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Hematopoietic stem cells are of therapeutic interest to the clinicians and researchers due to their promising assistance 
in management of malignant and inherited hematological conditions. Evaluation of cell surface markers using multi-
parametric flow cytometry is a well adapted qualitative measure of cells in question for many years. An artillery of 
these markers has been studied in hematological malignancies and related disorders. However, their role and differential 
expression on normal hematopoietic stem cells from clinically available sources is not always described carefully. In 
the present study, we attempted to evaluate expression of CD44, CD90, CD96 and CD123 in three clinically available 
sources of normal HSCs (Hematopoietic stem cells). Sources of HSCs in the present study involved umbilical cord 
blood (UCB), normal bone marrow (NBM) and bone marrow from idiopathic thrombocytopenic purpura (ITP) patients 
(IBM). CD44 is an important homing receptor while CD90 is involved in maintaining stem cell quiescent. CD96 is 
known to be leukemia specific marker and CD123 is involved in stem cell differentiation and survival. We observed 
a significant difference in expression CD44, CD90 and CD123 on normal HSCs derived from umbilical cord and ITP 
marrow. CD96 was highly expressed on HSCs obtained from ITP marrow. Investigating expression of these markers 
on normal HSCs in different niches will be helpful in correlating their function with niche condition and delineating 
their ‘abnormal’ expression from the normal.
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Introduction 

　Hematopoietic stem cells are cells which while bearing 
the potentiality of self renewal can also differentiate into 
specialized blood cells under specific biological require-
ments or stimulus provided by their niche. In recent years, 
HSCs have gained huge attention due to their obvious role 
in immune reconstitution and therapeutics. It is not just 
the ‘stemness’ of HSCs which is of concern in regenerative 
medicine but also their interaction with immediate micro-

environment or niche that is ultimately responsible for de-
termining their fate. A ‘niche’ is a complex dynamic or-
ganization of heterogeneous cell types and extracellular 
matrix components affecting the stem cells in paracrine 
manner. The importance of niche in enabling the stem 
cells to renew and differentiate into specific cell types has 
been beautifully described by Scadden (1). Site of hema-
topoiesis changes in humans over the period of gestation 
from embryonic yolk sac to placenta, to embryonic ar-
ota-gonad-mesonephros region (AGM), fetal liver, and fi-
nally it appears at bone marrow endosteal region post 
birth (2). In clinical practice; source of HSCs remain 
largely confined to mobilized peripheral blood, bone mar-
row and umbilical cord. We tried to study expression of 
CD44, CD90, CD96 and CD123 on HSCs form cord 
blood, normal and ITP bone marrow using multiparametric 
flow cytometry to understand nuanced commitment of 
these stem cells towards different niche conditions.
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　CD44; also known as P-gp1, H-CAM is an 85 kDa trans-
membrane; single chain glycoprotein; expressed on leuko-
cytes, erythrocytes, epithelial cells and weakly on platelets 
belongs to an ubiquitously expressed protein family which 
is involved in cell-cell and cell-matrix adhesion. Primarily, 
CD 44 is involved in adhesion of cells to their extra cel-
lular matrix through hyaluron. It is also a receptor for os-
teopontin which is a major cytokine in bone marrow ni-
che, where upon binding; it mediates cell survival in re-
sponse to IL-3 and GM-CSF through PI3-Akt signaling 
(3). In recent years, CD 44 is correlated with various tu-
mors and their metastasis (4-7); however its expression on 
normal HSCs in clinically available sources might give 
useful information.
　Thymocyte differentiation antigen (Thy-1) or CD90 is 
a small 25∼35 kDa GPI anchored glycoprotein, expressed 
on the surface of various stem cells and non lymphoid 
tissues. It is an important regulator of cell-cell and 
cell-matrix interaction and is involved in inflammation, 
wound healing and other non immunological functions 
such as tumor suppression, cell adhesion, migration and 
apoptosis signaling (8). CD90 is shown to be highly ex-
pressed on cord blood primitive cells, especially which are 
with high proliferation capacity; It is suggested that CD90 
is involved in HSC development by mediating a negative 
signal which inhibits the proliferation of primitive cells 
(9). It is observed that leukemic stem cells with high pro-
liferation capacity in vivo and in vitro lack the expression 
of CD90 (10).
　CD96; also called TACTILE (T cell activated increased 
late response) is a type I membrane protein which belongs 
to immunoglobulin superfamily. CD96 was identified as 
a T cell receptor which is also expressed on NK cells a 
decade ago (11) and is known as a leukemic stem cell spe-
cific marker in AML but its normal function is yet not 
established (12).
　CD 123or IL3Rα interacts with the common beta chain 
(CD131) of the IL-3, IL-5 and GM-CSF receptors to form 
a high affinity IL-3 receptor. Dependent on the cell type, 
binding of IL-3 to the high affinity IL-3 receptor hetero-
dimer stimulates cell proliferation, differentiation or cell 
survival (13). CD123 is expressed at high levels only on 
plasmacytoid dendritic cells and basophils, but at lower 
levels also on monocytes, eosinophils, myeloid dendritic 
cells in peripheral blood. It is also expressed on subsets 
of hematopoietic progenitor cells (multipotent and mye-
loid precursors, but not lymphoid precursors) and is de-
scribed as unique stem cell marker in acute myeloid leu-
kemia (14).
　Studying expression of these markers in normal stem 

