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INTRODUCTION: Theexpression of LGR5, a known stemcellmarker, is poorly understood inBarrett’s esophagus (BE) and

related neoplasia. The aim of this study was to evaluate LGR5 in BE and related neoplasia and to

evaluate its utility as a potential biomarker of progression to advanced neoplasia.

METHODS: We evaluated total 137 patients, including 119 with BE and 18 with normal gastroesophageal mucosa

for expression of LGR5 using RNA in situ hybridization; this also included 28 progressors and 30

nonprogressors. The LGR5 stainwas evaluated using 1qualitative and2quantitative parameters, using

manual and automated platforms.

RESULTS: Surface LGR5 expression was mainly seen in high-grade dysplasia (12/18) compared with low-grade

dysplasia (1/8) and nondysplastic BE (0/17) (P < 0.0001). In contrast to nondysplastic BE, low- and

high-grade dysplasia showed a higher percentage of mean number of LGR5-positive crypts per patient

(P < 0.0001) and an increase in themean number of LGR5 transcripts per cell (P< 0.0001). Themean

percentage of LGR5-positive crypts per patient and themean number of LGR5 transcripts per cell were

also significantly higher in nondysplastic BE from progressor compared with nonprogressor (P <
0.0001, P5 0.014). The sensitivity and specificity of LGR5 for distinguishing progressor from

nonprogressor were 50% and 87%, respectively.

DISCUSSION: BE-related advanced neoplasia shows an expansion of the LGR5-positive cellular compartment,

supporting its role as a stem cell marker in this disease. Quantitative LGR5 expression and surface

epithelial reactivity are novel biomarkers of increased risk of progression to advanced neoplasia in BE.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A475 and http://links.lww.com/CTG/A476.
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INTRODUCTION
Leucine-rich repeat-containing G-protein–coupled receptor 5
(LGR5) encodes a G-protein–coupled receptor that potentiates the
WNT signaling pathway through interaction with its ligand, R-
spondin (1). LGR5 is involved in embryonic development and has
been shown tomodulate and enhance the canonicalWNT signaling
pathway (2–4). Precise in vivo fate mapping in murine models has
demonstrated that LGR5-positive cells self-renew, differentiate, and
contribute to the long-term renewal of intestinal epithelium (5).
LGR5 is a robust stem cell marker in the normal human small
intestine, colon, and stomach (5,6). Metaplastic esophageal co-
lumnar epithelium recapitulates the stomach, colonic, and small

bowel mucosa, and not uncommonly, a combination of all 3 epi-
thelial types, and it stands to reason that LGR5-positive cells have
also been implicated in the genesis of Barrett’s esophagus (BE) (7–9).

Several studies have evaluated and, subsequently, provided
support for LGR5 in neoplastic progression. For instance, de-
letion of APC in LGR5-positive cells was related to the de-
velopment of intestinal adenomas (5). LGR5 has also been shown
to be diffusely overexpressed in colonic adenomas and adeno-
carcinomas and a range of other gastrointestinal and non-
gastrointestinal malignancies (10–16). These data raise the
additional possibility that LGR5 expression in Barrett’s epithe-
lium may help predict progression to advanced neoplasia.
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LGR5 has not been evaluated in BE in terms of its potential
usefulness as a predictive marker. In addition, although several
markers have been proposed for the diagnosis of dysplasia, they
are generally cumbersome, and automated analysis systems have
not been fully developed.

The purpose of this study was to evaluate the prevalence and
localization of LGR5 in normal, metaplastic, and neoplastic esoph-
ageal epithelium and to examine the utility of LGR5 as a potential
predictor of progression to advanced neoplasia in this condition.

