
Abstract. Background/Aim: Gastric adenocarcinoma is the
fourth most common cancer worldwide. While gastric cancer
prevalence varies globally and incidence rates are
decreasing in the West, many cases continue to be diagnosed
at an advanced stage and the 5-year survival rate still falls
below 30%. Early treatment of gastric cancer by endoscopic
and/or surgical therapy may decrease mortality; yet reliable,
universally applicable biomarkers for early detection of
gastric cancer have still not been established. Materials and
Methods: The present work compares the expression of
CD133 (prominin-1), a potential biomarker of disease
progression in gastric cancer, between independent cohorts
of H. pylori (+) and H. pylori (–) patients at each respective
stage of carcinogenesis. H. pylori (–) patients (N=45) who
underwent gastric biopsy at the Moffitt Cancer Center
(MCC) in Tampa, Florida, and H. pylori (+) patients (N=59)
who underwent gastric biopsy at the Instituto de Patologia
Mejia Jimenez (IPMJ) in Cali, Colombia were evaluated and
immunostained for CD133. Results: A statistically significant
increase in CD133 expression (in terms of the Allred score)
was observed between all stages of progression (normal
mucosa, inflammation/metaplasia, low-grade dysplasia and
gastric adenocarcinoma) for each respective patient cohort.
No statistically significant difference in CD133 expression at
each respective stage of disease was observed between the

H. pylori-positive and negative- cohorts. Conclusion: The
observation of distinct stepwise increases in CD133
expression in both patient cohorts, and the lack of any
significant difference between groups, suggests that CD133
expression may serve as a biomarker for early detection of
gastric cancer independent of bacterial status and strain,
and corresponding differences in disease histomorphology
and classification. This warrants further validation on larger
independent cohorts across multiple geographic regions and
incorporating multiple bacterial strain types. 

Approximately one million patients are diagnosed with
gastric adenocarcinoma (GC) every year, making it the
second most common cause of cancer-related death
worldwide (1-4). While genetic factors, as well as alcohol
consumption and diet can play an important role in the
etiology of GC, infection with Helicobacter pylori remains
the most common cause of the disease, associated with over
70% of GC incidence (5, 6). The bacterial infection typically
induces distal/non-cardia gastric cancer, classified histo-
morphologically as intestinal type and characterized by a
stepwise progression to cancer featuring H. pylori-related
chronic active gastritis, atrophy, intestinal metaplasia, low-
grade dysplasia, high-grade dysplasia, intramucosal
adenocarcinoma, and invasive adenocarcinoma (7-9). 

While H. pylori prevalence is particularly high in Africa,
South and East Asia and parts of South America, GC
incidence still varies significantly due to the diversity of
bacterial strains across these regions. The highest rates of H.
pylori-associated GC incidence and mortality are found in
regions where the CagA+,VacA+ strain is prevalent,
including Japan and Colombia (10). In these regions,
effective screening is crucial to reducing the high mortality
rate, and the identification of reliable biomarkers for early
detection continues to be at the forefront of such efforts. 
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CD133 (prominin-1) is a 120-kDa penta-span membrane
glycoprotein product of the CD133 gene located on
chromosome 4 (4p15.33) and is localized to the microvilli
and other protrusions of the plasma membrane (11). In recent
years the role of CD133 as a prognostic marker in gastric
cancer, as well as in other cancers including those of the
colon, pancreas, lung, liver and ovary, has been widely
studied (12-18). In gastric cancer, several lines of research
have shown that overexpression of CD133 is associated with
later TNM stage, lymph node metastasis, chemo-resistance,
early recurrence, lymphatic and vascular invasion, and worse
prognosis (19-25). The level of CD133 mRNA expression
may also reflect the status of lymph node metastasis as well
as tumor size and stage (26). The positive rate of CD133
immunostain has been approximated at 35.1% of GC cases
in a recent meta-analysis (19). While the relationship
between CD133 expression in GC and patient outcomes has
been relatively widely studied, a stepwise increase in CD133
during the earlier stages of disease has also recently been
proposed (27-29). To date, existing studies have either
associated this stepwise increase in CD133 expression with
the H. pylori–driven Correa pathway of carcinogenesis, or
have not investigated the relationship between expression
and infection status.

