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Abstract
In human body there are cells that can proliferate and differentiate 
into various kinds of adult cells known as “Stem cells”. These 
cells express a membranous protein known as “Prominin-1” 
or “CD133”. CD133 exhibits 7 isoforms, distributed in different 
tissues of the body. The isolation and understanding of 
these cells helped develop an innovative and new kind of 
therapeutic approach called “Stem Cell Therapy”. Mutations 
in Prominin-1 gene are known to cause genetic disorders like 
Stargardt disease and retinal macular dystrophy. On the other 
hand, in clinical trials, CD-133+ cells are being used to treat 
certain diseases. These clinical trials are targeted for variety 
of diseases such as Duchenne muscle dystrophy, severe 
combined immunodeficiency syndrome, degenerative diseases 
like Asherman’s syndrome, cerebral palsy, liver cirrhosis and 
cardiovascular diseases like ischemia and myocardial infarction. 
CD133+ cells, owing to their stem cell properties, not only help in 
regenerating the damaged tissues, but also enhance the healing 
process via decreased inflammatory reactions and slowing 
down of apoptotic processes. CD133+ has a significant role in 
cancer studies. In cancer cells, a subpopulation that express 
CD133 is termed as cancer stem cells (CSCs). These CSCs 
are rare, proliferative and resistant to chemotherapy and 
can survive drug treatments, resulting often in relapse of the 
disease. Many studies have reported the presence of CD133+ 
cells with the decreased survival rate in cancer patients. 
Hence, CD133+ cells play an important role in prognosis and 
outcome of cancer treatment.
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Introduction to Stem Cells
A single human body contains trillions of cells consisting of 

multiple types based on physiology and function. There are types 
of cells that are related to achieving specific physiological roles for 
example neurons are signal sending cells, bone cells are specialized 
in maintaining integrity of the skeletal structure, while muscle cells 
are specialized in coordinating body movements. In addition to these 
specialized cells there exist other types of cells that apparently do not 
exhibit any specific function.  These cells can be induced to acquire 
specific functions through differentiation. Such cells are known as 
Stem cells, and can be defined as cells that have the capability of self-
division as well as differentiation into specialized cells.

The term “stem cell” finds its first mention in scientific-literature 
by a German biologist Ernst Haeckel. He used the term ‘‘Stammzelle’’ 
to describe the unicellular organism presumed to be the ancestor 
of the multicellular organism. Haeckel also used the same word to 
describe fertilized egg that gives rise to a more complex multicellular 
organism [1]. Later, in the late 19th century Weismann proposed a 
theory of continuity of the germ-plasm. The theory suggests a separate 
kind of cell that remains segregated in embryonic development known 
as germ cells. Boveri, in 1892, proposed that the germ cells are the 
ones which can lead to primordial germ cells and from which other 
primordial somatic cells originate, giving a definition to the stem cells 
which is quite near to their modern definition [2].

The modern concepts in stem cells come from the advancement 
of research in the hematopoietic system. Specially, the boost to the 
stem cell research was provided by the development of staining for 
various kinds of blood cells by Ehlrich. Although, Peppenheim in 1896, 
suggested the common precursor of red blood cells and white blood cells, 
yet Maximow is credited for coining the term of stem cells in 1909 [3,4]. 
The definitive evidence was finally provided by Till and McCullough in 
1963 when they published about the cells in hematopoietic tissue giving 
rise to colonies that contain cells of different lineages i.e. erythrocytes, 
granulocytes and megakaryocytes [2,5-7].

Stem cell types and characteristics

Stem cells can be divided either on the basis of origin or on their 
characteristic ability to produce other type of cells. On the basis of origin, 
Stem cells are divided into two types: embryonic stem cells, isolated from 
embryo, and adult stem cells obtained from the adult tissues [8].

On the basis of ability to generate different lineages of cells, 
stem cells can be: Totipotent, producing every type of cells including 
germ cells, Pluripotent: that can produce all type of cells except 
embryonic germ cells, Multipotent: the stem cells that have the ability 
to differentiate into different types of mature cells, Self-regenerating 
stem cells: that can divide and produce large quantity of stem-cells and 
Plastic stem cells, that can differentiate into type other than they were 
originally isolated from [7,9,10].

Stem cell therapy

As indicated by the name, Stem cell therapy is the usage of stem 
cells in order to treat diseases. Using the stem cells, because of their 
ability to regenerate and differentiate, in order to treat physiological 
disorders seemingly appears to have promising perspectives [11]. 
Stem cell therapy is applied in a number of disorders. Various clinical 
trials are being carried out to establish the safety and efficacy of stem 
cell therapy as presented in Table 1.

Stem cell therapy is of great interest because of its applications in 
tissue engineering, regenerative medicine and gene therapy because of 
their therapeutic potential. The main objectives in the field of stem cell 
research for the coming years are to identify the therapeutic targets, 
cell differentiation and physiological mechanisms, safety and efficacy 
for use of stem cells as therapy [12,13].