MATERIALS AND METHODS

Study group

This is a retrospective study comprising 137 consecutive patients,
of which 119 had BE. The other 18 consisted of specimens from
patients without BE (12 normal gastric cardia and 6 normal
esophagus). The 119 patients with BE consisted of 2 groups. The
first group comprised 61 patients with BE and included 17 who
lacked dysplasia, 8 with low-grade dysplasia, 18 with high-grade
dysplasia, and 18 with adenocarcinoma (Table 1). All these 61
patients, and the 18 patients without BE, were used to evaluate
qualitative and quantitative expression of LGR5. The second group
of 58 patients was chosen specifically to evaluate LGR5 as a pre-
dictive marker of progression to advanced neoplasia (high-grade
dysplasia or adenocarcinoma). Over the course of long-term
follow-up, 28 patients with BE progressed to high-grade dysplasia
or adenocarcinoma and 30 did not. In both BE groups (progressors
and nonprogressors), LGR5 expression was evaluated on an index
BE biopsy without dysplasia (Table 2). Within the progressor
group (N 5 28), the mean duration between the nondysplastic
biopsy and the outcome neoplastic biopsy was 4.6 years (range
0.5–15 years). In the nonprogressor group (N 5 30), the mean

duration between the index Barrett’s biopsy and the most recent
biopsy was 13.2 years (range 10–15 years) (Table 2).

Histologic methods

In this retrospective study, all cases were categorized as either
negative for dysplasia, low-grade dysplasia, high-grade dysplasia,
or adenocarcinoma by 2 experienced gastrointestinal pathologists
(V.D. and R.D.O.) who were blinded to the original diagnosis as
well as the LGR5 and outcome data. Discrepancies in histological
diagnosis among both pathologists were resolved onmultiheaded
microscope.

In Situ hybridization

Branch chain in situ hybridization for LGR5 was performed on
paraffin-embedded tissue (Affymetrix, Santa Clara, CA [cross-
sectional group], and RNAScope 2.5 LS, Advanced Cell Diag-
nostics, Hayward, CA [progression group]) as previously
published (12,17,18). In situ hybridization showed distinct in-
dividual dots corresponding to target mRNA loci, allowing for
quantitative analysis. Negative control involved targeting the
bacterial gene dapB. Biopsies lacking preserved mRNA,
i.e., significantly lower expression of GAPDH on in situ hybrid-
ization than the rest of the cohort, were not included in the study.
Ten cases were excluded on the basis of a lowGAPDHexpression.

We examined the LGR5 stain both qualitatively (localization
of signal in the epithelium of interest) and quantitatively. In this
manner, we assessed the following 3 parameters: (i) qualitative
presence of LGR5 in surface epithelium, (ii) percentage of LGR5-
positive crypts in a single high-power field of mucosa that con-
tained the highest number of LGR5-positive crypts (a crypt was
considered positive when it showed $5 LGR5 transcripts), and
(iii) themean number of LGR5 transcripts per cell, measured in 5
crypts that contained the highest number of LGR5 transcripts
(Figure 1). Of note, the pathologist reviewing LGR5 was blinded
for the location of biopsy as well as the presence of dysplasia or
progression status.

We also performed a quantitative analysis on the distal most
biopsies from BE progressor and nonprogressor patients. The
slides were scanned at 40X using Aperio ScanScope digital slide
scanner (Aperio ScanScopeCSO, Leica Biosystems Imaging, CA).
In this manner, we annotated 5 crypts with the highest number of
signals and recorded the number of LGR5-positive transcripts per
cells using HALO image analysis platform (HALO 2.3; Indica
Laboratories, NM) (see Supplementary Figure 1, Supplementary
Digital Content 1, http://links.lww.com/CTG/A475).

Statistics

Data were analyzed with SPSS statistical software (version 21).
The Levene test for homogeneity of variance and 1-way
ANOVA to compare mean values among multiple groups

Table 1. Summary of patients evaluated by LGR5

Clinical parameters

Normal squamous

mucosa (n 5 6)

Gastric cardiac

mucosa (n5 12)

BE without

dysplasia (n 5 17) LGD (n5 8) HGD (n5 18) ADCA (n5 18)

Male/female ratio 2:1 1:2 2.4:1 8:0 2.6:1 5:1

Mean age in years 48.5 44.5 64.9 66.3 71.9 68.5

Mean length of Barrett’s epithelium (cm) NA NA 3.2 5.4 6.2 6.8

ADCA, adenocarcinoma; BE, Barrett’s esophagus; HGD, high-grade dysplasia; LGD, low-grade dysplasia; NA, not applicable.

