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Hematopoietic stem cell disorders such 
as severe aplastic anemia, myelodysplastic 
syndrome, paroxysmal nocturnal hemoglo-
binuria and clonal disorders, e.g., acute my-
eloid leukemia, acute lymphoblastic leuke-
mia, chronic myeloid leukemia, lymphoma 
and multiple myeloma are fatal conditions. 
Secondaries from solid tumors, e.g., neuro-
blastoma, Wilm's tumor and rhabdomyo-
sarcoma in children involving the hemato-
poietic system are also fatal. High dose che-
motherapy or radiotherapy either alone or 
in combination, not only eradicates the tu-
mor cells but also destroys the hematopoie-
tic stem cells. Reconstitution of hematopoi-
etic stem cells offers a definitive therapy for 
a variety of disorders and it has been a fo-
cus of intense research over the last 3-4 de-
cades(l-5). 

Hematopoietic stem cells were initially 
obtained from the bone marrow of a donor 
and were infused intravenously into recipi-
ent. This procedure is commonly known as 
bone marrow transplantation (BMT). The 
hematopoietic stem cells can be obtained 
either   from   genetically   identical   twin 
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(syngenic) or from an HLA identical 
matched sibling (allogenic). Another source 
of hematopoietic stem cells is from the pe-
ripheral blood used for stem cell transplan-
tation (PBSCT). The probability of getting a 
HLA matched donor is about 30-35%(4). It 
is becoming increasingly difficult to find 
suitable HLA matched sibling donors as 
the family sizes are getting smaller. To 
overcome this problem, bone marrow 
registeries have been established in the de-
veloped countries from volunteer donors to 
find suitable HLA matched unrelated do-
nor (MUD) for those patients who do not 
have matched sibling donor. 
HLA Matching 

Success of hematopoietic stem cell 
transplantation is dependent upon accurate 
HLA matching. Standard serological meth-
od using alloantisera for class I (HLA-A,B) 
and class II (HLA-DR-DQ) antigens along 
with family haplotype segregation studies 
are essential to determine the genotypic 
identity. Recently a number of molecular 
techniques have been developed using di-
mensional isoelectric focusing for identifi-
cation of HLA-A, B and C antigen variants. 
DNA molecular studies have been em-
ployed to identify a better match for the 
HLA-DR and DQ alleles(6). Some centers 
use polymerase chain reaction for finger-
printing the HLA-DR matching. These ad-
vances have helped to identify the perfect 
HLA matching. Mixed lymphocyte culture 
assays have been used to determine the 
functional significance of HLA disparity. 
However, the results of mixed lymphocyte 
culture studies are unable to predict the 
acute graft versus host disease (GVHD)(3). 
To overcome the disparity of mixed lym-
phocyte culture studies, functional assays 
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has been developed to identify the CD-34 
antigen as a marker for hematopoietic 
cells(11). One to three per cent of normal 
bone marrow mononuclear cells were iden-
tified as immature progenitor cells(12,13). 
CD-34 cells, when correlated with the colo-
ny forming assays generated multipotent 
granulocyte-erythroidmacrophage-mega-

karyocyte colony forming units (CFU-
GEMM), burst forming erythroid units 
(BFU-E), erythroid colony forming units 
(CFU-E), granulocyte-macrophage colony 
forming units (CFU-GM) and megakaryo-
cyte colony forming units (CFU-
MEG)(14,15). Further studies revealed that 
more immature subpopulation of CD34+ 
. progenitor cells which constitute 5-20% of 
bone marrow cells express multiple lineage 
specific antigens (CD 5, CD 10, CD 33, CD 
71)(16,17). These observations indicate that 
CD-34 antigen identifies hematopoietic 
progenitor cells in various stages of matu-
ration and serves as a better indicator for 
identification of hematopoietic progenitor 
cells. 

