Hematopoietic Stem Cell Transplantation: Are we there yet?
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»Hemato c Stem Cells (HSCs,
*Thase are the cells that give rise to all the other blood cells and are derived from the|
midd|e germ layer during the development of the embrya i.e, Mesoderm,
*The HSCs have long and short -term regeneration capacities and can commit (o
myeloid, lymphaoid, erythroid and megakaryocyte lineages.

*They have the unique capacity to undergo self-renewal and produce daughter cells
that retain stem-cell properties, thersby maintaining a steady state of stem cell pool.
+*HSCs repair DMA efficiently, resisi apoptosis, and excrete foxic drugs by means of
ATP-binding transporters (side population celis).

©e

HSCTis divided into two types on the basis of the transplant donor:
1.Autologous -

In autologous transplantation, the patients own stem cells are preserved and
used for transplantation after the conditioning regimen.
2. Allogeneic -

In allogenic transplantation, stem cells from an HLA maiched healthy person is
transplanted into an immuno-compromised patient.
e
A] Leukemia:
sLeukemia represents the mosl common pedialric malignancy, accounting for
approximataly 30% of all cancers in children less than 20 years of age.
*During chematherapy, leukemic patients are treated with drugs like metholrexate by
targeting spinal cord. This therapy has higher chances of CNS relapse which can
now be ovarcome by HSCT.
sAllogenic HSCT Improves disease free survival. Mulliple studies indicate that TBI
based allogenic fransplant conditioning regimens are associated with lower risk of
relapsa in comparison to chemotherapy only regimens,
B| Immunocompromised patients:
sIntensive immunosuppression followed by HSCT (CD34 selection) has been
proposed or inifiated as a therapy for patients with severe autoimmune diseases
{SADS) who have poor prognostic features, Before HSCT these patients undergo
myeloablative condifioning with TBI with or without immuncsuppressive drugs. Till
date this therapy shows either stabilization of disease or improvement in the patients.
suffering from immune mediated diseases.

+Hematopoietic Stem Cell Transplant

=HSCT refers to a procedure in which HSCs are
infused to restore BM function in  patients
undergoing chemeiherapy with or without total body
iradiation (TBI).

SENT SCENARIO

Mesenchymal Stem Cells (MSCs)

e first mxpesence with the use of MSC for the GWHD was reported by the Karclinska Transplant Cenire which
successfully ireated a 9-year-old boy suffering prevention of GVHD was reported in 2002 bud the first documented
obserealion of their dimscal eficacy = sleroid-resistant grade IV acute GVHD by wsing haplo-identical third-party M3Cs
+M5Cs act on almost every call that is responsible for the immuna response in our body. They are known to play 8 wary
impartant role in immencsupprassion as follows-

1.T cells- The veto like activity of MSCa & responsible for the suppresaion of T cells. Vieto cells refer 1o a group of
ymphokd cells that act as fraudulent APC and specifically Inhibit T call precursor clones that intaract with them.

2. Dendritic Cells {DC}- MSCe Inhibita the inital diferentiation of monocytes 1o DC by down regulating the expression of
cartain DC spe = markers e COa, It s 30 shown that MSC causes malture DG 1o decrease THNF-0 secrefion and
mature DC2Z 1o increase IL-10 secrelion, leading lo a stale of immunalolerance,

3. Natural Killer cells (NK)- |t has been suggested hal MSCs down regulale IFN-y production af IL-2
and suppress the profiferation, cytoking secrafion and cytoloxicity of those stimulated by IL-15,

4, B celis- The mullilevel intervention model proposed that MSCs affect the proliferation, antibody production and chemo
laxis of B calls,

*Thase immunomodulatory effects of MGCs are responsible for the reduction of GWHD when co-transplanted with HSCs.
+Siudies conducted by Le Blanc at al have shown that co-fransplantation of MSCs resulted in fast engrafiment and

100% donor chimerism, in patients who were re-transplanted for pravious graft failure/rejections