The most important practical application is found in the 
treatment of patients with leukemia or lymphoma using bone marrow 
derived stem cells [14]. Chemotherapy can kill rapidly-dividing cells 
without discriminating neoplastic cells from the healthy ones. This is 
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a major problem inherent in the use of chemotherapy. The side effect of 
conventional chemotherapy can be reversed through stem-cell transplant 
by administering healthy bone marrow functional stem cells to replace 
the damaged stem cells in the host body [15]. One of the major side-
effect associated with such transplant is that these stem cells (especially 
if cells are of heterogeneous origin) have the ability to provoke immune 
response that can result in graft-vs-host disease [16].

A total of eight hematopoietic stem-cell products derived from 
umbilical cord blood has been already approved by FDA for blood 
and immunological disease treatment [13,17,18]. The European 
Medicines Agency in 2014, approved the use of limbal stem cell for 
people suffering from severe limbal stem cell deficiency vital for 
epithelial regulation in cornea [19,20].

CD133 or Prominin-1

Hematopoietic stem cells express a pentaspan glycoprotein 

present on membrane known as CD133 or Prominin-1. The role of 
Prominin-1 is well established in organizing membrane structural 
integrity [21]. In human, a gene on chromosome 4 encodes 
Prominin-1. CD133 is a transmembrane glycoprotein. It has 
five transmembrane domains, two extracellular loops and two 
cytoplasmic loops an N-terminal chain which is extracellular 
and a C-terminal cytoplasmic tail, comprising total of 865 amino 
acids and have a molecular weight of 120 kDa. The N-terminal 
chain consists of 105 amino acids, two extracellular loops (one 
larger than other) contain around 258 and 279 amino acids, 
while two intracellular domains that are smaller in size compared 
to extracellular loops, have only 29 and 21 amino acids and a 
cytoplasmic tail is of 59 amino acids. These loops are connected 
by transmembrane domains containing 23 amino acids each  
(Figure 1). There are seven different isoforms of CD133 has been 
reported that are distributed in different parts of the body [22-24].

Condition Product used Purpose Stage of Clinical 
Trial Phase NCT ID

C
an

ce
r

Acute Myeloid Leukemia CD133 antigen CAR-T cells Treatment Recruiting Phase 1 NCT03473457

Colorectal Cancer
(Exploratory studies) Prognosis Recruiting N/A NCT03002727

CD133+ infusion Treatment Recruiting Phase 2 NCT03803241

Malignant Glioma CD133 antigen CAR-T cells Treatment Recruiting Phase 1 NCT03423992

Neuroblastoma
CD133+ cells Treatment Completed Phase 1 NCT02130869

CD133+ hematopoietic stem cell Treatment Completed N/A NCT00152126

C
N

S

Cerebral Palsy
CD133+ cells Treatment Completed Phase 1 NCT01404663

CD133+ cells (intramyocardial 
injection) Treatment Completed Phase 2 NCT01763255

C
VD

Anemia CordIn(TM) Treatment Recruiting Phase 2 NCT03173937

Chronic Ischemia ABM CD133+ cells Treatment Recruiting Phase 1 NCT01120925

Chronic Myocardial Ischemia ABM CD133+ cells Safety and 
Preliminary efficacy Recruiting Phase 1 NCT02059681

Coronary Artery Bypass Surgery

ABM CD133+ cells Safety and efficacy Completed Phase 2 NCT01467232

ABM CD133+ cells Safety and efficacy Completed Phase 2 NCT01033617

CD133+ cells Treatment Completed Phase 3 NCT00462774

CD 133+ cells Implantation 
(Transepicardial with Transseptal) Treatment Completed Phase 4 NCT02870933

CD133+ cells Treatment Completed Phase 2 NCT00694642

Lower Extremity Ischmeia CD133+ cells Treatment Completed Phase 2 NCT00753025

Myocardial Infarction CD133+ cells Treatment Completed Phase 2 NCT00400959

Stable Angina CD133+ cells Treatment Completed Phase 2 NCT01660581

M
is

ce
lla

ne
ou

s

Liver Cirrhosis

CD133+ cells Treatment Completed Phase 2 NCT00713934

CD133+ cells Treatment Recruiting Phase 3 NCT03109236

CD133+ hematopoietic stem cell Treatment Completed Phase 2 NCT01120925

Asherman Syndrome
Bone Marrow CD133+ cells Treatment Completed Phase 4 NCT02144987

CD133+ cells isolation Safety and 
Tolerance

Active, Not 
recruiting N/A NCT03665649

Azoospermia ABM CD133+ cells Treatment Recruiting Phase 2 NCT02641769

Osteonecrosis CD133+ cells Treatment Completed Phase 1 NCT01198080

Retinitis Pigmentosa ABM CD133+ cells Treatment Active, Not 
recruiting Phase 2 NCT02709876

Sepsis (Exploratory studies) Primary study Recruiting N/A NCT02589535

Severe Combined 
Immunodeficiency CD133+ hematopoietic stem cell Treatment Completed Phase 1 NCT00152100

Spinal Cord Injury CD133+ cells Treatment Recruiting Phase 2 NCT02687672

ABM CD133+ cells=Autologous Bone Marrow CD133+ cells

Table 1: Clinical trials administering CD133+ cells.
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CD133 distribution in human body

CD133 was initially identified in 1997 by two independent studies 
while examining murine neuroepithelial (NE) cells and human 
hematopoietic stem cells. Weigmann showed that prominin-1 is localized 
in microvilli on various epithelial cells, like brain ependymal layer and the 
brush border membrane of kidney tubules in the adult mouse [25-27]. In 
2000, it was presented that prominin-1 is located in the cholesterol-based 
lipid micro domains present in apical plasma membrane.

