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Abstract

Background. Hematoxylin is a basic histological stain which
stains nuclei. Apparently, it can be used with endoscopy to
diagnose malignant lesions due to their increased nucleus-to-
cytoplasm ratio. The aim of this study was to evaluate the use
of hematoxylin in the differentiation of gastric lesions.
Methods. Part 1. In a prospective study, a total of 70 different
gastric abnormalities were stained with 1% hematoxylin solu-
tion during upper endoscopy. Results of histological examina-
tions were compared with endoscopic findings. Part 2. During
a 5-day period, antral mucosa was stained with hematoxylin
in all patients (n = 26), independent of the upper endoscopy
results. Grades of stained mucosa were compared with the
proliferating cell nuclear antigen (PCNA) index, which was
examined using an immunohistochemical method. Part 3.
Gastric biopsies (total, 12) were obtained from the stained
and unstained areas within the limits of one lesion (total, 6)
after chromoscopy with hematoxylin and examined with
monoclonal (PCNA) antibodies.

Results. Using histological findings, the sensitivity and speci-
ficity of chromoendoscopy with hematoxylin for detecting
gastric neoplasia and adenocarcinoma were determined. A
significant positive correlation (r = 0.81; P < 0.001) was found
between the PCNA index and grade of endoscopic stained
mucosa. The PCNA index was increased in stained areas of
gastric abnormalities in comparison to unstained areas within
the limits of one lesion in all six patients.

Conclusion. Chromoendoscopy with hematoxylin increases
opportunities for precision biopsy. The grade of endoscopic
stained mucosa depends on epithelial cell proliferation and is
associated with malignancy. By using histology as the main
outcome, the sensitivity and specificity of chromoendoscopy
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with hematoxylin for diffuse staining in the detection of gastric
neoplasia and adenocarcinoma were 92.9% and 89.3%,
respectively.
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Introduction

The early detection of neoplasias (the precursors of
cancer) in asymptomatic persons offers a much better
outlook if detection and treatment occur at an early
stage. Often, early detection is triggered by screening
the application of a diagnostic procedure of a person
with neither signs nor symptoms of disease [1]. Chro-
moendoscopy or tissue staining is an “old” endoscopic
technique that has been used for decades [2]. “Chro-
moscopy” is a recently coined term, which denotes the
use of colored materials to enhance the accuracy of
endoscopic examination. In gastrointestinal endoscopy,
dyes or stains have primarily been utilized to enhance
the detection of diseased areas, to guide endoscopic
biopsies, and to obtain better visual diagnosis or char-
acterization of small abnormalities [3]. Hematoxylin is
a basic histological stain which stains nuclei. The most
useful cationic dye is derived from hematoxylin, a dye
extracted from the heartwood of a Central American
tree. Hematein is produced by oxidation, and this, when
mordanted with Al, Cr, or Fe forms a useful dye, com-
monly referred to as “hematoxylin” [4]. Despite the
existence of many described dyes, there is no work
studying the effectiveness of chromoendoscopy with
hematoxylin.

Apparently, hematoxylin can be used with endoscopy
to diagnose malignant lesions because of their increased
nucleus-to-cytoplasm ratio. The aim of this study was to
evaluate the use of hematoxylin in the differentiation of
gastric lesions.
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Patients, materials, and methods

All endoscopic examinations were performed after
obtaining permissions from patients. The first lesion
stained by hematoxylin was histologically described
gastric adenocarcinoma. We used hematoxylin with
brown tint (Mayer). Then we observed adequate stain-
ing, but there was an absence of contrast between the
mucosa and the stain. Hence, subsequently, we used
deep-purple hematoxylin (Weigert) only [5].

All endoscopic procedures were performed by a
single endoscopist with a fiberendoscope (GIFQ30;
Olympus, Tokyo, Japan) connected with a camera and
videoendoscope (EVE-W88A; Fujinon, Tokyo, Japan).
A catheter (Olympus) was used to spray reagents onto
the gastric mucosa, in the following order: 5% sodium
carbonate solution, 1% hematoxylin solution, and after
1min, intensive water irrigation.

The volume of each reagent depended on the size of
the abnormalities (from 2 to 4ml of hematoxylin solu-
tion). All examinations were videotaped and photo-
graphed. The overall hematoxylin staining pattern on
the mucosa was classified into three groups: group A,
no appreciable staining; group B, patchy (Fig. 1); and
group C, diffuse (Fig. 2).