Cell Compartments 

Cells from the bone marrow, peripheral 
blood and umbilical cord generate almost 
equivalent number of CFU-GEMM, CFU-E, 
CFU-GM and CFU-MEG colony forming 
units(12). It has been observed that CD-34+ 
cells in the peripheral blood are always in 
equilibrium with the bone marrow and 
usually do not exceed 10% of fraction in the 
bone marrow(13). Umbilical cord blood is 
more comparable to adult bone marrow in 
the hematopoietic progenitor cell num-
ber(16,18). 

Quantitative determination of CD 34+ 
cells subpopulation is often difficult. Pe-
ripheral CD 34+ cells may express myeloid 
CD 33 and panleucocyte CD 45 antigens 
more often than bone marrow. Similarly 
CD-71 transfusion receptor antigen on the 
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using dilution assay of cytotoxic T-lympho-
cyte and T-helper lymphocyte precursor 
cells have been developed(7,8). These stud-
ies have been successful in predicting the 
development of acute GVHD. 

HLA studies have revealed that match-
ing of minor histocompatability anitgens is 
equally important besides matching for the 
major histocompatability complex.' Acute 
GVHD in HLA identical sibling transplants 
develops due to the mismatching of minor 
histocompatability antigens. Minor histo-
compatible molecules which are recog-
nized by the T cells of the donor. The reac-
tivity of donor T cells against recipients mi-
nor histocompatability antigens can be 
evaluated by using limiting dilution stud-
ies(9). All these studies have helped in 
identifying an accurate HLA match and in 
predicting the possibility of acute GVHD. 
Hematopoietic Progenitor Cell Assays 

Definition of stem cells has been a sub-
ject of controversy and presently it is based 
upon the long term hematopoietic reconsti-
tution. Various methods have been devel-
oped to identify the hematopoietic progeni-
tor cells. 
Colony Cultures Assays 

Colony forming assays were developed 
initially to identify hematopoietic progeni-
tor cells. The number, growth rate and 
morphological features on the semisolid 
agar plates were the basis of the culture as-
says in the presence of growth factors. Ev-
ery colony, belonged to particular cell lin-
eage. However, these studies were not well 
standardized, difficult to interpret and 
were time consuming. It is now believed 
that long term culture-initiating cells 
should form the basis of progenitor stem 
cells(10). 
Phenotypic Characterization 

A monoclonal body against KG-Ia Cells 
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The disadvantages of PBSCT include: 
(a) central vascular access; (b) need of 
large volume transfusions; (c) need for a 
long period for adequate harvest; and (d) 
adverse effects of chemotherapy and 
cytokines. 

Cell Mobilization 

It is a process of transient shift of he-
matopoietic stem cells from the bone 
marrow to the peripheral blood which 
enables better PBSC collection. Normally 
the progenitor cells (CD 34+) constitute 
nearly 0.1% of the peripheral blood which 
is nearly 10% of the bone marrow 
concentration. Many drugs such as 
cyclophosphamide, daunorubicin, 
cytosine arabinoside and etoposide have 
no cytotoxic effect on the stem cells and 
result in increase in number of stem cells 
during recovery from the 
myelosuppresion. Cyclophosphamide (4-
7 g/M2) is administered intravenously 
and stem cell collection is done when 
total leucocyte count reaches 
1000/(µl(6). Three to six aphareses are 
essential for desired number of stem 
cells(22). 

Use of cytokines like granuiocyte mac-
rophage-colony stimulating factors (GM-
CSF) or granulocyte-colony stimulating 
factors (G-CSF), in the doses of 5-10 
µg/ kg/day increases the CFU-GM 
number by 50-100 folds between 5-7th 
day of therapy (23-25). It allows 
harvesting of sufficient number of CFU-
GM (1x105/kg) for most patients. 
Recently, the relative efficacy of various 
growth factors has been evaluated(26). It 
was observed that combination of 
interleukin-3 (IL-3) and GM-CSF has 
maximum effect on the cell mobilization. 
Mega-karyocyte progenitors cells were 
not mobilized by G-CSF. Combination of 
cytokines have resulted in the increase of 
trilineage committed progenitor cells. 
The procedure of collection and 
preservation of hematopoietic stem cells 
have been reviewed recently(27-29). 
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peripheral blood are present in smaller 
number(13). Umbilical cord blood CD 
34+ also express CD 33 antigen more 
often than bone marrow cells. Umbilical 
cord blood CD 34+ were richer in the 
subpopulation of immature CD 38 
subpopulation(19). The differences in 
various compartments of progenitor 
subpopulation is likely to have an impact 
on the hematopoietic reconstitution. 
However, the source of the progenitor 
have greater impact on the hematopoietic 
recovery. 

