytokines that play a key role 
in this process are Interferon – gamma (IFN-γ) and Tumour Necrosis 
factor- alpha (TNF-α). Of these two cytokines, IFN-γ helps contain 
bacterial replication and prevents a destructive immune response to 
the infection. It has been observed by Chelluri et al. that mesenchymal 
stem cells have the propensity to respond in culture supernatants of M. 
tuberculosis in a dose dependent manner [10]. The IFN- γ produced by 
T lymphocytes stimulates macrophages to produce toxic nitric oxide 
intermediates which are inhibitory to tubercle bacilli. The tubercle 
bacilli, engulfed by macrophages remain dormant but are not killed for 
many years. This forms a Th1 response to the infection. Hence CD4 + T 
lymphocytes which do not express IFN-γ retain antimicrobial activity, 
though they lose the ability to suppress the inflammatory response. 
Another cytokine that correlates with IFN-γ is IL- 17 that recruits 
plenty of neutrophils to the site of infection. Increased number of these 
cells indicates a failed Th1 response with reduced levels of IFN-γ. It 
is hypothesized that the IFN-γ, when administered, may elaborate 
Il-10 that increases the recruitment of lymphocytes and reduces the 
number of neutrophils to the site of the infection. This in turn, reduces 
the deleterious effects of continued presence of neutrophils such as 
enhanced tissue destruction and limited immune mediate lung injury 
with an improved time to clearance of M. tuberculosis infection [11]. 

Thus, there is a beneficial role of IFN-γ in preventing increased tissue 
destruction in tuberculosis and maintaining a balance between the 
organisms and the enhanced T cell response in the same host. However 
all these are dependent on the dose and the timing of the IFN-γ 
administration which is yet to be unraveled (Figure 3).

Possible Mechanisms of Mesenchymal Stem Cells in 
MDR/XDR-Tb

Mesenchymal stem cells play a key role in tissue regeneration and 
immune function modulation - a consequence of complex cell – cell 
interactions. Mesenchymal stem cells constitutively express soluble 
immunomodulatory factors such as macrophage stimulating factor, 
Prostaglandin E2 (PGE2), Hepatocyte growth factor (HGF) and IL-10. 
IL-10 is a dichotomously functioningcytokine with immunosuppressive 
and/or immunostimulatory properties. Current reports have shown 
that tissue specific mesenchymal cells can modify dendritic cell (DC) 
function demonstrated by an altered capacity to interact with T cells 
and induce tolerance or T cell unresponsiveness. Mycobacteria may 
use this as a strategy to promote immune deviation towards less 
effective T cell responses. It is imperative to understand the underlying 
mechanisms of host responses and their influence on DC activation. 
This will aid in designing new therapeutic interventions and vaccines to 
combat resistant mycobacterial infections. The constitutive secretion of 
soluble immunomodulators by MSC’s is an added advantage to counter 
single cytokine strategies for therapy such as anti-TNF-alpha, rhu IL-2, 
IFN-gamma etc. They address the local inflammatory milieu in totality, 
countering the anti-inflammatory cytokine secretions to balance the 
Th1/Th2 responses.
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Figure 2: Mesenchymal stem cells have tri-lineage potential to differentiate 
i.e., ectoderm, endoderm and mesoderm. 
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Figure 3: Protective immunity requires a Th1 response, and tumour necrosis 
factor (TNF) is needed as an additional, macrophage activating factor. With 
a mixed Th1-Th2 cytokine response, TNF becomes toxic and mediates the 
gross tissue destruction characteristic of active, progressive tuberculosis. 
Stress and corticosteroids tend to drive newly recruited T cells towards Th2 
responses. The protective Th1 immunity, a characteristic feature of granuloma 
is regulated by two mechanisms firstly (1) IFN-gamma which is essential for 
granuloma formation, may limit the uncontrolled expansion of mycobacteria-
reactive T cells. Secondly, endogenous IL-10, produced during mycobacterial 
infections, can reduce IL-12 production from mycobacteria infected DC’s, 
migration of DC’s to draining lymph nodes and the expansion of IFN-gamma 
secreting T-cells. However, the effective dose of IFN-γ and timing is yet to be 
determined. 
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Furthermore, it is speculated that the IL-10 released from 
mesenchymal stem cell, along with macrophage stimulatory factors, 
PGE2, and HGF would antagonize the IL-12 and TNF-alpha secreted 
by M. Tb. These actions along with modification of DC function may 
serve to make the immune responses favorable to host resistance 
and down-regulate host susceptibility. The macrophage stimulating 
factor produced by mesenchymal stem cells would either increase 
the number of healthy macrophages or enhance phagocytosis by the 
activated macrophages in the infection stage and inhibit progress to 
inflammation and subsequent tissue damage (Figure 4). Further, the 
process may help develop the tolerant phenotype. The interaction 
between MSC-T cells, MSC-DC1 and DC2 may help us understand the 
T cell mediated pathways. 