Table 2. Summary of patients with Barrett’s esophagus (BE)

evaluated by LGR5 as predictor of progression to high-grade

dysplasia/adenocarcinoma

Clinical parameters

BE nonprogressor

(n5 30)

BE progressor

(n5 28) P

Male/female ratio 1.5:1 4.6:1 0.064

Mean age in years 54.9 64.8 ,0.001

History of smoking (%) 70.8 68.2 0.845

History of alcohol intake (%) 45 45.6 0.976

Body mass index 28.2 29.6 0.426

Mean length of Barrett’s

epithelium (cm)

2.8 5.6 0.003

Mean follow-up in years 13.2 4.6 —
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were performed. Categorical data were analyzed using the x2

test. An optimum cut point for percentage of LGR5-positive
crypts and mean number of LGR5 transcripts per cells for its
diagnostic efficacy was derived from receiver operating
characteristic (ROC) curve. Confidence intervals were cal-
culated using a significance level (alpha) of 0.05.

RESULTS

Qualitative analysis of LGR5 expression in normal gastric cardia,

normal esophagus, BE, and associated advanced neoplasia

LGR5 expression was evaluated in esophageal squamous mucosa
andnormal gastric cardia in 6 and 12 cases, respectively. In gastric
cardia, LGR5 expression was confined to the bases of the crypts
(see Supplementary Figure 2, Supplementary Digital Content 2,
http://links.lww.com/CTG/A476). Surface expression was not
identified in the normal cardiac mucosa of the stomach (0/12).
LGR5 staining was not present in normal esophageal squamous
epithelium in any of the cases examined (0/6) (Table 3).

Of the patients with BE and associated neoplasia, all 17 BE
cases without dysplasia showed LGR5 transcripts exclusively lo-
cated at the bases of the crypts, similar to the stereotypic cellular
hierarchy (defined as reactivity restricted to the basal crypts) seen
in normal small bowel and colonic epithelium.

We also evaluated 44 cases of BE with dysplasia or adeno-
carcinoma, as mentioned above. BE cases lacked surface LGR5
expression, while surface expression was limited to a single case
with low-grade dysplasia; both group showed staining of basal
crypts. By contrast, most cases of high-grade dysplasia showed
LGR5 reactivity (66.7%, 12/18) in surface epithelial cells, in ad-
dition to staining in the crypt bases (Table 3). There was a sig-
nificant difference in high-grade dysplasia compared with BE
without dysplasia, or low-grade dysplasia (high-grade dysplasia
vs low-grade dysplasia, high-grade dysplasia vs BE, P, 0.0001),
with regard to surface LGR5 staining. All 18 biopsies with ade-
nocarcinomas showed loss of the normal hierarchical staining
pattern of LGR5 seen in nondysplastic BE. In adenocarcinomas,
LGR5 was expressed in a random fashion within the malignant
glands, with no apparent spatial or geographic distribution.

Quantitative analysis of LGR5 expression in normal gastric

cardia, normal esophagus, BE, and associated

advanced neoplasia

In the normal gastric cardia, the mean percentage of LGR5-
positive crypts per patient was 6% (64.4), whereas the mean
number of LGR5 transcripts per cell was 0.3 (60.2). Rare LGR5
transcripts were also identified in scattered epithelial cells in the

Figure 1. Representative example of biopsies with,50% (a) and.50% LGR5-positive crypt per high-power field (b) for LGR5 in Barrett’s esophagus (in
situhybridization,Brownchromogen, asterisks indicate LGR5positive crypts.).Meannumbers of LGR5 transcripts per cell were determinedby evaluating5
crypts (c). Surface epithelium LGR5 reactivity (d) was diagnostic of dysplasia and predicted progression to dysplasia (arrow indicates surface epithelium).

Table 3. LGR5 results in normal gastric cardia, esophagus, Barrett’s esophagus, and associated advanced neoplasia

LGR5 parameter

Normal Squamous

Mucosa (n5 6)

Gastric cardiac

mucosa (n 5 12)

BE without

dysplasia (n5 17) LGD (n5 8) HGD (n 5 18) ADCA (n 5 18)

LGR5 surface involvement 0 0 0 1/8 (12.5) 12/18 (66.7) NA

Percentage LGR5-positive crypts

per HPF per patient (SD)a
NA 6 (64.4) 20.3 (618.4) 55.4 (625.3) 72.4 (624.6) 73.7 (626.4)