Bone Marrow Transplantation (BMT) 
versus Peripheral Blood Stem Cell 
Transplantation (PBSCT) 

BMT was initiated earlier but now 
PBSCT has become more popular because 
of the better understanding of various cell 
compartments and ease of collection of he-
matopoietic cells. Multiple advantages of 
PBSCT over BMT include: (a) easy and in-
expensive method of cell collection even 
as an outpatient procedure; (b) reduced 
period of cytopenia; (c) lower incidence of 
infectious complications(20,21) and (d) its 
use in patients with bone marrow 
involvement, following irradiation of 
pelvis and (e) presence of few tumor cells. 

Over the last two decades, several 
technical advances have taken place 
which have made the peripheral blood 
stem cell (PBSC) collection safe and 
efficient by automated blood cell 
separators. Cryopreservation and 
multiple collections can be made in the 
plastic bags. PBSC collection can either 
be increased manifold by use of growth 
factors or by pairing chemotherapy and 
cell collection during the rebound re-
covery period. Efforts are in progress to 
improve the PBSC collection. 
Theoretically there are many advantages of 
PBSCT; however, in clinical practice the 
results of PBSCT are not superior over 
BMT. 
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Tumor Cell Contamination of PBSC 

It was believed that PBSC collection will 
have lesser number of tumor cells as com-
pared with the autologous BMT. However, 
the studies by sensitive techniques of detec-
tion have revealed that contamination of 
PBSC with malignant cells is commoner 
than envisaged(30). On the contrary, stud-
ies by other workers have failed to demon-
strate the significant stimulation of tumor 
cells by growth factors(31,32). Recently, the 
gene on the stem cells has been marked to 
identify whether stem cells used in the au-
tologous BMT contain tumor cells which 
may be responsible for relapse(33). They 
have suggested that effective purging will 
be essential to improve the event free survi-
vors for diseases requiring autologous 
BMT. Multiple purging protocols using 
drugs such as VP-16 and 4-hydro-
peroxycyclopho-sphamide (4 HC)(34) or 
use of monoclonal antibodies specific to 
various malignancies have been successful 
for separating the malignant cells(35). 

Cord    Blood    Stem    Cell    Transplant 
(CBSCT) 

HLA matched suitable donor for 
allogenic BMT or PBSCT is usually avail-
able in nearly 30% of cases. In the absence 
of suitable donor, BMT centers in the de-
veloped countries make an effort to search 
a list of 2 million volunteer registry for 
National marrow donor programme. 
Inspite of these efforts, one is able to find a 
unrelated suitable donor in less th-an 40% 
of cases(36). Placental blood which is uni-
versally discarded is rich in hematopoietic 
progenitor cells. Attempts to capitalize this 
source have been fruitful, as evident by the 
success of over 200 CBSCT in the 
World(36). CBSCT have not only been suc-
cessful with complete HLA matched sib-
ling but even with partial match (difference 
of single antigen or allele). Success of 
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CBSCT from unrelated donors has' been 
documented (37). In addition, it was ob-
served that CBSCTs that differed from re-
cipients even by three HLA antigen or al-
lele were successfully engrafted and pro-
duced all three cell lines without any sig-
nificant graft versus host disease (GVHD). 
It is believed that cord blood stem cells 
from a fetus will be sufficient for a child 
weighing upto 30 kilograms. However, 
success has been reported in engrafting of 
cord blood stem cells from an unrelated do-
nor in a 26 year old woman weighing 55 kg 
with chronic myeloid leukemia(38). She 
only received a relatively low dose of 10 
million nucleated cells per kilogram of her 
body weight. It is possible that cord blood 
stem cells have greater capacity for prolif-
eration and self renewal than bone mar-
row(39). Further studies are needed to as-
sess the GVHD and use of CBSCT in 
adults. It is important to study whether the 
absence of GVHD will influence, in any 
way, the survival of patients with leuke-
mia. 