Prominin-1 is expressed in epithelial cells in numerous tissues 
including the mammary gland, testis, digestive tract, trachea and placenta 
[28]. Although identified in epithelial cells, Prominin-1 is not limited to 
neuroepithelial progenitor cells but can also be found in non-epithelial 
cells [29], for example, rod photoreceptor cells, as well as in many types 
of cancers including gastric, breast, melanoma, lung ovarian, pancreatic, 
colon, prostate, glioma and hepatocellular cancers [27].

Various roles have been proposed for prominin-1 that includes 
stem cell and cancer stem cell biomarker, plasma-membrane 
organization, maintenance of epithelial cells, biogenesis of the 
photoreceptive disc and mechanism of multi-drug resistance, and the 
capacity for self-renewal and tumor formation [23,30].

The presence of prominin-1 also varies during the growth stages. 
The protein is expressed in different parts of the body starting 
from the embryonic stage to maturity. For example, prominin-1 is 
expressed in trophoblasts and in epithelia of all three germinal layers 
at the embryonic stage. However, in adults prominin-1 is expressed in 
the kidneys, the epididymis, the ductus deferens, the seminal vesicle 
and the prostate [31].

Although CD133 is employed as cell surface marker for 
cancer stem cells, the expression of prominin-1 is not limited 
to cancer stem cells, only. For example CD133 is also expressed 

Figure 1: Structure of Prominin-1 (CD133). Prominin-1 encoded by p15.32 region of chromosome 4. Prominin-1 contains N-terminal chain, 2 extracellular 
loops (E), and 2 intracellular loops (C) with COOH terminal chain connected via transmembrane domains. (Chromosome 4 figure reproduced from U.S. 
National Library of Medicine; NLM).

Figure 2: Spheroids formation (black arrows) by bone marrow CD133+ cells in conditional medium after two weeks (A) and with established bone marrow 
mesenchymal cells after 72 h (B). Reproduced from Irgasheva et al. [37]. Scanning electron microscopy (SEM; 5000X) image of single CD133+ cell with 
pseudopod initiating on cell visible as groove on membrane (C). SEM Photo Credit: Iman ALDYBIAT (CAP-Paris Tech).
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in  hematopoietic stem cells [32], endothelial progenitor cells 
[33], glioblastoma, neuronal and glial stem cells [34]. Prominin-1 has 
been identified in various pediatric brain tumors [35], adult kidney, 
mammary glands, trachea, salivary glands, uterus, placenta, digestive 
tract, testes, and other cell types [27,36].

One of the most common sources to isolate CD133+ cells is the 
bone marrow mononuclear cells. CD133+ cells can be isolated using 
magnetic beads with purification levels up to 87+.6% [37]. These cells 
when cultured in-vitro forms a sphere as shown in Figure 2.

Functions of CD133

Prominin-1 plays an important role in cell differentiation, 
proliferation and apoptosis [38]. It binds to cholesterol in cell 
membrane and serves a role in the organization of the epithelial cells 
in apical plasma membrane. It acts as an important regulator in disk 
morphogenesis through early retinal development at embryonic stage 
[27].

Prominin-1 has been shown to play role in epididymal stereocilia, 
hence role in biogenesis of spermatozoa, in a study by Fargeaset et al. 
who also confirmed the presence of Prominin-1 in testis [39].

Another important function of Prominin-1 is its involvement in 
regulation of signaling pathways like MAPK and Akt [40]. CD133 
also plays an important role in angiogenesis and neovascularization 
by regulating the expression of vascular endothelial growth factor 
(VEGF) through WNT signaling pathway [27,41]. This increased 
angiogenesis can help in the faster wound healing.

Genetic diseases caused by mutations in Prom-1 gene

Stargardt (STGD) disease: As mentioned earlier, CD133 is 
also found in non-epithelial cells, such as rod photoreceptor cells 
and bone marrow cells. This shows that CD133 plays an important 
role in the formation of photoreceptor discs. Photoreceptors are 
the cells present in retina and are involved in vision. Although, the 
exact mechanism of CD133 in photoreceptor disc morphogenesis is 
not known, but it seems to play role owing to its high lipid binding 
particularly cholesterol [42]. One of the most common cause of 
blindness is the dystrophy of these photoreceptor cells known as 
Stargardt disease (STGD ; macular degeneration), which is caused by 
the mutation in CD133 gene [43]. In STGD, mutation in Prominin-1 
blocks its migration in photoreceptor cells from myoid region to 
outer segment. The absence of Prominin-1 results in dystrophy of 
photoreceptor cells [44], hence causes STGD.

Retinal macular dystrophy 2 (MCDR2): Retinal macular 
dystrophy (MCDR2) is a genetic disorder which is characterized 
by slow progressive Bull’s eye maculopathy (BEM) that results in 
declined vision [43, 44].  Michaelides et al. screened the patients from 
different origin for the presence of PROM1 mutation. It was found 
that R373C mutation was present heterozygously in all the affected 
patients. PROM1 gene mutation has also been shown to cause a 
severe form of autosomal recessive retinitis pigmentosa (RP) in two 
families of Indian and Pakistan decent [44].

