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Abstract: Aim: Expression of the oncofetal protein insulin like growth factor II messenger ribonucleic acid binding 
protein 3 (IMP3) has been shown to differentiate between benign and malignant lesions in several tissues. Our aim 
was to assess the immunohistochemical expression of IMP3 in inflammatory and neoplastic lesions of the gastric 
mucosa and to determine whether IMP3, alone or in combination with p53, could be used for identifying neoplasia 
of the gastric mucosa. Methods: IMP3 and p53 immunohistochemistry was performed on 57 cases of gastritis, 28 
cases of dysplasia of the gastric mucosa and 63 cases of gastric carcinomas. Focal IMP3 positivity was detected 
in 86% of non-neoplastic lesions of the gastric mucosa. Using a simple product score (PS), 96% of non-neoplastic 
lesions of the gastric mucosa were assessed as IMP3(PS) negative. None of the low-grade dysplasia but 83% of 
high-grade dysplasia were IMP3(PS) positive. Gastric carcinomas showed IMP3(PS) positivity in 65%. Adding p53 
to the diagnostic panel increased sensitivity significantly. Conclusion: High-grade dysplasia and gastric carcinomas 
can be distinguished from low-grade dysplasia and inflammatory lesions of the gastric mucosa with a high specificity 
and good sensitivity using a combination of the immunohistochemical markers IMP3 and p53.
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Introduction

Gastric cancer accounts for 7.8% of cancers 
worldwide. Although both the incidence and the 
mortality of gastric cancer have decreased in 
the last 15 years, it is still the fourth most com-
mon cancer and ranges in second place of the 
most common cancer related deaths [1, 2]. The 
most important causative factor of gastric can-
cer is helicobacter pylori infection [3]. The stage 
of gastric cancer is still the most reliable prog-
nostic indicator. It is therefore essential to 
make the diagnosis of gastric cancer at an 
early stage. Consequently, the accurate and 
safe diagnosis of gastric cancer and premalig-
nant lesions of the gastric mucosa in biopsy 
material plays a vital role. However, problems 
often arise in routine pathologic workup of gas-
tric biopsies, as it is often difficult to differenti-
ate between neoplastic and reactive/regenera-
tive changes of the gastric mucosa. The identi-
fication of sensitive and specific immunohisto-

chemical markers for the detection of invasive 
and intraepithelial neoplasia of the gastric 
mucosa is therefore very desirable.

One potential candidate in this context is the 
human insulin-like growth factor (IGF) II mRNA 
binding protein (IMP3). IMP3, originally named 
“KH domain containing protein overexpressed 
in cancer (KOC)”, plays an important role in 
early human embryogenesis, but is commonly 
expressed only at low levels in adult tissues [4, 
5]. As of now, little is known about the function 
of IMP3. However, research has shown that 
IMP3 immunohistochemistry can be employed 
to differentiate between benign and malignant 
lesions in tissues as diverse as the skin [6, 7], 
the uterine cervix [8, 9], the pancreas [10, 11] 
and the mesothelium [12, 13].

So far, IMP3 has only been examined in two 
series of gastric carcinomas. In their studies, 
Okada et al and Wang et al demonstrated that 
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IMP3 expression in gastric carcinomas corre-
lates significantly with worse overall survival 
and recurrence free survival [14, 15]. However, 
the setup of the studies was aimed at analyzing 
the prognostic relevance of IMP3 expression 
and its correlation with clinicopathological 
parameters, with little (Wang et al) or no data 
(Okada et al) being provided about IMP3 
expression in inflammatory and reactive gastric 
lesions. 

Another interesting marker in this context is the 
tumor suppressor gene p53. P53 is the most 
important negative regulator of the cell cycle 
[16]. Mutation of p53 can lead to a loss of its 
tumour suppressor activity, making mutated 
p53 an important factor in tumour genesis. It 
has been estimated that p53 is mutated in 
50% of human cancers [17]. Several studies 
have analyzed the expression of p53 in gastric 
cancer, with the percentage of p53 positive 
cancers ranging between 27.4% and 50%, 
regardless of histological subtype [18-21]. 
Considering this data, p53 lacks adequate sen-
sitivity to be the sole marker in the immunohis-
tochemical detection of gastric neoplasia. 
However, it might be a helpful auxiliary marker.