In this manuscript we evaluated whether a progressive
increase in CD133 expression during carcinogenesis is specific
to H. pylori-associated disease by comparing expression at
each respective stage of the Correa pathway between
independent patient cohorts from Cali, Colombia (H. pylori
(+) patients) and Tampa, Florida (H. pylori (–) patients). A
stepwise increase in CD133 positivity between the respective
stages of normal gastric mucosa, inflammation or metaplasia,
low-grade dysplasia, and gastric adenocarcinoma was
observed in both (H. pylori (+) and H. pylori (–)) patient
cohorts, with no significant difference between the two cohorts
at each stage of progression. This preliminary result challenges
the previous assumption that CD133 expression is specific to
the bacteria-induced Correa pathway, and suggests that CD133

could serve as independent biomarker for gastric cancer
progression, irrespective of disease etiology or histo-
morphological disease classification.

Materials and Methods
Patients and samples. Samples were obtained retrospectively from
45 H. pylori (–) patients who underwent gastric biopsy at the
Moffitt Cancer Center (MCC) in Tampa, Florida during 2015 and
2016, and 59 H. pylori (+) patients who underwent gastric biopsy
at the Instituto de Patologia Mejia Jimenez (IPMJ) in Cali,
Colombia during 2014. Biopsy samples were subclassified based on
the pathological analysis of histologic lesions according to the four
different stages of the Correa pathway (30): normal gastric mucosa
(NM), inflammation or metaplasia (IM), low-grade dysplasia (DS)
and adenocarcinoma (GC). Inflammation and metaplasia were
combined into one category for comparison of the two cohorts due
to the inherent differences in disease development between bacteria-
associated and non-associated disease. Stage of progression was
assessed by hematoxylin and eosin (H&E) staining, and H. pylori
status was evaluated by immunohistochemical staining of
endoscopy samples from each patient.

The southern United States is a particularly low H. pylori
incidence region; if the infection does occur, the bacterial strain is
typically CagA-/VacA- and un-associated with the onset of
carcinogenesis. GC patients from Tampa, Florida primarily presented
with diffuse/cardia cancers. Comparably, the mountainous region of
Cali, Colombia has extremely high (>70%) prevalence of
CagA+/VacA+ H. pylori and patients typically presented with
intestinal-type cancers of the antrum and corpus. An overview of
patient characteristics is provided in Table I. Of the MCC patients,
73% were Caucasian, 15% Hispanic, and 13% Asian. All patients
from IPMJ were Hispanic. All information linked to the patients is
protected and de-identified, and all tissue samples are collected from
retrospective cases; informed consent or substitute was obtained
from all patients for future use of clinical data and samples. All
specimens were de-identified by the IRB at the Instituto de Patología
Mejía Jiménez in Cali, Columbia, USA, both for the initial selection
of the samples and for the subsequent data collection. 

Immunohistochemistry. All Cali samples were shipped as formalin-
fixed paraffin-embedded (FFPE) tissue blocks to Moffitt Cancer
Center, Tampa, FL for immunohistochemical analysis, as
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Table I. Baseline patient characteristics for the two cohorts: Moffitt Cancer Center, Tampa, Florida (N=48) and Instituto de Patologia Mejia
Jimenez, Cali, Colombia (N=58). 

Cohorts                                       H. pylori (–) (Tampa, Florida)                                                                H. pylori (+) (Cali, Colombia)

Stage                    NM                        IM                       DS                        GC                      NM                       IM                        DS                      GC

N1                          1                            9                          9                           19                        10                         17                         10                        21
Age                  66 (±16)               58 (±14)              66 (±12)               69 (±13)              43 (±11)              62 (±16)               52 (±16)              53 (±14)
Gender                                                                                                                                                                                                                             
  Male                 64%                      89%                     78%                      84%                     90%                     53%                      30%                    52%
  Female             36%                      11%                     22%                      16%                     10%                     47%                      70%                    48%

NM, Normal gastric mucosa; IM, inflammation or metaplasia; DS, low-grade dysplasia; GC, adenocarcinoma.



previously described (31). All samples from both cohorts were
stained using the Ventana automated immunostainer Discovery XT
(Ventana, Tucson, AZ, USA) and Ventana ChromoMap kit
(Ventana). Tissue sections of 4 μm were incubated for 2 h with
mouse anti-human CD133 monoclonal antibody (1:100; MAB4399,
Millipore, Billerica, MA, USA), followed by incubation with the
Ventana OmniMap anti-mouse secondary antibody (Ventana) for 16
min. Kidney tissue samples were used as the positive control, while
ommission of the first antibody served as negative control. Slides
were counterstained with H&E. All sections were dehydrated and
coverslipped as per normal laboratory protocol. Slides were read
by two pathologists. The immunostain for CD133 was localized to
the cytoplasm in all cases. At each disease stage, extent of
immunohistochemical staining (of epithelial cells) in terms of both
percentage staining and staining intensity was evaluated. The
Allred scoring system featuring a proportion score (scale of 0-5)
and an intensity score (scale of 0-3) was utilized to give a total
positivity score between 0 and 8 (32). 