Clinical application of CD133+ cells

Stem cell therapy, with its discovery brought the similar changes 
in the medical field as the internet has brought to human society. 
Stem cells have the potential to revolutionize the field of regenerative 
medicine. However, due to certain regulatory issues and hurdles 
the development remains slow. Most of the stem cell therapies are 

currently in trial phases.  As, stem cells once administered become 
a part of the body, hence, extensive safety measures have to be 
undertaken prior to practical implementation in clinical settings. 
CD133+ cells have been extensively used to treat a number of diseases; 
from genetic disorders to heart diseases and cancer. Owing to their 
angiogenic properties, CD133+ cells have been applied for muscle 
injuries in clinical trials [45]. There have been several other clinical 
trials that administered bone marrow derived CD133+ stem cell 
therapy in patients for liver regeneration and to repair the tissues 
following hepatic fibrosis, myocardial infarction, chronic occlusion 
and ischemia (Table 1). CD133+ has also been shown to serve as an 
independent prognostic marker in several types of cancers. Table 1 
shows 30 clinical trials that have been completed or are being carried 
out in order to evaluate the safety or efficacy of CD133+ stem cell 
therapy.

Genetic disorders

Stem-cells, owing to their ability to differentiate into various 
types of cells especially hematopoietic cells, find extensive application 
in immune deficiency disorders. Stem cell therapy helps repair immune 
system and overcome immune deficiencies. One of the examples is 
Severe Combined Immunodeficiency syndrome (SCID). It is a rare 
yet fatal condition characterized by the absence of T-cells and B-cells. 
Children born with SCID have very low immunity against disease and 
possess life threatening situations. At least, 13 different defects in genes 
are reported to cause SCID. Stem-cell therapy has provided promising 
results in children suffering from SCID. Laurie et al. reported the 
normalized T-cell function following stem cell therapy at neonatal stage 
in a study that involved 21 infants out of which 20 survived [46].

Recently, a phase-I clinical trial regarding the safety and efficacy of 
CD-133 in SCID children has been completed at St. Jude’s Children’s 
Research Hospital (NCTID: NCT00152100; the results have not been 
published yet). CD133 stem cells are available as cryopreserved stem 
cell-based product known as CordIn™. CordIn™ is being implied in 
a clinical trial to treat patients with hemoglobinopathies like Sickle 
cell disease and thalassemia. The trial is open and is in Phase-II study 
period. This is a multicenter clinical trial with studies conducted upon 
patients in USA and France (NCTID: NCT02504619).

Duchenne muscular dystrophy

Duchenne muscular dystrophy (DMD) is a disastrous muscle 
disorder linked to X gene caused by a defect in the gene that 
codes dystrophin. The absence of functional dystrophin in the 
muscles results in fragility of the muscle fiber membrane, as well as 
progressive muscle weakness resulting in premature death. There is 
no cure for DMD and current treatment options focus primarily on 
respiratory assistance, comfort care, and delaying the loss of ambulation. 
As it involves the degeneration of muscles, using the stem cells for muscle 
repair can bring great benefits. Torente et al. administered CD133+ cells 
derived from muscle, to check for safety and efficacy of stem cell therapy 
in DMD. The trials were conducted as double blind in eight children 
(mean age of 126.75+21.28 months) over a seven-month period time. 
Patients presented increased capillary ratio per muscle fibers (that may 
help in muscular regeneration) with no adverse effect either locally or 
systemically [47]. These promising results are indeed encouraging in the 
area of cell therapy for Duchenne muscle dystrophy.

CD133 and cerebral palsy

Cerebral Palsy (CP) is a disorder characterized in children as an 
impairment in cognitive function such as movement, hearing, seeing, 
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learning and thinking. It involves damage to several types of brain 
cells, hence making pharmacological treatment difficult. Currently, 
the treatment of the disorder is limited to supportive and management 
strategies. However, there is a long time suggestion for using stem 
cell therapy in order to improve the cognitive function. A phase I 
clinical trial (NCTID: NCT01763255) has been completed in children 
with cerebral palsy. The children were administered with intrathecal 
CD133 enriched bone marrow stem cells. A total of 12 Children aged 
4 to 12 years, were injected with stem cells, intrathecally. The patient 
neurological scores were observed. The neurological measures were 
taken as baseline and 6 months after the injection. Zali et al. reports 
possible short term improvement in neurological function (NCTID: 
NCT01404663). Further, there was no adverse event reported except 
for seizure in 1 of the children, hence, the therapy was termed 
completely safe with a potential of increased neural health [48].