In this study, we examined the expression of 
IMP3 and p53 in non-neoplastic, inflammatory 
lesions of the gastric mucosa and in intraepi-
thelial and invasive neoplastic lesions of the 
gastric mucosa. The value of IMP3 as a marker 
for differentiating between reactive inflamma-
tory lesions and neoplastic lesions of the gas-
tric mucosa was assessed statistically; in doing 
so it was determined whether diagnostic sensi-
tivity and specificity could be improved by con-
sidering both IMP3 and p53 expression.

Materials and methods

33 cases of gastric carcinoma, intestinal type 
(18 surgical resection specimens, 15 biopsies), 
30 cases of gastric carcinoma, diffuse type (12 
surgical resection specimens, 18 biopsies), 16 
cases of low grade dysplasia of the gastric 
mucosa (all biopsies), 12 cases of high grade 
dysplasia of the gastric mucosa (6 surgical 
resection specimens, 6 biopsies), as well as 20 
cases of autoimmune chronic gastritis (Type A, 
all biopsies), 20 cases of Helicobacter pylori 
induced gastritis (Type B, all biopsies) and 17 
cases of reactive gastritis (Type C, all biopsies) 
were retrieved from the archives of the Institute 
of Pathology of the University Clinic Erlangen. 
The cases were selected from the time period 

between 2008 and 2011. Patients with prior 
radiotherapy or chemotherapy were excluded 
from the study. The study was covered by the 
ethical votum of the medical faculty of the 
University of Erlangen-Nuremberg. For routine 
histological workup, the tissue specimens had 
been fixed in 4% buffered formalin and embed-
ded in paraffin. The Hematoxylin-Eosin (HE) 
-stains of the surgical specimen cases were 
screened and one representative paraffin block 
of the lesion was selected for the study in each 
case.

Immunohistochemistry with IMP3 (Dako, clone 
69.1, dilution 1:100) and p53 (Dako, clone 
DO-7, dilution 1:50) was performed on 1 µm 
sections all of the selected paraffin blocks 
using the fully automated slide preparation sys-
tem “Benchmark XT System” (Ventana Medical 
Systems Inc, 1910 Innovation Park Drive, 
Tucson, Arizona). Tonsil tissue and Barrett’s 
mucosa with high grade dysplasia were 
employed as positive controls for IMP3 and 
p53 immunohistochemistry respectively. Addi- 
tionally, one 5 µm section per selected block 
was stained with HE.

All histochemical and immunohistochemical 
analyses were performed independently by two 
surgical pathologists (MOR and JDS). In cases 
of divergent diagnoses, the specimens were 
reassessed by the two pathologists until con-
sensus was achieved.

The lesion type was determined in the standard 
HE stain. For the diagnosis of dysplasia and 
invasive neoplasia of the gastric mucosa, the 
diagnostic criteria as detailed by the WHO were 
employed [22]. In the categories of invasive 
lesions and dysplastic lesions, biopsy samples 
and surgical resection samples were first 
regarded separately and later pooled for statis-
tical analysis as detailed in the results section. 

IMP3 staining was assessed by determining 
the percentage of IMP3 positive epithelial cells 
and the intensity of the IMP3 stain within the 
lesion. The percentage of IMP3 positive epithe-
lial cells in relation to the whole of the lesion 
was documented on a continuous scale.

The staining intensity was evaluated on an ordi-
nal scale using a 4-tiered grading system, “0” 
being a negative result, “1” a weak staining evi-
dent only in high magnification (400x), “2” a 
moderate staining readily visible on low magni-
fication (200x) and “3” a strong membranous 
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and/or cytoplasmic staining readily visible on 
low magnification (200x) (Figure 1). A product 
score was then calculated using the percent-
age of IMP3 positive cells and the degree of 
staining intensity (Product score = percentage 
of IMP3 positive cells x staining intensity). 