Part 1

A total of 69 patients with 70 various gastric abnormali-
ties participated in a prospective study between April
2004 and January 2005 (Table 1).

Gastric lesions were localized in the antrum (58),
body (8), and cardia (4). Exclusion criteria for our study
were earlier diagnosed adenocarcinoma and refusal of
a patient. Biopsy specimens were obtained from hema-
toxylin-stained areas as well as hematoxylin-unstained
areas. From 6 to 8 specimens were taken from each
lesion with standard biopsy forceps (FB-24E-1;
Olympus). Formalin-fixed samples were stained with
H&E. Using the Vienna classification of gastrointesti-
nal epithelial neoplasia [6], the results of histological
examinations were compared with endoscopic
findings.

Part 2

In a prospective 5-day study, antral mucosa was
stained with 1% hematoxylin solution in all patients,
independent of upper endoscopy results (total, 26

Table 1. Gastric lesions included in the study

adults). All endoscopic procedures were performed
by a single endoscopist. Biopsy specimens were
obtained from all patients, from stained mucosa as
well as unstained antral mucosa. Specimens were fixed
in 10% buffered formaldehyde solution, embedded in
paraffin, and stained immunohistochemically with
monoclonal proliferating cell nuclear antigen (PCNA)
antibodies.

Immunohistochemical (IHC) staining was performed
using the standard avidin-biotin peroxidase complex

Fig. 1. Endoscopic image of patchy staining of antral mucosa,
which is maintained after intensive water irrigation

Fig. 2. Endoscopic image of diffuse hematoxylin staining of
antral mucosa. Histological examination showed low-grade
cancer

Nodules Polyps Friable mucosa

Erosions Ulcers Scars Total

24 6 6

17 11 6 70
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(ABC) method with a Vectastain ABC Elite kit (Vector,
Burlingame, CA, USA). Serial sections were deparaf-
finized, and after endogenous peroxidase activity was
blocked with 3% hydrogen peroxide in distilled water
for Smin, the sections were microwaved in citrate buffer
(pH 6.1) for 30min for antigen retrieval. Nonspecific
binding was blocked with 5% normal horse serum in
phosphate-buffered saline (PBS) at room temperature
for 30min. Incubation was performed with anti-mouse
human PCNA (clone PC 10) monoclonal antibody
(Dako, Copenhagen, Denmark) at 1:200 dilution. Sec-
tions of tissue known to be positive were used as con-
trols. For negative controls, exposure to the primary
antibody was omitted. Color was developed using 3, 3’-
diaminobenzidine, and microscopic evaluation was per-
formed in a blind fashion without knowledge of the
patient group.

Quantitative estimation of IHC was performed
according to a system for the evaluation and grading of
immunostaining patterns with multiple values for extent
and intensity, giving index values of 0 to 9 [7]. The
extent of staining was scored on a semiquantitative scale
of 0 to 3, using the following criteria: 0, no detectable
staining; 1, less than 10% scattered cells; 2, more than
10% but less than 50% stained cells; 3, homogeneous
staining in more than 50% of cells. The intensity of
staining was similarly scored: 0, no detectable staining;
1, weakly stained nuclei; 2, moderately stained nuclei;
3, strongly stained nuclei. Final indexes were derived
from the multiplication of extent by intensity.

Grades of hematoxylin-stained mucosa were com-
pared with epithelial cell proliferation, which was exam-
ined in superficial gastric epithelium (Fig. 3).

Part 3

Gastric biopsies (total, 12) were obtained from six
patients in the prospective study. The patients had
different abnormalities (ulcers, erosions, nodules)

diagnosed during upper gastrointestinal endoscopy.
Specimens for pathological examinations were obtained
from the hematoxylin-stained area and the hematoxy-
lin-unstained area within the limits of one lesion. The
origin of the specimens was unknown to the pathologist.
In all cases, IHC staining with monoclonal PCNA anti-
bodies was done by using the described methodology.
The PCNA index was compared in stained and unstained
areas within the limits of one lesion.

Results

Part 1

Between May 2004 and May 2005, 69 patients with 70
different gastric abnormalities were studied. Of the 69
patients, 28 (40.6% ) were women and 41 (59.4%) were
men; the patients’ mean age was 53 years (range, 23-92
years). It was estimated that the technique added
between 3 and Smin to the length of the examination.
Six patients complained about a change of stool color
(greenish hue) during the next day. There were no other
side effects or complications after chromoendoscopy.
Histological findings are shown in Table 2.