CD133 and Asherman’s syndrome

Asherman’s syndrome is characterized by endometrial 
regeneration. It results in the formation of scar tissue in uterine cavity, 
most often developed following uterine surgery. The presence of scar 
tissue may cause amenorrhea, miscarriages and can lead to infertility. 
This is generally treated by surgery which involves the removal of scar 
tissue. However, in 2016, Santamaria et al. reported the use of stem 
cell therapy in 11 patients (NCTID: NCT02144987), using CD133+ 
bone marrow derived cells. Increased thickness and angiogenesis 
of endometrium with increased volume and duration of menses 
was reported following CD133+ cells in conjunction with hormonal 
replacement, during first three months of treatment [49]. CD133 and 
liver cirrhosis Liver cirrhosis occurs at an end stage following chronic 
liver injuries. It may lead to severe hepatic dysfunction resulting in 
life-threatening condition. Currently, the only suggested treatment is 
the liver transplant, which is associated with many problems. One of 
the major issue is availability of the matching donor and risk of graft 
rejection. Recently, Stem-cell therapy has shown promising result 
in repairing the damage to liver tissue. Several studies have implied 
bone marrow stem cells as well as hepatic stem cells for the repair of 
cirrhosis. Stem cells not only help in repair of the damaged tissue but 
also help in suppressing inflammatory response, reduced apoptosis 
and helps in increasing hepatocyte regeneration. These complex 
mechanisms helps in reducing the liver fibrosis and help improve 
restore hepatic function [50].

In 2015, Pietro et al., in Italy reported the safety of CD133+ 
bone marrow stem cells reinfusion in phase-1 clinical trial (NCTID: 
NCT01025622). 16 patients were enrolled with Model for End-stage 
Liver Disease (MELD) score between 17 and 25. An initial worsen 
score was observed for the patients, following mobilization of stem 
cell (a process that involves the movement of stem cell from bone 
marrow into blood). However, temporary improvement was found 
after reinfusion of stem cells in the patients. No serious adverse event 
was reported following the procedure. The investigators suggest that 
stem cell therapy can act as a “bridge to transplant” and can help the 
period required to find matching donors [51].

The phase-I clinical trial held in 2012 (NCTID: NCT01729221) in 
Egyptian patients (n=90) with HCV-associated liver cirrhosis suggests 
significant improvement in liver functions (during 12 month follow 
up period), when patients were infused with CD133+CD34+ purified 
stem cells. This improvement was further increased in patients who 
were given two sessions of stem cells infusions (second infusion 
administered after 4-months). The maximum improvement in model 
of end-stage liver disease (MELD) score and INR (international 

normalized ratio) was seen after 3-months following the stem cell 
infusion [52].

Another Phase-I study evaluated the efficacy and safety of 
transplanting autologous CD133+ bone marrow stem cells in patients 
presenting with decompensated cirrhosis. The transplantation of stem 
cells was found safe with no adverse event reported in six patients 
[53].  The investigators from Singapore hospital has started phase-3 
clinical trial in order to determine the potential of CD133+ cells to 
reveres fibrosis and improve clinical outcome for patients with end 
stage cirrhosis.  The clinical trial is currently at stage of recruiting 
patients, and is supposed to be completed in 2021 involving 23-33 
patients with end stage cirrhosis (NCTID: NCT03109236).

CD133 in hypercholesterolemia

Familial hypercholesterolemia (FH) is a genetic disorder in 
which patients have increased levels of low density lipoprotein 
cholesterol (LDL-C) in blood circulation that leads to increased 
rate of atherosclerosis. Lipoprotein apheresis (removal) has proven 
to be an effective treatment for FH patients and has shown reduced 
cardiovascular morbidity and mortality. FH patients has been 
found to have higher baseline circulating levels of CD34+/CD133+ 
and CD34+/CD133+/CXCR4+ cells compared to hyperlipidemic 
patients (HLP) and healthy subjects. This suggests the activation 
of reparative procedure in FH patients. There was no significant 
change in circulating progenitor cells (CPCs) following apheresis 
in FH patients. It is hypothesized that in addition to a reduction in 
atherogenic lipids, the cardiovascular benefits, from lipoprotein 
apheresis therapy is mediated by enhanced vascular reparative 
capacity through mobilization of CPCs [54].

Statins (HMG-CoA reductase inhibitors) are the choice 
medications for treatment of FH. It is reported that therapy with 
statins was associated with high baseline levels of CD133+ cells [55] 
and early endothelial progenitor cells (CD133+VEGFR2+) [56]. 
This suggests that the treatment with statins also helps in activating 
reparative process in the patient’s body.

Cardiovascular diseases

Circulating progenitor cells (CPCs) are markers of overall 
vascular health. The diminished levels have been associated with 
decreased reparative potential and poor outcomes. These cells express 
both CD34 as well as CD133 markers. An increased level of CD133 in 
circulation has been found to be significantly correlated with reduced 
hospitalization event as well as first major cardiovascular event [55]. 
Several studies have reported increased amount of circulating CD133+ 
cells in response to ischemic area formed following myocardial 
infarction [55,57-59]. CD133+ cells have strong angiogenic capacity 
and via WNT pathway activation or direct interaction with VEGF 
potentiate its effect and helps in revascularization of the injured area. 
These factors could be involved in angiogenesis/ revascularization 
after cell therapy [37,60].