P53 was also analyzed in all of the lesions. Only 
a strong nuclear positivity was accepted as a 
positive stain (Figure 2). The p53 stain was 
graded either as “positive” or as “negative”, 

with the values “1” or “0” 
being awarded accordingly. 
Since positive cases showed 
p53 positivity in at least 10% 
of tumor cells, the percentage 
of p53 positive cells was not 
taken into account in the 
assessment of the p53 
immunostain.

Statistical analysis

In the categories “dysplasia” 
and “gastric carcinoma” mul-
tiple samples from individual 
patients were included (low 
grade dysplasia: 16 patients 
with 17 lesions; high grade 
dysplasia: 12 patients with 14 
lesions; gastric carcinoma, 
intestinal type: 33 patients 
with 35 lesions, gastric carci-
noma, diffuse type: 30 
patients with 31 lesions). To 
maintain independence of 
observations, the arithmetic 
average of multiple samples 
was computed in these cases. 
In the categories high-grade 
dysplasia, gastric carcinoma, 
intestinal type and gastric car-
cinoma, diffuse type the two 
sample Wilcoxon test was 
used to compare biopsy sam-
ples and resection samples 
regarding IMP3 expression. 
With regard to p53 Fisher’s 
exact test was applied for the 
same question. Receiver oper-
ating characteristic (ROC) 
curve analysis was employed 
to identify the cutoff values 
for the product score which 

Figure 1. IMP3 staining intensity in gastric adenocarcinomas, 200x magnifi-
cation. A, B: IMP3 staining intensity grade 0 (A: HE, B: Immunohistochemistry 
with IMP3); C, D: IMP3 staining intensity grade 1 (C: HE, D: Immunohisto-
chemistry with IMP3); E, F: IMP3 staining intensity grade 2 (E: HE, F: Immu-
nohistochemistry with IMP3); G, H: IMP3 staining intensity grade 3 (G: HE, H: 
Immunohistochemistry with IMP3).

yielded the best values for specificity and 
sensitivity.

Generally, for comparing categories and cate-
gory combinations, the unpaired or paired 
Wilcoxon test was utilized for quantitative traits 
and the chi2-test, Fisher’s exact test, or the 
Cochran-Armitage trend test for contingency 
tables, as appropriate.

Tests with p-values < 0.05 were termed statisti-
cally significant. In general, proportions given 
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(%) refer to patients rather than specimens. 
The R language and statistical environment 
was used to perform statistical analysis of the 
data.

Results

IMP3 staining in resection specimens and bi-
opsies

No numerically remarkable or statistically sig-
nificant difference was found between biopsy 
specimens and resection specimens in the cat-
egories high-grade dysplasia, gastric carcino-
ma, intestinal type and gastric carcinoma, dif-
fuse type (IMP3(PS) positivity high grade dys-
plasia: biopsies 4/6, resection specimens 6/6; 
gastric carcinoma intestinal type: biopsies 
11/15, resection specimens 14/18; gastric 
carcinoma diffuse type: biopsies 10/17, resec-
tion specimens 6/13). The resection speci-
mens and biopsy specimens of the respective 
categories were consequently pooled for fur-
ther statistical analysis.

IMP3 staining pattern in non-neoplastic le-
sions of the gastric mucosa

Focal IMP3 positivity in patches of adjacent 
foveolar epithelial cells could be found in 86% 
of cases with manifest gastritis (all cases: 86%, 
type A gastritis: 95%, type B gastritis: 85%, type 
C gastritis: 76%). 

The glandular epithelium of 
the antrum and corpus didn’t 
display significant IMP3 posi-
tivity. Intestinal metaplasia 
was found in 32 of the exam-
ined gastritis cases (type A: 
13 cases, type B: 2 cases, 
type C: 17 cases). Mostly, the 
areas with intestinal metapla-
sia were negative for IMP3, 
with only 5 cases demonstrat-
ing IMP3 positivity within 
intestinal metaplasia.