Mean no. of LGR5 transcripts

per cell (SD)b
0 0.3 (60.2) 2.53 (61.7) 4.9 (62.9) 7.3 (63.9) 9.1 (63.6)

ADCA, adenocarcinoma; BE, Barrett’s epithelium; HGD, high-grade dysplasia; HPF, high-power field; LGD, low-grade dysplasia; NA, not applicable.
aBE without dysplasia vs LGD, and BE without dysplasia vs HGD, P, 0.0001.
bBE without dysplasia vs LGD, and BE without dysplasia vs HGD, P, 0.0001.
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submucosal esophageal glands. In BE cases without dysplasia, the
mean percentage of LGR5-positive crypts per patient was 20.3%
(618.4) and the mean number of LGR5 transcripts per cell was
2.5 (61.7). The mean number of LGR5 transcripts per cell was
significantly higher in BE without dysplasia compared with
normal gastric cardiac mucosa (P , 0.001). In low-grade and
high-grade dysplasia, the mean percentage of LGR5-positive
crypts per patient and the mean number of LGR5 transcripts per
cell were significantly elevated compared with BE without dys-
plasia (low-grade dysplasia vs BE, high-grade dysplasia vs BE,P,
0.0001 and P , 0.0001 respectively) (Table 3, Figure 2). In low-
grade dysplasia, themean percentage of LGR5-positive crypts per
patient was 55.4% (625.3) and the mean number of LGR5
transcripts per cells was 4.9 (62.9), whereas in high-grade dys-
plasia, the mean percentage of LGR5-positive crypts per patient
was 72.4% (624.6) and themean number of LGR5 transcripts per
cells was 7.3 (63.9). Finally, in adenocarcinoma, the mean per-
centage of LGR5-positive crypts per patient was 73.7% (626.4)
and the mean number of LGR5 transcripts per cells was 9.1
(63.6). The percentage of LGR5-positive crypts per patient and
the mean number of LGR5 transcripts per cell were not signifi-
cantly higher in adenocarcinoma compared with low-grade
dysplasia or high-grade dysplasia (low-grade dysplasia vs ade-
nocarcinoma, high-grade dysplasia vs adenocarcinoma, P 5
0.912 and P5 0.601, and P5 0.926 and P5 0.665, respectively).

An optimal cutoff point for the percentage of LGR5-positive
crypts per patient and the mean number of LGR5 transcripts per
cell was derived by an ROC curve analysis. We defined abnormal
LGR5 expression as the presence of any of the following 3 pa-
rameters: LGR5 surface involvement,$50% mean percentage of
LGR5-positive crypts per patient, or $6 mean number of LGR5
transcripts per cell. Using this method, the sensitivity and spec-
ificity for detecting BE-related dysplasia or adenocarcinoma were
high (89% and 82%, respectively) for the presence of any one, or
more, of these 3 parameters (Table 4).

Prediction of progression

The purpose of this aspect the study was to evaluate whether
LGR5 could predict progression of patients with BE to advanced
neoplasia. Qualitatively, LGR5 surface expression was exclusively
noted in biopsies from the progressor group (2/28, 7.1%) com-
pared with the nonprogressor group (0/30) (P5 0.136).

With respect to the quantitative analysis, in the progressor group,
the mean percentage of LGR5-positive crypts per patient was 39.3%
(625.8) and the mean number of LGR5 transcripts per cell was 5.1
(64.5). By contrast, in thenonprogressor group, themeanpercentage
of LGR5-positive crypts per patient was only 17.6% (613.2) and the

Figure 2. LGR5 reactivity on in situhybridization in2 examples of high-gradedysplasia. Full-thickness LGR5 reactivity is present, includingsurface epithelial cell
expression (red chromogen, b and d). Corresponding hematoxylin and eosin images are shown in panel a and c. The asterisks indicate surface epithelium.