It is justified to establish cord blood 
banks to expedite CBSCT. These banks 
would need to maintain good control on 
the quantity of collection, processing and 
cryopreservation (40). Further, they will 
need to maintain the universal standards to 
enable the exchange of supply of cord 
blood units to other centers. With the de-
velopment of cord blood banking, proper 
testing of HLA and screening for various 
infections and genetic disorders will be-
come essential. It is anticipated that the 
number of CBSCT will outnumber the BMT 
or PBSCT in the near future. 

Clinical Application 

Hematopoietic stem cells transplanta-
tion using bone marrow or PBSC has been 
in practice for over a decade for multiple 
indications in children (Table I). Besides 
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these indications, the transplantation in 
adults have been undertaken for several 
diseases such as chronic lymphocytic leu-
kemia, multiple myeloma, breast cancer, 
ovarian cancer and germ cells tumors 
which have been reveiwed elsewhere along 
with the complications of BMT(3,41-44). 
Studies on hematopoietic stem cells trans-
plantation generally include both adults 
and children and therefore in the present 
review the overall outcome of the BMT has 
been considered. 

Acute Myeloid Leukemia 

With the current chemotherapy proto-
cols, cure is possible only in 20-25% of pa-
tients. Thus allogenic and even autologous 
BMT have been undertaken to improve the 
event free survival (EFS). Allogenic BMT 
have resulted an overall EFS in 50% of pa-
tients in first remissin and 20-30% of cases 
in patients with second or third remission. 

TABLE I- Indications for Hematopoietic Stem Cell 
Transplantation in Children. 

Malignant Nonmalignant 
Conditions Conditions 

Acute myeloid Aplastic anemia 
leukemia 
Acute lymphoblastic Pure red cell 
leukemia aplasia 
Chronic myeloid Thalassemias 
leukemia 
Myelodysplastic Sickle Cell anemia 
syndromes 
Hodgkin's disease Immunodeficiency 

states 
Nonhodgkin's Myelofibrosis 
lymphomas 
Wilm's tumor 
Neuroblastoma 
Ewing's sarcoma 
Embryonal 
rhabdomyosarcoma 
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In three randomized clinical studies, the 
results of BMT have been compared with 
chemotherapy(45-47). In one of them, the 
results were similar(45) while in other two 
patients undergoing allogenic BMT had 
significant better EFS(46,47). In a prospec-
tive study(48) the projected EFS at 4 years 
was 55% and 48% in patients with allogenic 
and autologous BMT while it was 30% for 
patients on intensive chemotherapy. How-
ever, the authors concluded that overall 
survivals after successful complete remis-
sion were similar in the above three 
groups. Another study has also reported 
that the results of allogenic BMT were bet-
ter when compared with the chemotherapy 
group(49). On comparing the results of 
PBSCT in 28 patients with the data of autol-
ogous Bone Marrow Transplant Registry of 
683 matched patients, it was observed that 
EFS were identical in these two groups of 
patients(50). 

There is a theoretical risk that the autol-
ogous BMT may be contaminated with re-
sidual leukemia cells. Purging of bone mar-
row by mafosfamide has improved the sur-
vivals in the European study(51). Recently 
EFS of 57% has been observed in patients 
who received purged BM (4 HC and/or 
etoposide) as compared with 32% in pa-
tients who received unpurged marrow. It is 
expected that with further improvement in 
purging techniques, the results of autolo-
gous BMT or PBSCT are likely to improve 
further. 