In recent years, morphologically similar cells, not identical to bone 
marrow stem cells have been shown to originate from the stromal 
fraction of connective tissue from several organs including adipose 
tissue, liver and muscle [12]. Hence, it is important to remember 
that the origin of stem cells could well determine their ultimate fate 
and functional features. The essential difference between the MSC’s 
obtained from non-marrow sources and those obtained from the bone 
marrow, is that the latter are capable of a tri-lineage differentiation 
potential (30% of the clones), with some of the others exhibiting a bi-
lineage potential, while representatives of the former category do not 
have this potential. Most of the former groups of cells are said to be 
bipotent and some of them unipotent [13].

MSC Interaction with Immune Cells
All mesenchymal stem cells have immunomodulatory 

characteristics, including inhibition of T cells proliferation in vitro 
which was among the first to be observed [14]. These stem cells are 
known to be immunosuppressive, interacting with other immune 
cells under the influence of pro-inflammatory cytokines. They may 

also secrete cytokines which have a suppressive effect [15]. This 
immunosuppressive potential is not immunologically restricted based 
on their origin. The degree of immune-suppression is believed to be 
dose dependent, with higher doses posing an inhibitory effect on T cell 
proliferation [16]. The following mechanisms of interaction of MSC’s 
with immune cells is noted [17]: 

a. They inhibit characteristics of NK (Natural killer) cells, such as 
their proliferation and cytotoxicity and their ability to produce 
cytokines via the elaboration of PGE2 (Prostaglandin E2) and 
indolamine 2,3-dioxygenase (IDO) . 

b. Inhibit the differentiation of monocytes into immature myeloid 
dendritic cells (DC’s), production of TNF (tumour necrosis 
factor) by the DC’s and convert mature DC’s into immature 
DC’s. 

c. Increase the production of IL-10 by plasmacytoid DC’s.

d. Release several molecules including PGE2, TGFβ-1 and IDO 
thereby inhibiting CD4 T cell function. 

e. Promote the formation of regulatory T cells (T regs). This is a 
subpopulation of T cells that help prevent tissue damage and 
associated pathological changes in the lungs and liver. They 
contain unrestricted expansion of effector T cell populations. 
They are identified by the co- expression of CD4 and CD25 
antigens and production of regulatory cytokines such as IL-10 
and TGF-β [18].

f. They inhibit B cell function with the help of soluble factors and 
cell to cell contact.

g. They inhibit the respiratory burst in neutrophils. 

Overall, the main interaction with immune cells may be summarized 
by their modulation of cytokine production by DC Th1 and DC Th2 
cells, blocking the maturation of antigen presenting cells (APC’s) and 
increasing the number of Tregs CD4 CD25 positive cells in a mixed 
population of lymphocytes. 

In recent times, MSCs are thought to be actively involved in repair 
of tissues [19]. Their migration to and differentiation at the site of tissue 
damage are important steps in tissue repair. They have the ability to 
secrete cytokines and growth factors at the site of tissue injury and 
inflammation which contributes significantly to their therapeutic 
potential [20]. The therapeutic benefits are related to certain features 
of MSC’s such as, their anti-scarring, angiogenic, anti- apoptotic 
properties, and the fact that they are immunospuuressive for T cells and 
other immune cells as well as their regenerative capacity [21]. All these 
together may contribute to altering acute and chronic inflammatory 
responses in addition to enhancing the host regenerative capacity [22]. 
The production of cytokines and their actions are said to be dependent 
on their location, the niche and severity of the injury. 