Table 4. Sensitivity and specificity of LGR5 as a marker of

Barrett’s esophagus–associated dysplasia/adenocarcinoma

LGR5 parameter

Nondysplasia vs low-grade and high-

grade dysplasia/adenocarcinoma

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

LGR5 surface involvement 56.8 100 100 47.2

Percentage LGR5-positive

crypts per HPF per patient

($50%)

81.8 94.1 97.3 66.7

Mean no. of LGR5 transcripts

per cell ($6)

69.2 86.7 93.1 52

LGR5 surface involvement OR

percentage LGR5-positive

crypts per HPF per patient

($50%) OR mean no. of LGR5

transcripts per cell ($6)

88.6 82.4 92.9 73.7

HPF, high-power field; NPV, negative predictive value; PPV, positive predictive
value.
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mean number of LGR5 transcripts per cell was 2.6 (62.3). Themean
percentage of LGR5-positive crypts per patient and the mean LGR5
transcripts per cell were both significantly higher in BE biopsies from
progressors compared with nonprogressors (P , 0.0001 and P 5
0.014, respectively) (Table 5, Figure 3).

Based on an ROC analysis (Figure 4), we defined abnormal
LGR5 expression as the presence of any of these following 3
parameters: LGR5 surface involvement, $50% of mean LGR5-
positive crypts per patient, and $6 mean number of LGR5
transcripts per cell (Table 6). The specificity of an abnormal LGR5
signal, as defined above, predicted progression to advanced
neoplasia with a specificity of 87% and sensitivity of 50%.

Correlation of manual and automated LGR5 transcript counting

We compared the manual assessment of the mean number of
LGR5 transcripts per cell with that of an automated platform to
validate the results of the manual assessment and to explore the
feasibility of clinical implementation of an automated LGR5
platform for the diagnosis and prediction of dysplasia in BE. The
automated results validated our manual assessment of LGR5

(Pearson correlation 5 0.754, P , 0.0001, concordance 88%)
(Table 7). Regarding predicting risk of advanced neoplasia, the
mean number of LGR5 transcripts per cell showed a specificity of
80% and sensitivity of 50%.

DISCUSSION
Most esophageal adenocarcinomas arise within BE-associated
metaplastic columnar mucosa through a metaplasia-dysplasia-
carcinoma sequence. This pathogenetic process allows for a clini-
cal opportunity to detect early lesions and eliminate them before
cancer progression. As a result, there is much interest in identifying
biomarkers that can help identify patients at highest risk of pro-
gression to cancer. LGR5 is a G-protein–coupled receptor that has
recently been recognized as a reliable stem cell marker. LGR5 has
been shown to be expressed in the stem cell compartment of the
stomach, and intestines, andhas alsobeen shown tomarkprogenitor
cells in the deep crypts of BE in observational studies (19). However,
to date, there have not been any comprehensive and systematic
human studies of LGR5 in BE, and also none that have used anRNA
in situ hybridization technique (19–21). In this current study, our
goal was to evaluate the localization and quantity of LGR5 in BE and
associated neoplastic conditions and to determine whether these
parameters can be used to help pathologists diagnose dysplasia and
in the prediction of neoplastic progression (high-grade dysplasia/
adenocarcinoma) in patients with this disease. We also sought to
determine the efficacy of an automated platform in evaluating and
quantifying LGR5 to decrease the level of human subjectivity in
diagnosing dysplasia.

Our cross-sectional results showed several unique and clini-
cally important observations. First, we documented that non-
dysplastic BE shows LGR5 expression located exclusively to the
basal aspects of crypts, whereas high-grade dysplasia showed loss
of the normal hierarchical pattern of expression by revealing
LGR5 transcripts on the surface epithelium. In adenocarcinoma,
the hierarchical pattern was completely abrogated. These results
suggest that LGR5 surface expression may serve as a more

Table 5. LGR5 as a predictor of progression to high-grade

dysplasia/adenocarcinoma in Barrett’s esophagus (BE)

LGR5 parameters

BE nonprogressor

(n5 30)

BE progressor

(n5 28)

LGR5 surface involvement 0 2 (7.1)

Percentage LGR5-positive crypts per

high-power field per patienta (SD)

17.6 (13.2) 39.3 (25.8)

Mean no. of LGR5 transcripts

per cellb (SD)

2.6 (2.3) 5.1 (4.5)

aP, 0.0001.
bP5 0.014.