Acute Lymphoblastic Leukemia (ALL) 

Currently the EFS in children with ALL 
varies between 70 to 80% for the newly di-
agnosed cases. Presently patients at high 
risk are considered for BMT or PBSCT and 
both these procedures have resulted in fre-
quent relapses(52). Recently polymerase 
chain reaction (PCR) has been utilized to 
identify the minimal residual 
disease(53). 
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Presently allogenic BMT is recommended        
for: (a) children in second or third remis-
sion;   and   (c)   young   adults   with   high       
leucocyte count at presentation. In a recent        
study   form  International   Bone   Marrow        
Transplant Registry (IBMTR) of 38 patients       
with resistant ALL, BMT resulted in suc-
cessful remission in 89% of patients with       
EFS in 23%(54). Therefore allogenic BMT 
may successfully cure some patients who 
are resistant to chemotherapy(54,55). 

In a French multicentric study, of 572 
evaluable  adult patients  with ALL, 436 
(76%) subjects achieved complete remis-       
sion(56). Of 116 patients who underwent 
allogenic BMT, 43% of them had 3 years of       
EFS while EFS in 96 patients, each, with 
chemotherapy and autologous BMT was 
32% and 39%, respectively. Thus all these 
studies have shown that allogenic BMT of- 
fers better EFS in patients with high risk        
ALL. ! 

Chronic Myeloid Leukemia 

Presently for patients (<45 years of age), 
allogenic BMT, if undertaken within one 
year of diagnosis offers cure in 50-70% of 
patients. However, results of allogenic 
BMT in patients with accelerated phase 
and in blast crisis vary between 15-25% and 
15% of cases, respectively(57,58). The out-
come of autologous BMT in 200 patients 
over 8 centers has been reviewed. All twenty 
eight cases with blast crisis died within 3 
years of transplant while the median sur-
vival in 30 patients with accelerated phase 
was 39.9 months. In the 142 patients trans-  
planted in chronic phase, the median sur-
vival had not been reached within seven 
years of follow up(59). PBSC harvested at 
diagnosis has been used to transplant 14 
Philadelphia positive patients during 
chronic phase. Thirteen patients engrafted 
and survived for more than one year, three 
for several years not requiring further ther- 
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apy and two became Philadelphia nega-
tive(60). Progress on cell identification and 
separation techniques will permit for vitro 
selection, better purging and expansion of 
normal hematopoietic stem cells for BMT/
PBSCT(61,62). With these studies it is ex-
pected that one will be able to use purified 
PBSC for the treatment of CML. 

Hodgkin's Disease 

Bone marrow is frequently involved in 
refractory Hodgkin's disease. In a study, 72 
patients were treated with high dose che-
motherapy   and   unmobilized   PBSC   for 
transplantation(63). Complete and partial 
remission was observed in 50% and 35% 
respectively of the 68 evaluable patients. In 
33% of survivals there was no progression 
of the disease at 46 months. Similarly high 
dose chemotherapy followed by autolo-
gous BMT has resulted in complete 
remission in 50% of patients with EFS of 20-
30% at 2-3 years(63). Autologous BMT if 
undertaken when the disease is minimal 
(i.e., soon after  relapse)  has  resulted  in 
improved survivals as against those in whom 
multiple chemotherapeutic regimens have 
failed(65). 

Non-Hodgkin's Lymphoma (NHL) 
      Results   of  autologous   and   allogenic
BMT in patients with NHL resistant to che-
motherapy are identical(66,67). However, 
the results are better in those patients who 
are chemosensitive with minimal disease 
and   with   good  performance   status(67). 
Paired hematopoietic stem cells have been 
cultured from the bone marrow and PBSC 
and tumor cells were observed in 36% and 
5% of cases, respectively. Patients treated 
with PBSCT fared better than those who 
underwent BMT(3). In a study of 158 pa-
tients   with  intermediate   or  high  grade 
NHL, results indicate an EFS at 3 years in 
70% of patients (n=53) undergoing PBSCT 
as compared with 32% of cases (n=105)
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who underwent BMT(68). Complete remis-
sion in 51% of patients with actuaril surviv-
al of 57 months in 41 (39%) of patients with 
bone marrow involvement has also been 
documented(69). Thus it is expected that 
PBSCT will outnumber BMT in most cen-
ters for NHL as the results with PBSCT are 
better because of lesser contamination by 
tumor cells. 