The IMP3 positivity observed 
in non-neoplastic gastric mu- 
cosa showed several charac-
teristics clearly divergent from 
the IMP3 positivity in dyspla-
sia and gastric carcinoma. 
IMP3 staining in neoplastic 
lesions of the gastric mucosa 
is characterized by a diffuse, 

Figure 2. p53 staining score in gastric adenocarcinomas, 400x magnifica-
tion. A, B: Score 0, negative (A: HE, B: Immunohistochemistry with p53); C, D: 
Score 1, positive (C: HE, D: Immunohistochemistry with p53).

non-polarized cytoplasmic and/or membranous 
positivity.

In contrast, IMP3 positivity in normal and reac-
tive gastric mucosa is of a linear, patchy nature, 
encompassing continuous stretches of up to 
several hundred epithelial cells (Figure 3). The 
IMP3 stain is usually moderate to strong in 
these cases and can be both cytoplasmic and 
membranous. Because of the structure of the 
normal, apically vacuolated foveolar cell, IMP3 
positivity is located in the basal portion of the 
cell, leading to a “polarized” staining pattern.

Apart from the columnar cells of the gastric 
mucosa, IMP3 could also be detected in neuro-
endocrine cells and in cells of follicular germ 
centres. IMP3 positivity in neuroendocrine cells 
was mostly membranous and significantly 
weaker than in the IMP3 positive patches of 
normal and reactive gastric epithelium.

This finding is in accordance with our previous 
observation of IMP3 positivity in neuroendo-
crine cells of the islet of Langerhans in the 
pancreas.

IMP3 staining in dysplasia and carcinomas of 
the gastric mucosa

63% of low grade dysplasia were completely 
negative for IMP3. Looking at the other individ-
ual staining score categories, 37% of low grade 
dysplasia showed IMP3 positivity up to score 
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“1” or “2”, and 0% showed IMP3 staining inten-
sity score “3”.

Amongst the cases of high grade dysplasia of 
the gastric mucosa, an IMP3 staining intensity 
score “1” and “2” was recorded in 17% respec-
tively, with score “3” documented in 75%. There 
was only one case with completely negative 
IMP3 staining. 

Gastric carcinoma, intestinal type showed an 
IMP3 staining score of “0” in 9%, “1” in 21%, 
“2” in 27% and “3” in 43% of all cases. 

Gastric carcinoma, diffuse 
type displayed score “0” in 
30%, score “1” in 20%, score 
“2” in 23% and score “3” in 
27% of all cases.

All in all, of 63 examined inva-
sive gastric carcinomas 26 
cases (41%) showed a homog-
enous IMP3 staining pattern 
(completely IMP3 positive: 14 
cases, completely IMP3 nega-
tive: 12 cases). 37 cases 
(59%) showed a heterogenous 
IMP3 staining pattern, with 
patches of IMP3 positive 
tumour cells being located 
next to patches with IMP3 
negative tumour cells (17 
cases (27%) with IMP3 positiv-
ity in more than 50% of the 
tumour cells and 20 cases 
(32%) with IMP3 positivity in 
less than 50% of the tumour 
cells). In the cases with a 
mixed staining pattern, differ-
ent IMP3 staining intensities 
were also seen. Due to the dif-

Figure 3. Typical IMP3 immunoreactivity in a case with type B gastritis. A: 50x magnification; B: 100x magnification; 
C: 200x magnification.

Figure 4. Receiver Operating Characteristic (ROC) curve with pointwise 95% 
confidence interval for gastritis A, B, C versus low grade dysplasia, high grade 
dysplasia and gastric carcinoma: best cutoff-value based on the largest dis-
tance of (1-specifity, sensitivity) from the angle bisector.

fuse nature of the mixed staining pattern and 
the intermingling of IMP3 positive and IMP3 
negative tumour cells the IMP3 expression 
must be described as heterogenous in these 
cases. 