Ischemia

Ischemia is a condition presenting decreased blood supply to 
tissues, resulting in oxygen deficiency, hence disturbing cellular 
mechanism. Stem cells exhibit certain cytokines like angiopoietin, 
VEGF that can help repair the vasculature and can improve the blood 
supply to the ischemic zone, hence have a great potential to help in 
recovery of the tissues injured following blood or oxygen loss.  The 
phase-III clinical trials are underway in order to establish the CD133+ 
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stem cells efficacy in Ischemia. Stamm et al., reported the safety and 
efficacy of CD133+ cells in chronic ischemic heart disease following 
coronary artery bypass (2007, NCTID: NCT00462774). No cell 
related complication was reported in a 3-years follow-up. The patient 
group that received CD133+ cells showed significant improved Left 
ventricular ejection fraction (LVEF) in a 6-months follow-up [61]. 
Moreover, Improvement of cardiac function has been seen in patients 
with end-stage chronic ischemic cardiomyopathy when stem cell 
therapy was given without coronary artery bypass graft (CABG). 
Stem cell therapy with CD133+ purified cells has shown an increased 
ventricular ejection fraction up to 24.8 ± 5% from 15.8 ± 5%. This 
shows that stem cell therapy alone has a potential to treat ischemia 
and improve cardiac function [62].

Myocardial infarction

Myocardial infarction (MI), commonly known as heart attack 
results in decreased blood flow or complete blockage of blood to the 
heart tissue, causing damage to the heart muscles. Stem cell therapy, 
having a potential to regenerate the tissue, can help in heart repair, 
hence decrease the risk of MI in future. The studies show that several 
factors need to be considered that can influence the usefulness of 
stem cells in myocardial infarction. These factors involve the route 
of administration, optimal cell type, safe concentration and stem 
cells ability of homing to the damaged region. CD133+ stem cells 
have been safely used in several studies hence, safety of CD133+ 
cells administration in MI patients has been well established [63-
67]. Administration of CD133+ cells through remodeling of the 
infarcted area, helps repair the heart muscles [64]. Intracoronary 
administration of CD133+ enriched mesenchymal stem cells by 
Kurbonov et al. has been shown to decrease infarct size in 11 out of 15 
patients [63] (Figure 3). Although, intracoronary administration of 
CD133+ has produced promising results, however it is associated with 
the increase in coronary events like ventricular tachycardia [65,66].

CD133 and CABG (Coronary Artery Bypass Grafting)

Coronary artery bypass is a surgical procedure carried out to 
improve blood flow to heart muscle by diverting blood around 

narrowed or clogged parts of the major arteries. For CABG, preferred 
route of CD133+ stem cell administration is through intramyocardial 
injection. It has been proved a safe method with no indication of any 
adverse effect appearing during follow-up [61,68,69].  The studies until 
now has been focused on establishing the safety of CD-133 transplantation 
and not much data is available proving the efficacy of CD-133+ stem cell 
therapy. However, in safety studies, Systolic wall thickening [68-70] and 
increase in left ventricular ejection fraction [61] has been observed.

CD133 in cancer

Cancer is one of the major causes of deaths in modern world. 
It is caused by the abnormal growth and uncontrolled proliferation 
of cells. Cancer cells have the ability to proliferate and give rise to 
newer population of cancer cells. Cancer cells share these properties 
in common with stem cells. However, not every cancer cell can 
be considered stem cell or is a stem cell. Cancer cells contain 
heterogeneous sub group of cells that are known as cancer stem 
cells (CSCs). These CSCs display the properties similar to normal 
stem cells that include self-renewal, proliferation and ability to 
differentiate to other cell types. CSCs are responsible for the initiation 
of tumor formation, metastasis and display increased resistance to 
chemotherapy [71,72]. An important point to note here is that the 
term “Cancer Stem Cell” is not implied to state that cancer originates 
from these stem cells. However, some cells of a tumor may undergo 
genetic or epigenetic modifications in the signaling pathway that lead 
to a phenotype similar to stem cells [73-75].

There are several markers that can be used to identify CSCs. 
CD133 is the most commonly used marker to isolate CSCs. Studies 
have shown that CD133+ (positive) tumor cells have better ability to 
initiate tumor in immune-compromised mice compared to CD133- 
(negative) tumor cells [76]. Hence, the role of CD133+ is inevitable in 
tumor initiation. The more recent focus is to target the CD133+ cells 
in order to destroy the tumor propagation capability.

Many of the human cancer cell lines of different origin have been 
evaluated by researchers to express CD-133+ cells (Table 2). However, it 
can be noted that the expression is not confined to specific cancer type. 
Within a given cell type some cell lines express CD133 while others do 

Figure 3: Reduction of Infarct size following intracoronary administration of CD133+ cells. The Infarct size traced by MIBI Scintillography using TC99m. 
Myocardial revascularization can be seen in a patient before (left) and 9-months after (right) stem cell therapy (black, no perfusion; blue-green-yellow-red, 
increasing perfusion). The increased vascularization, presented in orange and red color (Tc99m concentration) after (right) stem cell therapy, is related to 
decrease in infarct size and improvement in heart muscle. Reproduced with permission from Kurbonov et al. [63].
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not. Moreover, CD-133 expression has also been reported in tissues 
from several types of tumors like intrahepatic cholangiocarcinoma [77], 
hepatocellular carcinoma [77], colorectal carcinoma [78], rectal cancer, 
endometrial cancer [79] and in other types of cancers [80-83].

Several mechanisms have been proposed for CD133 role in 
cancer proliferation (Figure 4). It activates PI3k/AKT pathway and 
SRC signaling that helps in tumorigenesis, tumor stemness and 
via epithelial-mesenchymal transition helps in tumor metastasis. 
Further, through NF-κB pathway activation it helps cancer to exhibit 
chemo resistance via increased expression of MDR1 [84] and immune 
resistance through expression of HLA-G via IL-1β [85] (Figure 4).