Using histology as the main outcome (Fig. 4), the
sensitivity and specificity of chromoendoscopy with
hematoxylin for diffuse staining in the detection of
gastric neoplasia and adenocarcinoma were 92.9%
[95% confidence intervals (CI), 79.5% to 106.3%] and
89.3% (95% CI, 28.7% to 149.9%), respectively. The
positive predictive value was 68.4% (95% CI, 47.5%
to 89.3%), and the negative predictive value was
98% (95%, CI 94.2% to 101.8%) and the likelihood
ratio for a positive result was 8.68. A significant
positive correlation (Pearson coefficient 0.64; P <
0.001) was found between grade of endoscopic
hematoxylin-stained mucosa and gastric neoplasia and
adenocarcinoma.

Table 2. Results of histological examinations compared with grade of endoscopic stained mucosa

Group A Group B Group C Total
Inflammatory changes 6 5 1 12
Foveolar hyperplasia 2 10 12
Ulcer 2 2 4
Erosion 1 12 1 14
Scar 4 1 5
Adenoma 8 1 9
Low-grade intraepithelial neoplasia 1 8 9
High-grade intraepithelial neoplasia 2 2
Low-grade cancer 1 1
Intermediate cancer 1 1
High-grade cancer 1 1
Total 9 42 19 70
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Fig. 3. Histological features of tissue with high proliferating
cell nuclear antigen (PCNA) index. There are more than 50%
scattered cells, and strongly stained nuclei are present in
superficial gastric epithelium. X100

Part 2

In the 26 patients, the endoscopic hematoxylin-staining
pattern on the mucosa was classified into: group A (3),
group B (17), and group C (6). The PCNA index
was lowest in the unstained mucosa and highest in the
diffusely stained mucosa (Table 3).

A significant positive correlation (Pearson coefficient
0.81; P < 0.001) was found between the PCNA index
and the grade of endoscopic hematoxylin-staining. The
Pearson coefficient between the intensity and extent of
the PCNA index and the grade of staining was 0.77 and
0.73, respectively (P < 0.001 and P < 0.001).

In our patients we did not observe a correlation
between the PCNA index and age (r=-0.028; P > 0.05),
or between the PCNA index and sex (r = —0.21;
P> 0.05).

Part 3

The PCNA index was found to be increased in the
hematoxylin-stained areas of gastric abnormalities in
comparison to the hematoxylin-unstained areas within
the limits of one lesion in all six patients (Table 4).

Discussion

Compared to other evolving diagnostic modalities such
as fluorescence spectroscopy, fluorescence endoscopy,
and optical coherence tomography, chromoendoscopy

Fig. 4. Histological examination showed
low-grade cancer. Hematoxylin and eosin,
x400
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Table 3. PCNA expression compared with grade of endoscopic stained mucosa

Age Grade of stained
Patient (years) Sex Gastric lesion mucosa PCNA: intensity PCNA: extent PCNA: index
1 66 M Nodule B 2 3 6
2 39 F Normal A 1 1 1
3 52 F Erosion B 1 1 1
4 42 M Nodule B 2 1 2
5 61 M Erosion B 1 1 1
6 32 M Erosion B 1 2 2
7 27 M Nodule C 3 3 9
8 53 M Friable B 2 2 4
9 40 M Normal B 1 1 1
10 65 F Nodule B 2 1 2
11 45 F Scar B 1 1 1
12 28 F Erosion B 1 1 1
13 24 M Normal A 1 1 1
14 24 M Erosion B 2 1 2
15 48 M Normal A 1 1 1
16 30 M Erosion B 1 2 2
17 52 M Nodule B 1 1 1
18 38 M Ulcer C 3 3 9
19 44 F Nodule B 2 1 1
20 31 M Erosion C 3 3 9
21 67 M Erosion B 1 1 1
22 63 M Nodule B 2 1 2
23 55 F Erosion C 3 3 9
24 67 M Scar C 3 2 6
25 57 F Nodule B 2 1 2
26 52 M Ulcer C 2 3 6

Table 4. Comparison of PCNA indexes in stained and unstained areas within the limits

of one lesion

PCNA: intensity PCNA: extent PCNA: index
Stained Unstained Stained Unstained Stained Unstained