Statistical analysis. The statistical significance of the difference in
CD133 positivity score between stages (e.g., normal mucosa vs.
inflammation/metaplasia, inflammation/metaplasia vs. low-grade
dysplasia, and low-grade dysplasia vs. carcinoma) was evaluated by
two-sample t-test and (non-parametric) Wilcoxon rank sum test for
the H. pylori (–) cohort. Results were then compared in a similar
manner to equivalent increases in CD133 expression in the H. pylori
(+) cohort to evaluate the influence of disease etiology and
pathology on marker expression. All p-values <0.05 were
considered statistical significant.

Results

In the H. pylori (–) cohort, the CD133 IHC total positivity
score (TPS) was significantly higher in both DS (TPS increase
117%, p=0.0001) and GC (TPS increase 152%, p=0.00001)
than in NM (Figure 1). The TPS increase between NM and IM
was not statistically significant. A significant increase in
CD133 TPS was also observed between the IM and DS
samples (TPS increase 52%, p=0.012) and the DC and GC
samples (TPS increase 16%, p=0.03). 

In the H. pylori (+) cohort, the TPS increase was
significant for all stages of disease compared to NM: IM
samples (TPS increase 65%, p=0.02), DC samples (TPS
increase 109%, p=0.001), and GC samples (TPS increase
139%, p=0.0001) (Figures 1 and 2). A significant increase
in CD133 TPS was also observed between the IM and DC
samples (TPS increase 26%, p=0.003) and the DC and GC
samples (TPS increase 15%, p=0.045). 

Interestingly, no statistically significant difference in
CD133 TPS at each respective stage of disease was observed
between the H. pylori positive and negative cohorts. With an
average difference of less than 6% between the two cohorts,
and a minimum p-value of 0.23 (GC samples, Tampa vs.
Cali), the current study demonstrates no evidence that the
CD133 increase during gastric carcinogenesis is specific to
H. pylori-associated disease.

Tests were repeated using both the percentage score
component of the Allred TPS alone and the intensity score
component alone to confirm that results are not
disproportionally skewed. No statistically significant
difference between the H. pylori positive and negative cohorts
was observed in either of these subcomponents of the TPS. 

It was also observed that the CD133 stain localization was
usually luminal in better differentiated GC and became
cytoplasmic in less differentiated GC tumors (Figure 3).
Variations in the localization of CD133 staining were
unrelated to the H. pylori status. 

Discussion

GC has a high rate of recurrence and metastasis, and
typically responds poorly to therapy (34). While the
molecular mechanisms responsible for this behavior are still
not fully elucidated, elevated CD133 expression has been
linked to several of these traits. Yiming et al. have reported
a meta-analysis of 8 studies, which included 603 cases of
gastric cancer, and have found that CD133 overexpression
was associated with higher TNM stage, presence of lymph
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Figure 1. Total CD133 positivity score (Allred scoring system) for each
respective patient cohort at each stage of disease. In both cohorts, a
statistically significant increase in CD133 expression was observed between
all stages of progression, with only one exception of normal mucosa (NM)
to inflammation/metaplasia (IM) in the H. pylori negative (Tampa, Florida)
group (*p<0.05, **p<0.001, ***p<0.0001). No significant difference in
CD133 expression was observed between the H. pylori-positive and H.
pylori-negative cohorts at any point in the progression pathway. DS, Low-
grade dysplasia; GC, gastric adenocarcinoma; ns, non significant.



node metastasis, occurrence of vascular and lymphatic
invasion and worse prognosis (19). Similarly, Yu et al. have
studied 31 gastric cancers comparing CD133 mRNA
expression levels in gastric cancer samples to non-cancerous
gastric mucosa samples from the same patient (35), showing
that the level of CD133 mRNA was associated with the
status of cancer, tumor size, tumor stage and presence of
metastasis. This finding was is in agreement with the
observation of Wen et al. that CD133 mRNA levels were
higher in gastric cancer compared to non-neoplastic gastric
tissues (20). 