CD133+ cells immunogenicity

The mice In-vivo studies have shown that isolated CD133+ 

cells can provoke immune response. It has been reported that 
CD133+ melanoma cells express RNA helicase DDX3x, which is an 
immunogenic protein, hence can be used to produce vaccines. T 
cells isolated from mice injected with irradiated CD133+ cells from 
melanoma cells have resulted in significant decrease in parental 
melanoma cells. Moreover, it was identified that CD4+ cells rather 
than CD8+ cells isolated from lymph node, helped in eradicating 
cancer cells [90]. Currently, two phase I clinical trials are in recruiting 
stage to evaluate the efficacy of CAR-T cells (NCTID: NCT03473457) 
in Acute myeloid leukemia (AML) and recurrent malignant gliomas 
with expression of CD133 antigen (NCTID: NCT03423992).

CD133 and chemo resistance

Cancer stem cells (CSCs) like adult stem cells have the ability 
to protect themselves against genetic modifications or damage by 

chemicals. The most commonly used treatment against cancer are 
radiotherapy and chemotherapy. Cancer stem cell membrane has 
specialized proteins that prevent the drug molecules from entering 
the cell, hence protecting them against chemotherapy. CSCs have the 
specialized enzyme to protect against radiation-induced reactive oxygen 
species, hence blocking the effect of radiotherapy [91]. In addition, CSCs 
also have enhanced repair activity of DNA which results in reduced 
apoptotic events. Human glioma cells have found to express increased 
CD133 expression following radiation therapy [92].  This increased 
CD133 expression has been found to be linked with decreased sensitivity 
to radiotherapy and decreased rate of apoptosis [93,94].

Chemo resistant CD133 cells are also known to have high levels 
of ATP-binding cassette (ABC) transporter proteins [95]. These are 
the proteins responsible for nullifying the effect of chemotherapy 
by transporting chemotherapeutic agents out of the cell. Moreover, 
CD133 cells upon radiation show higher levels of phosphorylated-
Akt, especially in glioma stem cells. This high Activated AKT 
increases resistance to 5-FU, Adriamycin, mitomycin C, cis-platinum 
and paclitaxel [107-109] (Table 2).

CD133+ bone marrow cells helps in cancer metastasis

Recently, specialized types of bone marrow mononuclear cells 
have been identified [110]. These cells possess pods that have high 
beta-actin concentration, and these pods serve as cell attractant. These 
cells are named “Hospicells” for their ability to adhere other cells. An 
increased concentration (about 3-folds) of these hospicells has been 
found in patients with Acute Myeloid Leukemia. This increased 
presence of hospicells was also associated with decreased survival 
rate. In-vitro studies have shown the adherence of leukemic 

Figure 4: Proposed CD133 pathways in tumor regulation. 1. NOTCH signalling pathway when activated by JAG, activates NICD1 (Notch intracellular 
Domain 1) which in turns activates CD133 promoter hence increasing CD133 expression [86]. 2. Activated-CD133 interacts physically with WNT that result 
in increased β-catenin via blockage of GSK3β. This β-catenin then enters the nucleus and binds to TCF/LEF that results in increased transcription of WNT 
target genes that increases stemness and proliferation of cancer cells [87,88]. 3. SRC phosphorylation by activated-CD133 results in activation of SRC 
signaling which promotes stemness, Proliferation and EMT in tumor cells. SRC is also linked to activation of PI3K/AKT pathway [89]. 4. P85 belonging to 
the Phosphatidylinositol 3-kinases is phosphorylated by activated-CD133. This further through series of molecular activation results in activation of AKT 
resulting in increased stemness and proliferation. Moreover, This AKT through activation of NF-κB pathway results in increased expression of MDR-1 which 
confers chemo resistance to the cells [40,84]. Further, we have shown that cells express HLA-G (an immunosuppressive molecule) through NF-κB pathway 
[85]. Hence, CD133 may be involved in providing chemo resistance as well as immune resistance to the tumor cells.
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Cancer origin Cell line name %age of CD-133 expression Reference

Cervical carcinoma Hela 0.8 [96]

Colon Cancer

Colo205 6.9 [97]

HCT116 69.62 [97]

HT-29 74 [98]

SW480 0.23 [97]

Colon Cancer (Meta static) SW-620 30 [99]

Colorectal adenocarcinoma Caco-2 79 [100]

Colorectal cancer DLD-1 20 [101]

Gastric Cancer

KATO-III 80.2 [102]

MKN45 0.2 [102]

MKN74 0.6 [102]

NCI-N87 0.1 [102]

SNU-1 0.7 [102]

SNU-216 37.7 [102]

SNU-601 32.2 [102]

SNU-638 0.4 [102]

SNU-688 0.1 [102]

Glioblastoma

T98G 0.3 [96]

U87 1.9 [103]

U87MG 0.2 [96]

Head and Neck Squamous carcinoma 
cell line

HN-12 0.4 [96]

HN-30 0.1 [96]

NA-SCC 5.9 [100]

UMSCC-1B 4 [100]

Hepatocarinoma Hep3b 96.8 [96]

Lung Cancer

EKVX 0.39 [104]

H1299 95 [81]

HTB-182 1.07 [104]

LC-42 56.89 [104]

SELS 0.43 [104]

Lung adenocarcinoma H23 5.36 [96]

Lung fibroblast WI38 2.4 [96]

Table 2: CD133 expression in different cell lines.