Figure 3. Representative hematoxylin and eosin images of a case of nonprogressor BE (a) and progressor BE (c). Quantitative LGR5 expression in
nonprogressor BE (b) (percentage of LGR5-positive crypts per high-power field 5 16% and mean number of LGR5 transcripts per cell 5 2.3) and in
predysplasia biopsy of a progressor BE patient (d) (percentage of LGR5-positive crypts per high-power field5 73% andmean number of LGR5 transcripts
per cell5 13.4) (in situ hybridization, Brown chromogen). BE, Barrett’s esophagus.
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objective and reliable method of assessing lack of surface matu-
ration typical of dysplasia. In fact, the sensitivity and specificity of
LGR5 surface expression for the diagnosis of high-grade dys-
plasia, compared with nondysplastic (reactive) BE, were 60% and
100%, respectively. The high specificity of surface LGR5 expres-
sion provides evidence that this feature can be used effectively in
the diagnosis of dysplastic lesions, which is awell-knownproblem
in BE pathology. We also demonstrated that both low- and high-
grade dysplasia showed a significantly increased quantity of LGR5
expression compared with nondysplastic BE, as measured by the
mean number of LGR5 transcripts per cell and the mean per-
centage of LGR5-positive crypts per patient. Using these pa-
rameters, LGR5 showed a sensitivity and specificity for a
diagnosis of dysplasia or adenocarcinoma of 89% and 82%, re-
spectively. Although histopathologic analysis is currently the gold
standard for the diagnosis of dysplasia, the distinction of reactive
epithelium from dysplasia remains a challenge in a proportion of
cases and LGR5 could serve as an objective marker in this context
(22–24). In a study of 248 patients diagnosed with high-grade
dysplasia, expert gastrointestinal pathologists could confirm a
diagnosis if high-grade dysplasia in only 51% while reclassifying

22% of cases as negative for dysplasia (25). Collectively, we feel
that LGR5 expression could aid in the histological diagnosis of the
more challenging dysplasia in BE, and future studies comparing
morphology alone to morphology with LGR5 should be per-
formed to ascertain its true clinical value in this regard.

In 1 cross-sectional study in humans, LGR5was analyzed in 81
esophageal tissue specimens. It was shown to be expressed in 70%
of nondysplastic biopsies andmore than 90%of cases of advanced
BE-related neoplasia, with a significant association between the
intensity of LGR5 expression and advancing grades of neoplasia,
similar to the results of our current study (13,26). This and other
studies of LGR5 in BE, however, were performed with an im-
munohistochemical platform, a technique that has been plagued
with lack of sensitivity and specificity, and reliability, of the LGR5
antibodies used for the assays (6,8–10,20,27–31).

There is keen interest, worldwide, in trying to identify reliable
biomarkers that can help stratify patients with BE into thosemost
likely to progress to cancer. For instance, DNA content abnor-
malities, oncogene methylation, and P53 inactivation are a few of
themost well-studied potential biomarkers in BE, but so far, none
have proven efficacious enough to be incorporated into clinical

Figure 4.Receiver operator curve evaluating the performance of LGR5 as amarker for dysplasia (a) (area under the curve5 0.936 for percentage of LGR5-
positive crypts per high-power field and 0.881 for mean number of LGR5 transcripts per cell) and LGR5 as amarker predictor of dysplasia in nondysplastic
Barrett’s esophagus samples (b) (area under the curve5 0.738 for percentage of LGR5-positive crypts per high-power field and 0.674 formean number of
LGR5 transcripts per cell).

Table 6. Sensitivity and specificity of LGR5 as a predictor of progression to high-grade dysplasia/adenocarcinoma

LGR5 parameters Sensitive (%) Specificity (%) PPV (%) NPV (%)

LGR5 surface involvement 7.7 100 100 53.6

Percentage LGR5-positive crypts per HPF per

patient ($50%)

39.3 96.7 91.7 63.0

Mean no. of LGR5 transcripts per cell ($6) 32.1 86.7 69.2 57.8

LGR5 surface involvement OR percentage

LGR5-positive crypts per HPF per patient

($50%)ORmean no. of LGR5 transcripts per

cell ($6)

50 86.7 77.8 65

HPF, high-power field; NPV, negative predictive value; PPV, positive predictive value.
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guidelines (32). In this study, we evaluated LGR5 expression in
index nondysplastic BE biopsies as a predictive biomarker of
neoplastic progression in a well-defined cohort of patients who
either did (N5 28), or did not (N5 30), progress to high-grade
dysplasia or cancer on follow-up. We showed that the mean
percentage of LGR5-positive crypts per patient and the mean
number of LGR5 transcripts per cell were both very significantly
higher in BE biopsies of progressors, compared with non-
progressors. The sensitivity and specificity of these assays for
predicting progression were 50% and 87%, respectively.