MSCs in TB and Other Infections
It is speculated that the ability of MSC’s to interact with the internal 

milieu at the site of the tissue injury may influence their therapeutic 
potential. . This implies that systemically infused mesenchymal stem 
cells would repair and regenerates injured tissue at the site directly or 
influence the host immune system to affect repair [23]. The action of 
these stem cells on the lung tissue at sites of inflammation would be to 
tone down the inflammatory response and render it insusceptible to 
inflammation. In the event of pulmonary fibrosis, they may have a role 
to reverse the deposition of collagen and to remove deposited collagen. 

MSC  recruitment at this stage 
would entail the sup pression of T
cell mediated cytotoxicity which
otherwise tend to lead towards
pulmonary necrosis, cavities ,  a 
consequence  of   Mycobacterial
infection
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Figure 4: IFN- and TNF-α are the two critical cytokines in counter-regulating 
the Th imbalance influenced by various external stimuli in the innate and 
adaptive immune profiles. Mesenchymal stem cell therapy as an adjunct in 
the treatment of multi-drug resistant/extremely drug resistant tuberculosis 
cases may help alleviate the cascade of deleterious events and improve the 
quality of life. 
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The application of MSC’s in chronic pulmonary disorders rests on 
maintaining a balance between the extent of pulmonary fibrosis and 
the ongoing parenchymal inflammation. 

Mesenchymal stem cells are non haematopoeitic stem cells which 
have emerged as a therapeutic modality in many inflammatory 
disorders. Their potential has been exploited in cell therapy using a 
number of strategies such as systemic infusions for the treatment of 
rheumatoidarthritis, Hemophilia B, Type-1 diabetes mellitus, Graft 
Versus Host Disease (GvHD), acute myocardial infarction, multiple 
sclerosis, Crohn’s disease and Systemic Lupus erythematosus (SLE) 
[24,25]. They have been used to repair tissue in acute lung injury due 
to any cause such as COPD (Chronic Obstructive Pulmonary Disease), 
pulmonary hypertension, asthma and allergy and fibrotic lung disorders 
[24]. It is found that these stem cells are recruited to the site of infection 
in pulmonary tuberculosis and form a rim of cells at the periphery of 
a granuloma. At the periphery, they exert their immunosuppressive 
effects which could form the basis of immunotherapy in the future. 
They are thought to express the stem cell marker Sca-1. The mechanism 
by which they migrate to the periphery of a granuloma or any damaged 
tissue site in the body and the reason for their survival is not clearly 
understood due to the lack of reliable tracing markers [25]. It is also 
known that the immunosuppressive effects of mesenchymal stem cells 
are mediated by their interaction with IFN-γ along with TNF-α and IL-
1. This is akin to them being licensed to be immunosuppressive. This 
could be extrapolated to the fact that stem cells are best active when 
administered after the onset of inflammatory diseases. Interaction and 
treatment of stem cells with inflammatory cytokines may also help 
enhance their therapeutic efficacy. This is well brought out in a mouse 
model with GvHD induced disease [26].

When recruited to the periphery of a granuloma, they elaborate 
nitric oxide (NO) which in turn suppresses the T cells within the 
granuloma. Thus, the granuloma harbors the M. tuberculosis organisms 
at the centre of the granuloma and the mesenchymal stem cells at 
the periphery NO also induce and enhances T cell apoptosis, thus 
contributing to the immunosuppressive effect [27]. NO is unique as t 
it is active when it is in close proximity to the cells producing it. The 
immune-suppression reduces as one move away from the granuloma 
[28].

NO is an important mycobactericidal agent, thereby increasing the 
host resistance to tuberculosis. NO produced by the stem cells is in close 
proximity to the mycobacteria as well as the T cells, an environment 
conducive to its production. Thus, stem cells by virtue of their NO 
production, maintain a dynamic equilibrium between the mycobacteria 
on the one hand and the enhanced cellular immune response induced 
by the T cells on the other [29,30].