cells from different sources might be useful in under-
standing stem cell biology in different niche conditions. 
Normal expression of these markers on HSCs obtained 
from clinically available sources will be helpful in differ-
entiating normal from abnormal stem cell. In conditions 
such as leukemia where difference at m-RNA level has 
been described previously (15); an overall protein ex-
pression level might be a useful diagnostic tool. We eval-
uated expression of these markers on carefully gated 
CD45 dim to negative/ CD38-/ Lin-/ CD34+ stem cells, 
derived from cord blood, normal bone marrow and ITP 
marrow.

Material and Methods

Samples
　Umbilical cord post full term delivery (36∼38 weeks) 
was used for obtaining cord blood samples (UCB; N=4) 
from Wadia Hospital. Normal bone marrow samples 
(NBM; N=6) were collected from discarded ribs during 
cardiac surgeries and marrow samples from ITP or idio-
pathic thrombocytopenic purpura patients (IBM; N=6) 
were collected at the time of routine diagnosis at KEM 
hospital, Mumbai. Consent was taken as per the guide-
lines of Institutional ethical committee. Samples were col-
lected in heparin vacutainer in a volume of 2∼4 ml and 
processed within 6 hours of collection.

Reagents
　Fluorochrome labeled monoclonal antibodies were used 
for all the experiments after proper titration and instru-
ment settings. The list of antibodies used in here is: CD38 
(FITC), CD34 (PE-Cy7), CD45 (APC-Cy7) CD44 (PE), 
CD90 (PE), and CD123 (PE-Cy5) from BD biosciences; 
human hematopoietic lineage cocktail (FITC) and CD96 
(PE) were purchased from E-Biosciences. 0.1% ammo-
nium chloride (Sigma) solution was used for RBC lysing 
and FACS flow sheath fluid, plain or with 1% BSA was 
used as washing buffer.

Data acquisition and analysis
　FACS Aria version II equipped with 3 lasers and 8 fil-
ters was used in combination with FACS Diva software 
for data acquisition. Analysis of the data was done with 
the help of FACS Diva, Flowjo, MS-Excel 2007, Garphpad 
InStat and Dplot softwares. Optimal cytometer settings 
and compensation for spectral overlaps were ensured be-
fore each experiment. Data storage was done in a three 
step process to prevent excessive memory consumption. 
Data was analyzed statistically using nonparametric meth-
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Fig. 2. Comparison of marker ex-
pression on HSCs from different 
sources. Ratio of signal to noise was
calculated for median fluorescence 
intensity for each marker and then 
was compared in different category 
of HSC source (UCB: umbilical cord
blood; NBM: normal bone marrow; 
IBM: ITP bone marrow). *A signifi-
cant difference between two groups 
(p value is less than 0.05 by Mann
Whitney U test).