RNA in situ hybridization represents a more reliable quanti-
tative platform than immunohistochemistry; the individual dots
represent mRNA transcripts; consequently, the quantitation
corresponds to the results of quantitative polymerase chain
reaction–based assays, with the advantage of limiting the analysis
to cells of interest. The availability of automated image analysis
platforms creates an objective tool for the quantification of LGR5
transcripts and thus a novel means of predicting risk of advanced
neoplasia (33,34). The results of our study showed excellent
correlation between manual and automated LGR5 quantitation,
which confirms that the automated platform may represent an
easier, more reliable and objective method of RNA in situ eval-
uation in a clinical context.

Up until now, little is known about LGR5 in BE development
and carcinogenesis. Prevailing wisdom suggests that BE arises
from stem cells capable of differentiating into gastric- and
intestinal-type epithelium. In fact, mouse studies have docu-
mented localization of LGR5-positive cells to the gastric cardia
and, as a result, have provided evidence for this epithelium as the
origin of BE, by documenting cell lineages related to esophageal
columnar metaplasia (19). The presence of LGR5 cells in the
human gastric cardia also supports both the “proximal migra-
tion” and the “wound-healing” model of BE pathogenesis.

This study has some limitations and strengths worthy of note.
Limitations include the retrospective nature of the study and the
relatively small number of patients studied, especially longitudi-
nally. By contrast, strengths included use of an automated di-
agnostic platform which promotes objectivity in the evaluation of
LGR5 expression, multiple independent and blinded expert pa-
thology confirmation which provides more confidence in the di-
agnoses, and long-term follow-up of our progressor study which
helps to rule out the possibility missed prevalent disease. Regard-
less, we feel that larger prospective studies should be performed of
both low- and high-risk patients, so the broader value of LGR5 as a
potential biomarker can be ascertained with certainty.

In conclusion, we documented, for the first time, the specific
localization and degree of LGR5 expression by RNA in situ

hybridization in BE and in various grades of dysplasia and
showed that its expression is useful for distinguishing nondys-
plastic BE from true dysplasia. The predictable increase in LGR5
expression from normal to low- and high-grade dysplasia, and
cancer, and its aberrant hierarchical pattern of expression in
neoplasia, supports its role as a marker of cancer stem cells in BE.
An increase in LGR5 expression that precedes morphologically
apparent dysplasia, and its positive relationship to neoplastic
progression, suggests that increased expression of LGR5 stem
cells can help identify high-risk BE patients clinically. Further
longitudinal outcome studies using a higher number of patients of
various risk categories should provide more information of the
potential utility of LGR5 as a more generalizable BE biomarker of
neoplastic progression.
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Study Highlights

WHAT IS KNOWN

3 The incidence of Barrett’s esophagus–related
adenocarcinoma is on the rise.

3 LGR5, the most robust intestinal stem cell marker, has been
purported to represent a marker of stem cells of the
gastrointestinal tract.

3 The expression of LGR5 in Barrett’s esophagus and
associated neoplasia is unknown.

WHAT IS NEW HERE

3 We identified qualitative and quantitative differences in LGR5
expression between nondysplastic and dysplastic Barrett’s
esophagus.

3 LGR5 expression was significantly increased in patients with
Barrett’s esophagus who progressed to high-grade dysplasia
or adenocarcinoma compared with those who did not on
follow-up.

3 The sensitivity and specificity of LGR5 for predicting
progression to high-grade dysplasia/adenocarcinoma were
50% and 87%, respectively.

Table 7. Comparison of automated and manual analysis of mean

number of LGR5 transcripts per cell

LGR5 parameter

Mean no.

of LGR5

transcripts per

cell (manual)

Meanno. of LGR5 transcripts per cell (automated) $6 ,6

$6 13 7

,6 0 38
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