1 2 1 1 1 2 1
2 3 3 3 2 9 6
3 3 2 3 3 9 6
4 3 1 2 1 6 1
5 2 1 1 1 2 1
6 2 2 3 2 6 4

is an effective technique already available to the
endoscopist to improve visualization and diagnosis. It is
simple, quick, widely available, inexpensive, and free of
adverse effects. It is useful in both clinical practice and
endoscopic research [8]. Recent video endoscope models
with high resolution are suitable for the early detection
of the nonprotruding precursors of advanced cancer.
However, the proportion of false-negative procedures is
far from zero. Nonprotruding depressed 0-1Ic neoplastic
lesions are invariably neglected if endoscopists do not
bear in mind the discolored spots that correspond to
these lesions and if chromoendoscopy is not routinely
used [9]. False-negative findings in gastroscopy for early
gastric cancer have recently been estimated at 19% in
Japan [10]. Moreover, high-resolution endoscopy with

known stains is not an inexpensive method and demands
additional time for examination of the stained mucosal
surface. Previously, there was no simple method for the
detection of gastric neoplasia (such as Lugol solution for
esophageal mucosa). Our experience of chromoendos-
copy with hematoxylin shows very easy interpretation
of the pattern. This method may be used with all models
of endoscopes with equivalent effective results. It con-
firms a high level of sensitivity and specificity of diffuse
staining for detecting gastric neoplasia and adenocarci-
noma. In our work we did not aim to study the effective-
ness of conventional endoscopic observation in the
detection of gastric neoplasia. We examined the correla-
tion between the results of chromoendoscopy with
hematoxylin and pathology reports.
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For examination of the connection between chromo-
endoscopy with hematoxylin and cancerogenesis, we
used an immunohistochemical (IHC) method with
PCNA antigens. PCNA was originally identified by
immunofluorescence as a nuclear protein whose appear-
ance correlated with the proliferative state of the cell.
A cell cycle-dependent protein described by Bravo
(called cyclin) was shown to be identical to PCNA. The
PCNA protein has been highly conserved during evolu-
tion; the deduced amino acid sequences of rat and
human PCNA differ by only 4 of 261 amino acids [11].
Travali et al. [12] have shown that the human PCNA
gene is present in a single copy and has six exons.

PCNA is required for the replication of SV40 DNA
in vitro and has been identified as the auxiliary protein
(cofactor) for DNA polymerase delta. Unlike DNA
polymerases alpha, beta, and gamma, DNA polymerase
delta has exonuclease activity. Because the exonuclease
activity is in the 3-primeto-5-prime direction, DNA
polymerase delta has proofreading activity and is
expected to play a significant role in the maintenance of
the fidelity of mammalian DNA replication [11]. Prolif-
erating cell nuclear antigen (PCNA) is an essential
protein for both DNA replication and DNA repair [13].
DNA polymerase delta proofreading suppresses spon-
taneous tumor development and strongly suggests that
unrepaired DNA polymerase errors contribute to can-
cerogenesis [14]. However, some publications have
noted PCNA positivity in necroinflammatory disorders,
something which is difficult to explain solely on the
basis of cell proliferation [15, 16].

Many research examples have shown significantly
higher PCNA indexes in gastrointestinal tumors than in
benign diseases [17-19]. This observation is also true for
gastric adenocarcinoma [20-22]. Moreover, the PCNA
index is an important prognostic marker for advanced
gastric cancers [23], for the metastatic potential of
gastric cancers [24], for survival [25], and for a high
grade of tumor malignancy [26]. Matturri et al. [25] and
Wu et al. [27] concluded that PCNA index may be
useful in predicting the aggressiveness of a tumor and
in identifying patients in need of additional periopera-
tive therapies. In an examination of 71 surgically
removed specimens from patients with gastric cancer,
abnormal expressions of PCNA were associated with
malignant potential, lymph node metastasis, and clinical
stage [28]. However, in all known research, authors
have used only the parameter of extent for the estima-
tion of PCNA expression. In our study, the parameters
of extent and intensity were used. This makes the PCNA
index (of 0 to 9) more informative. In 841 patients who
had undergone gastrectomy for gastric cancer at Seoul
National University Hospital, a PCNA index of 50 or
more was positively correlated with older age, male sex,
larger tumor size, and well-differentiated histology [22].