Fig. 1. Gating strategy & setting cut off. Events were initially gated on CD45 dim to negative and cut offs were set on the basis of FMO
(fluorescence minus one) tubes. Events were further gated on Lin−/CD38−/CD34＋; minimum 400 events were stored in this gate and further
analyzed for expression of CD44, CD90, CD96 and CD123.

ods; kruskal-wallis and mann whitney tests were run in 
order to identify difference between all the groups and in-
dividual groups respectively. A p-value of 0.05 or less was 
considered to be significant for defining statistical difference.

Gating strategy and cut off setting
　Single cells were gated on CD45 dim to negative after 
doublet discrimination; these events were further gated on 
CD34 positive, out of which minimum 300 events of 
Lineage negative, CD38neagtive cells were evaluated for 
the expression of these markers. Negative cut off for 
Lineage/ CD38, CD34 and markers were derived from 
FMO tubes wherein fluorescence contribution from all 
other antibodies except the one in question is observed. 

Gating strategy using dot plots in FACS DiVA software 
is shown in Fig. 1.

Data normalization
　In order to omit normal day to day variations in instru-
ment settings data was analyzed in the form of signal to 
noise ratio of median fluorescence intensity. Noise MFI 
was defined on the basis of unstained or FMO tube for 
a particular channel wherein MFI in the absence of the 
marker is noted, signal intensity was noted when optimum 
volume of a particular antibody is added together with all 
other gating markers. Signal to noise ratio was calculated 
as a measure of antigen expression on cell surface and 
then compared between three clinically available sources 
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of normal HSCs.

Result and Discussion

　Comparison of marker expression on Lin−/CD38−/CD34+ 
HCSs from three different sources is shown in Fig. 2. We 
observed that CD44 expression was slightly higher on cord 
blood HSCs (median S/N: 39) compared to HSC from nor-
mal bone marrow (median S/N: 24) but there was no stat-
istically significant difference in expression of CD44 mol-
ecule on HSCs derived from any of the three sources. CD 
44 is a receptor for osteopontin which is a cytokine pri-
marily released by osteoblasts in bone marrow niche and 
is known to be upregulated in vivo after increment in os-
teopontin concentration (16). However, osteopontin is ob-
viously absent in umbilical cord since there are no osteo-
blasts and the cytokine functions in a paracrine mode on 
the HSCs. In this scenario; one might depict a difference 
in CD44 expression on HSCs derived from different sour-
ces due to the difference in niche anatomy but overall pro-
tein expression on the HSC cell surface remains statisti-
cally similar. CD90 and CD123 were found to be highly 
expressed on HSCs derived from ITP bone marrow when 
compared to the counterparts coming from cord blood. 
Both of these molecules were moderately expressed on 
HSCs from normal bone marrow samples which showed 
slightly higher expression than the UCB counterparts but 
no statistically significant difference was observed. One 
reason behind higher expression of CD90 and CD123 on 
ITP marrow HSCs can be correlated with the requirement 
of compensatory production of megakaryocytes which de-
pends upon the proliferative and differentiating capacity 
of stem cells. Increase in CD90 expression can be corre-
lated with differentiation of HSCs since it has been ob-
served that lack of CD90 expression was associated with 
maintenance of long term proliferative capacity or quies-
cence of the LSCs (10). IL-3 is an important cytokine in 
hematopoiesis and is required for production of mega-
karyocytes, erythroid and B lymphoid cells (17). CD123 
is a low affinity receptor for IL-3; binding to which is ob-
served to be a crucially important event in receptor activa-
tion and downstream signaling (18). 
　In the present study all other molecules except CD96 
expressed similarly on HSCs from normal and ITP 
marrow. CD96 was found to be highly expressed on HSCs 
from ITP marrow when compared to normal marrow 
HSCs. Function of CD96 is yet not well understood in 
normal, however; mice experiments suggest an important 
role in leukemic stem cell engraftment or adhesion to the 
matrix (12). Further studies involving CD96 and ITP 

physiology might provide insight of normal CD96 
functions. Niche biology plays an important role in an 
overall fate of stem cell; bone marrow and cord blood are 
two different microenvironments based on their anatomy, 
availability of oxygen, cytokines and cell signaling (19). In 
recent years there are increased efforts in studying UCB 
progenitors in bone marrow environment due to their ob-
vious ease of availability for therapeutic purpose (20). 
Studying cell surface markers and their signaling role in 
these two niches might provide clues for improving area 
of regenerative medicine.
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