+Tha BM microenwironment (specialized niche) provided by MSCs is vital to the developmeant, differentiation, and
reguiation of the lymph hematopoietic system as well as for & seccessful graft. It comprises different types of cells such
as fibroblasis and endothedal cells. -Nowadays, M3Cs are used for lissue engineanng and skin transglant,

ssue Engineering:
«The M3Cs have been use

slimilated MK

n prec I vodels for lissue engingening of Done, carilage, Muscle, Marnow Sonma,
tendon. fat, and other connective tissues, These wuc -gngineered materials show considerable promise for use in
rebuilding damaged or di sed mesenchymal
* Troghac activity of MSCs - Research shows that MSCS secrebe certain bioactive moleculas that provide a regenerative
microgrvirenment for the HSCs
+ Skin transplant;
+Studies have showed that human MSCe mantain phenotypic altributes and in vitro differentiation plasticity during long teem
culture.
«Studies have shown that MSCs have been aoke to accelerate wound heakng and clinlcal studies are ongolng 1o
Socurment their usefulness i the trealment of wounds and grafls,

e and Cartilage regeneration:
=Ag Ihe MECs have capacily of continuous sell renewal as well as diferentialion they give rise nol only o embryonic
bz, but also to the continuous supply of osteogenic cels requined for bone remodeling and fraclure repair throughout
adulthood. Also they are fiee from elhical concems, residents of mulliple lissues, possess non-immunogenic properties,
have injury-seeking capabities, and can be used as vehicles for bone gene therapy, These characteristics make MSCs
safe and promising candidates for usa in bana engineearing and raganaration.
+In 1974, Friedenstein at al discovarad that MSCs regulata osteopgenesis and ara responsible, for the regenaratve
«capacity of bone tissue and till date using of MSCs for the reatment of disease like osteoporosis is in practice

Figure- Secreted factors from cultured mesenchymal stem cells
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HISTORICAL PERSPECTIVE

«Thomas el al first reported the infusion of bone marrow in 1957 to patients who
recaivad radiation and chematharapy.

sDuring the kate 1950s, Thomas et al reported the use of total body irradiation and
syngenic Iransplandation for reatment of leukemia

=In the early 19608 & better understanding of hurman leukocyte antigen
typing (HLA) led to the usa of alloganic sibling donors for transplantation

+Emphasis was placed on developmanls in the areas of histocompalibility,
condilioning regimens, and preventian and ireatmant of graft-vamsus-hest dsease [GvHD)

¢ «Efforts wera made to fnprove supportive cane measures such as the use of antibiotics
and mons effacive condiboning regimens,

+By hi lale 19705, Thomas e al demenstrated the use of Mogenichons marfew from

i an HLA identical aibling following adminstraton of tetal body iradiation and

| cymauhusphnmlna

+In 1983, The usa of a chemotherapy-based praparative ragimen of buswuifan and high
dosas of cyclophosphamide was used to replace the use of todal body irmadiation

»The use of the stem cell collectad from the peripheral blood was introduced in the mid

to lata 19808 by Kessingar at &l. Also the interest of using UCE a5 a source of stem

calls graw in the late 19600,

*The use of the unrelated donor as a source of stem celis for transplantation continued
1o grow because of improved understanding of HLA Lyping.

«In the late 19905, non-myeloablative stem cell traraplant (NST) was used &3 an
alternative treatment option for hematologic diseases and solid tumors.

*Efforts contmue o imprave Ihe prévention and Irealment of GWHD,

*Interast in the use of masenchymal stem cells for freatment of acute GVHD has
bean studied and use of extracorpeal photopheresis in treatment of chronic GVHD
has bean evalualed.

sThe use of PBSCs have significantly increasad for autologous and allogenic ransplantation
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DOES THE FUT

WH

E HOLD

sIncreasing the rate of success of HSCT.
sidentification and maltching of genelic factors such as
HLA-C and killer immunoglotudin like receplors (KIRs)
»  Improving engraftrment potential and reducing GVHD.
-Optimization of the graft versus leukemia effect thereby
reducing the chances of relapse of the disease.
+5Shift focus from allogenic to autologous transplantation
thereby comphetely ediminating the requirement of HLA
matching. To apply this approach it is imperative fo
specifically ientify HSCs and expand them in fn wirolin wvo
without compromising on their stem cell properties or
inducing them to bacome deragulated.

Raducad cost of
Transgplantaiion
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