In our patients we did not observe a correlation of the
PCNA index with age or sex. Data on the influence of
Helicobacter pylori infection on the PCNA index are
inconsistent. One author shows that in the case of an
infection, a high PCNA index is observed [29, 30], while
others do not find such dependence [31]. In our work
we did not aim to study the influence of H. pylori infec-
tion on the PCNA index. We examined the correlation
between the results of chromoendoscopy and the PCNA
index only.

We found differences between the PCNA indexes
in the stained and unstained areas within the limits of
one lesion in all cases, which can testify to a positive
role of chromoendoscopy with hematoxylin in precision
biopsy.

Although there was a good correlation between stain-
ing and neoplasia when specific lesions were examined
in our first part of experiments, there were a number of
false-positives in the second part of experiments where
there was unselected mucosa and especially so where
the unselected mucosa contained a nodular lesion and
an erosion. These discrepancies suggest that more
extensive prospective analysis of this technique would
be desirable.

Conclusion

The grade of hematoxylin-stained mucosa depends
upon epithelial cell proliferation and is associated
with malignancy. Chromoendoscopy with hematoxylin
increases the opportunity for precision biopsy of gastric
abnormalities.
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Hematoxylin is a natural extract from the heartwood
of the tree Haematoxylum campechianum. Despite
common use of hematoxylin in histological routine, it is
not itself the dye. It is usually converted into hematein
with a chemical oxidizing agent and is used together
with a mordant, the two most common being aluminum
or iron. The cationic complex of hematein and the
mordant binds to anionic nuclear chromatin as the most
frequently stained tissue component. An aluminum
mordant is used in the hematoxylin and eosin general
method (Meyer’s method), and ferric salts are used for
acid-resistant nuclear staining. The latter, Weigert’s
iron hematoxylin solution [2], which usually includes
hematoxylin, hydrochloride, ferric chloride, and alco-
hols, was used for chromoendoscopic vital staining in
the study by Mouzyka and Fedoseeva.
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Information on the effects on human health from
exposure to hematoxylin is limited, and quantitative
toxicology has not been thoroughly investigated, prob-
ably because applying it in vivo has not been con-
sidered. It may cause irritation to the eye, skin, and
respiratory tract, and large oral doses irritate the gas-
trointestinal tract. Generally, hazardous effects of
hematoxylin itself are unlikely when it is used at low
concentration and is handled appropriately, although
they cannot be completely excluded. The International
Agency for Research on Cancer and the National Toxi-
cology Program list the substance as neither a toxic
agent nor a carcinogen. Because it is used for staining
as a mixture, the hazardous effects of other ingredients
such as metallic salts or the organic solvent should also
be considered, depending on composition and quantity.
The lethal dose of Weigert’s solution is not available in
most material safety data sheets, but some report its
oral LD50 as 900 mg/kg or >10 g/kg [3].

To date, several dyes, e.g., indigo carmine, methylene
blue, Congo red, and others, have been applied in the
stomach to detect and delineate gastric intestinal meta-
plasia, dysplasia, and early cancer. Chromoendoscopy
is perceived to be a safe procedure, with the stains
considered to be nontoxic at the concentrations used.
Recently, methylene blue has been shown to induce
oxidative DNA damage when exposed to white light in
Barrett’s esophagus [4], although there have been no
reports of clinically relevant toxicity or enhanced cancer
risk associated with this agent. No significant local or
systemic toxicity has been reported with the topical use
of other staining agents; however, none of them has
been specifically cleared by the Food and Drug Admin-
istration for performance of chromoendoscopy [5].

Although there are a few potential risks, sufficient
data exist to support the use of chromoendoscopy in the
management of early gastric cancer. Therefore, chro-
moendoscopy is commonly used in tertiary referral

centers around the world and even in general hospitals
in Japan; however, it is otherwise not currently in wide-
spread use in the rest of the world. Potential barriers to
the widespread use of chromoendoscopy include per-
ceptions of its inefficiency and exorbitant cost, lack of
standardized training in techniques, and a deficiency of
high-quality comparative studies. There is a need to
build consensus on the techniques, interpretation of
findings and terminology, in addition to proving its effi-
cacy and reproducibility in high-quality, randomized,
controlled trials before it can be incorporated into
routine practice worldwide.

In summary, in order to establish the feasibility of
hematoxylin chromoendoscopy, further investigation
into its safety and relevance to significant clinical
outcome are anticipated. When we use chromoendos-
copy with hematoxylin in a clinical setting, informed
consent should be obtained from patients and approval
from institutional review boards may be required, as the
potential hazards need to be balanced with possible
benefits.
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