Figure 5: CD133+ Bone Marrow Hospicell in culture with attached HL60 (leukemia cancer) cells. Bone Marrow Hospicells (marked with yellow arrow) when 
cultured in-vitro with suspension leukemia cell line (HL60; marked with blue arrow) provides a niche for HL60 cells to adhere and form a cluster. Reproduced 
from M Mirshahi [72].
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cells (HL60) and form a cluster being attached to CD133+ BMH 
(Bone marrow hospicells) [111]. Further, these hospicells not 
only showed increased resistance towards Aracytine(AraC) or 
Daunorubicin (DnR) themselves, but also protected the leukemic 
cancer cells (HL60) against the chemotherapy [72]. Targeting 
of BMH using anti-CD94mAB and anti-CD11a mAB, in-vitro 
significantly decreased HL60 adhesion on BMH. This suggests that 
not only the Cancer CD133+ cells but also the BMH can help tumors 
resist against chemotherapy. BMH can be a novel target to eradicate 
cancer Figure 5.

CD133 and prognosis in cancer

As already mentioned, presence of CD133+ cells result in increased 
resistance against anti-cancer therapy. This increased resistance is 
linked to a decreased treatment response leading to shorter survival 
rate and poor prognosis in cancer patients. Further, CD133+ cells are 
also linked to increased proliferative capacity [112] and metastatic 
activity of tumor [113], hence, presence of more CD133+ cells results 
in tumors with high proliferative index and increased metastasis. 
CD133+ has in general a high prognostic impact in cancer. Presence 
of CD133+ cells has been linked to decreased overall survival rate. This 
has been reported in many of the Cancer types e.g. colon cancer [114], 
gastric carcinoma [115], hepatocellular carcinoma (also a prognostic 
factor for liver transplantation [116]), lung cancer [117], Breast 
cancer [118,119], Ovarian Cancer [120,121], non-mucin producing 
intrahepatic cholangiocarcinoma [122], Brain Cancer [123], Kidney, 
and cutaneous squamous cell carcinoma [124].

Targeting CD133 for cancer treatment

Increased expression of CD133 linked to shortened survival 
enourages targeting CD133 as a therapeutic approach against cancer. 
It may help reduce cancer progression and improve the efficiency of 
chemotherapy. In-vivo ovarian cancer model using pseudomonas 
exotoxin fused to anti-CD133 (for CD133 targeting) has shown the 
decreased ovarian cancer progression in mice [125]. Similarly, this 
exotoxin [126] has been reported to mediate apoptosis in myeloid 
leukemia cells. CD-133 targeted delivery of potent cytotoxic drug 
monomethyl auristatin F (MMAF) has been shown in-vitro to induce 
apoptosis in hepatocellular carcinoma and gastric carcinoma cell 
lines (Hep3B and Kato-III). In mice model, the treatment showed 
significant delay in Hep3B tumor growth [127].

CD133 cells can be targeted through differentiation in order 
to reduce their stem cell properties. Several compounds like DIF 

(differentiation-inducing factors) [128] and arsenic trioxide [129] 
can be used to decrease CD133 expression. In hepatocellular carcinoma 
(mice model), reduced expression of CD133 was found, following 
differentiation using arsenic trioxide. Further, decreased recurrence 
rates and prolonged survival was observed in a mouse model. Other 
targeted therapies involve elimination of CD133+ tumor cells, using 
oncolytic viruses [130], inhibiting PPARγ agonists to inhibit the growth 
and proliferation of CD133+ stem cells [131] and blocking the NOTCH 
[132] pathway specially for brain tumors, where glioblastoma cells has 
increased NOTCH activity in CD133 positive tumor cells.

Wang et al. reported the use of CD-133 targeted CAR-T cells in 
Phase-I trial, completed in 23 patients with advanced malignancies. 
CAR-T cells (following multiple cell infusion cycles from 2 to 4) 
showed effective activity in destroying CD-133+ cells (confirmed 
through biopsies). No de novo lesion was detected in 21 out of 23 
patients following administration of CAR-T cells. 3 of the patients 
showed partial remission, 14 patients presented with stable disease 
for 9 weeks to 15.7 months while 3 patients showed response till last 
follow-up in early 2018. In conclusion, CD-133+ targeted CAR-T cells 
are potential candidate for effective and safe therapy [133].

Conclusion
CD133 or Prominin-1 is an important stem cell marker. CD133+ 

stem cells, hence, play an important role in stem cell therapy. While 
alteration in CD133 gene is known to cause genetic defects, CD133+ 
purified stem cells can be used in regenerative medicines. Majority 
of the clinical trials currently completed or in process are focused 
on safety studies of CD133+ stem cell therapy, however, the ones 
which are completed, has reported the efficacy of CD133+ stem cells 
especially in heart and liver disease. Further, in cancer, CD133+ stem 
cells have a great potential to be used as a prognostic marker as well 
as a target for tumor eradication.
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