Whilst NO has always been found to have inhibitory effects on T 
cells at the site of a tuberculous granuloma, they also are found to induce 
Fox P3+ regulatory T cells (also called Tregs) from a common pool 
of CD4 T cells during M. tuberculosis infection. A study from the All 
India Institute of Medical Sciences (AIIMS) did look at the ability of M. 
tuberculosis to evade host immunity by recruiting mesenchymal stem 
cells to the site of infection. The doubt remains whether this activity 
could inhibit T cells and promote susceptibility to M. tuberculosis 

infection [31]. The authors in their study found that mesenchymal stem 
cells did induce Tregs to establish T cell tolerance during M. tuberculosis 
infection. This induction and expansion of Tregs has previously been 
reported to occur during progression of tuberculosis as a disease in 
human beings [32]. 

The capacity to exert an immunosuppressive effect requires the 
MSC’s to be in physical contact with T cells. Due to this property, they 
do not participate in a generalized immunosuppression, but do exert 
a localized immunosuppressive effect that inhibits the destructive 
activity caused by unlimited T cell activation. Hence it is thought that 
the mesenchymal stem cells could be a potential immunotherapeutic 
target for the treatment of tuberculosis [33,34].

MSC’s in MDR/XDR with Co-morbidities
HIV infection complicated by MDR/ XDR tuberculosis calls 

for a new approach that is non-toxic, less expensive with a promise 
to improve the quality of life. The present drug regime has several 
limitations. Skrahin et al., in their recent series have published data of 
thirty patients who suffered MDR tuberculosis and were infused with 
mesenchymal stem cells in addition to h conventional anti- tuberculosis 
therapy with susceptibility testing. Of the 30 patients, sixteen cleared 
their infection after six months of infusion with stem cells, while the 
other fourteen demonstrated mild adverse reactions such as high 
cholesterol, nausea and lymphopenia or diarrhoea [35]. This study 
imbues us to consider adjunct MSC therapy to the existing therapeutic 
protocols. Whilst this shows promise, more work and data are needed 
in this area. 

MSC Trials in Other Lung Diseases
A list of pulmonary disorders with the potential application of 

mesenchymal stem cells and the status of their application are shown 
in the Table 1. 

The Skrahin study used autologous mesenchymal stem cells based 
on the POSEIDON trial in cardiomyopathies. Mesenchymal stem cells 
used in many clinical trials range between 0.5-3.0×106 cells per kg [37]. 
There is high variability in the yield of MSCs amongst donors one of 
them being decline in age. Their study did not show any suppressed 
peripheral T-cell responses due to MSC infusion, circumventing the 
risk of increased host immune deviation responses. Timing and dose 
is a pertinent factor that warrants case controlled Phase-II clinical 
trials. They propose that MSC infusion in cases of MDR/XDR Tb with 
co-morbidities such as HIV, Hep B and C may worsen the immune 
suppression leading to more complicated infections. Hence, MSC 
infusion in such cases demands a more rigorous approach [35].

In summary, it is felt at this juncture that, there is a role for 
mesenchymal stem cells as a locally acting immunosuppressive 
therapeutic modality. This would help contain the mycobacterial 
infection and also restrict the cellular (delayed type hypersensitivity) 
DTH response to the tubercle bacilli. The exact mechanism of action 
of these stem cells is partly worked out and chemicals such as NO are 
believed to play a role. However, more work needs to be done in this 
area. Another perplexing issue is the timing of administration of the 
stem cells vis-à-vis the inflammatory response and the dose of the same 

S. No Disease condition Mechanism proposed The animal model Refs 
1 MDR/XDR-Tb Adjunct therapy Autologous open label Phase-I safety trial [35]
2 Bacterial diseases Immunosuppressive and anti-bacterial effects of MSCs Animal model [36]
3 Broncho-pulmonary dysplasia Reparative and regeneration Animal model [37]

Table 1: Mesenchymal Stem Cell clinical trials in Pulmonary Tb,MDR/XDR-Tb.
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to an individual patient, as an excess could also lead to deleterious 
effects. Medical research in the future will hopefully give us an insight 
into these aspects of mesenchymal stem cells and the role they have to 
play in containing the effects.

Perspective
It is too early to deduce the exact role of mesenchymal stem cell 

therapy as an adjunct in MDR/ XDR TB with co-morbidities. However 
this can be a novel therapeutic intervention in patient management. It 
appears that MSC’s can mitigate the severity of the disease. It is to be 
seen whether further research insights would help us understand the 
underlying mechanistic pathways for the comfort of safety and efficacy. 
More controlled clinical trials are warranted for a cumulative progress 
in this direction.
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