Solid Tumors 

BMT is being undertaken more fre-
quently for solid tumors with bone marrow 
infiltration. The results of 25 children who 
underwent high dose chemotherapy 
alongwith autologous BMT have been re-
cently reported(70). Seventeen (68%) chil-
dren achieved complete EFS between 14-90 
(media 34) months. Non-randomized stud-
ies of high dose chemotherapy with autolo-
gous BMT have revealed EFS in 20-40% of 
children with Stage IV neuroblasto-
me(71,72). There is a need of controlled 
studies to evaluate the results from 
multicentric centers on myeloablative ther-
apy supported by autologous BMT or 
PBSCT versus conventional chemotherapy 
in children with various solid tumors. 

Aplastic Anemia 

The International Bone Marrow Trans-
plant Registry (IBMTR) has reported re-
sults of 595 patients with aplastic anemia 
following allogenic BMT from HLA identi-
cal siblings. Five year survival was ob-
served in 69% of patients receiving 
cyclosporin-A and 56% of those patients re-
ceiving methotrexate for GVHD. Presence 
of infections and multiple transfusions be-
fore BMT, use of multiparous or multi-
transfused women donors, and older pa-
tients were associated with a poor progno-
sis(73). Experience with family donor 
transplants (other than HLA sibling donor) 
is limited. IBMTR, in a study of 60 patients, 
reported that the probability of EFS for 2 
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years was 27% for related family donor 
transplants as compared to 67% for HLA 
identical sibling donor transplants. Risk of 
BMT failure increased significantly with 
HLA disparity(74). These studies have re-
vealed that BMT is the treatment of choice 
for young patients (<40 years of age) with 
severe aplastic anemia and should prefera-
bly be undertaken soon after the diagnosis. 
Patients who are old or who do not have 
HLA matched sibling donor should be 
treated with alternative methods of treat-
ment. 

Thalassemia 

BMT is being done at multiple centers 
for Thalassemia. However, the maximum 
number of children have undergone BMT 
in Italy. Three distinct prognostic factors 
have been identified (hepatomegaly of 
more than 2 cm, portal fibrosis and poor 
chelation therapy). Class I children v/ere 
those who did not have any of the above 
factor, Class II children had one or two of 
the above factors while Class III children 
had all three risk factors. In 484 children, 
the authors observed EFS in 94%, 84% and 
67% of children for Classes, I, II and III, re-
spectively(75). Results from other studies 
are not as good. However, the results be-
tween various centers cannot be compared 
as selection criteria and classification of 
various subgroups are not identical. BMT 
at present offers complete cure for those 
children who have HLA matched donor, 
are young and well chelated. 
Sickle Cell Anemia 

Sickle cell anemia is another life threat-
ening inherited disorder associated with 
sickle cell crisis. Allogenic BMT offers com-
plete cure. Thirty six of 42 symptomatic 
children without chronic organ damage 
had successful allogenic BMT. All these 
children became asymptomatic and had 
normalization of the hemoglobin electro- 
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in the developed countries varies between 
20-60 lakhs. In our country, patients have 
to spend between 4-6 lakhs, besides the ex-
penses borne by the hospital or institutions. 
Such a high cost is beyond the reach of the 
majority. Therefore, it is essential that the 
Government and voluntary organizations 
should come forward to help these pa-
tients. The Government should also pro-
vide financial assistance to institutions to 
develop BMT or PBSCT facilities which 
will benefit a large number of patients. 
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