While up-regulation of CD133 in high-stage gastric tumors
and its association with worse outcomes has already been
established, the stepwise increase in CD133 marker positivity
during the carcinogenic pathway associated with H. pylori is
a more recent observation and has highlighted the potential
for CD133 expression to act as a marker of disease initiation
and progression. Herein, a significant stepwise increase in
CD133 expression during the progression of non-H. pylori-
associated GC is reported. The absence of a significant
difference in CD133 protein expression between cohorts of

H. pylori positive and H. pylori negative patients at any stage
of GC development is also reported. 

CD133 has been widely described as a marker of stem cells
(SC), particularly in the setting of gastrointestinal (GI) disease.
This has been established in multiple cancer types, and an
increased SC population has been independently associated
with worse prognosis (20, 24, 25, 27). Interestingly, H. pylori
has been associated with an increase in the SC population in
gastric cancer. This is believed to be attributable to both
increased local SC proliferation and recruitment of SCs from
the bone marrow in response to persistent bacteria-induced
gastritis and tissue atrophy, as well as direct DNA damage and
disruption of SC differentiation (36-40). These observations
have led to speculation that the previously observed increase
in CD133 during H. pylori-associated carcinogenesis is
attributable to an increasing SC population in the glands of H.
pylori (+) patients (27). In the absence of the bacteria,
however, GC is typically of diffuse-type, localized in closer
proximity to the cardia, and is not associated with the clearly
defined Correa pathway characterized by intermediate
precancerous lesions such as intestinal metaplasia. 
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Figure 3. CD133 staining luminal localization seen in a well-differentiated
gastric adenocarcinoma (GC) (A) compared to the CD133 cytoplasmic
expression observed in a poorly differentiated GC (B).

Figure 2. Changes in CD133 immunohistochemical (IHC) expression in
different stages of gastric cancer progression. The CD133 IHC staining
is negative in the normal gastric mucosa (A), while it is weakly expressed
in intestinal metaplasia (B). CD133 IHC staining is moderate and diffuse
in the dysplastic mucosa (C) and strong and diffuse in the gastric
adenocarcinoma (D). This same pattern of stain was observed for both
H. pylori (+) intestinal-type and H. pylori (–) diffuse-type gastric cancers.



In the present study, the observation that an equivalent
increase in CD133(+) SCs occurs in both cancer types,
initially led us to speculate that inflammation, common to
both H. pylori (+) intestinal-type and H. pylori (–) diffuse-
type gastric cancers, could be driving an increase in the SC
population during carcinogenesis, irrespective of the
bacterial status and the corresponding differences in disease
histomorphology and classification. However, our study also
showed that although overall marker positivity score
increased incrementally during disease progression,
expression tended to be of higher intensity in the early
stages, becoming of lower intensity – though staining a
larger fraction of the cell population – in cancer samples.
This appears to be in agreement with recent reports that
CD133 is not exclusively a marker of SCs; Ding et al. have
suggested that CD133 may also be expressed in transit
amplifying progenitor cells of the gastric glands (41). Similar
suggestions have been made in other cancer sites, for
example it has been calculated that only 1 in 262 CD133
positive cells in colon cancer represents a SC (42). The
present work contributes to the expanding network of
evidence suggesting caution should be exercised in applying
CD133 as a marker of gastric SCs without verification with
other common SC markers such as CD44 or Lgr5.

Finally, a change in CD133 localization from the luminal
surface to the cytoplasm depending on tumor differentiation
was also observed. This finding has previously been reported
in other GI tumors and it has been suggested that different
localization of CD133 expression may confer different
cellular functions (44, 45). For example, the apical
localization of CD133 may imply that this cholesterol-
binding glycoprotein plays a role in the cellular secretory
process of well-differentiated tumor cells and that this role
is lost in poorly differentiated cells (46). 

To summarize, we propose that increases in CD133
protein expression during GC carcinogenesis may be
independent of the bacterial status or strain and also
independent of the role of CD133 as a SC marker. This
motivates prospective analysis of the association of CD133
with H. pylori infection on larger cohorts, before conclusions
can be made regarding its suitability as a general marker of
GC initiation and progression. 

Due to the commonly late diagnosis and the associated
high mortality of GC, reliable biomarkers of disease
initiation and progression are crucial for early intervention
and improved outcomes. Standardized screening programs
for gastric cancer have been trialed on a limited basis and
have shown potential to improve outcomes (43). However,
in the absence of reliable biomarkers, wide reaching,
efficient screening protocols are a near impossibility despite
their potential to ultimately facilitate early intervention by
endoscopic and/or surgical therapy, and in turn increase
survival rates in GC. 
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