Additionally, IMP3 expression was analyzed 
separately in the tumour centre and in the 
tumour invasion front in the resection speci-
mens (30 cases). In 25 cases (83%) there was 
no discernible difference regarding the immu-
nohistochemical IMP3 expression in these two 
tumour components. In only 5 cases (17%) 
slight differences were found between the 
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tumor center and the invasion front. All in all, 
there is no significant difference between IMP3 
expression in the tumor center and at the inva-
sion front in our collective. 

IMP3 product score and cutoff value

Due to the high percentage of non-neoplastic 
lesions of the gastric mucosa showing patchy 
IMP3 positivity, a product score (PS, as 
described in the Materials and Methods sec-
tion) was employed in order to obtain a better 
differentiation between neoplastic and non-
neoplastic lesions. 

With the aid of ROC curves, a product score of 
30 was determined as the cutoff value which 
yields the best trade-off between specificity 
and sensitivity when considering the sum of 
both (Figure 4). Using this score, focal IMP3 
positivity translating into a score of 30 or less is 
classified as a negative result. 

Applying the product score to the three catego-
ries of gastritis, only 4% of the cases showed 
IMP3(PS) positivity (2/57). 

With regard to dysplasia of the gastric mucosa, 
none of the cases of low-grade dysplasia yield-
ed a positive result with the product score 
(0/16).

In contrast, 83% of the cases of high grade dys-
plasia were positive for IMP3 as determined by 
the product score (10/12) (Table 1) (Figure 5).

Mixed results were obtained for invasive gastric 
carcinomas using the product score. Gastric 
carcinoma intestinal type stained positively for 
IMP3(PS) in 77% of the cases (25/33). Gastric 
carcinoma diffuse type were IMP3(PS) positive 
in 53% of the cases (16/30). 

Tumour grade and IMP3 positivity (PS)

Gastric carcinomas with good differentiation 
(G1) were IMP3(PS) positive in 80% (4/5), gas-
tric carcinomas with moderate differentiation 
(G2) were IMP3(PS) positive in 81% (13/16) and 
poorly differentiated gastric carcinomas (G3) 
were IMP3(PS) positive in 57% of the cases 
(24/42) (Table 1). Regarding tumour type, grade 
G3 Gastric carcinoma intestinal type show 
IMP3 positivity in 67% of cases (8/12) whereas 
gastric carcinomas diffuse type, which are by 
definition grade G3, are IMP3(PS) positive in 
53% of cases (16/30) (Table 1).

The data does not show a trend of more fre-
quent IMP3 product score positivity with pro-
gressive dedifferentiation. On the contrary, 
there is a slight decrease in IMP3 positive 
cases when comparing grade G1 and G2 gas-
tric carcinomas with grade G3 gastric 
carcinomas. 

IMP3 sensitivity and specificity

IMP3(PS) sensitivity and specificity ranged at 
0.56 and 0.96 respectively when comparing 

Table 1. Tumor grade in dysplasia and carcinoma of the gastric mucosa and IMP3/p53 immunohisto-
chemistry
Category IMP3 product score P53

N Positive (%) Negative (%) Positive (%) Negative (%)
Low grade dysplasia of the gastric mucosa 16 0 (0) 16 (100) 2 (13) 14 (87)

High grade dysplasia of the gastric mucosa 12 10 (83) 2 (17) 7 (58) 5 (42)

Low grade vs. high grade dysplasia of the gastric mucosa Fisher Test: p = 5.0-06 Fisher Test: p = 0.017

Invasive gastric adenocarcinoma, both diffuse and intestinal type All grades 63 41 (65) 22 (35) 29 (46) 35 (56)

G1 5 4 (80) 1 (20) 1 (20) 4 (80)

G2 16 13 (81) 3 (19) 10 (63) 6 (37)

G3 42 24 (57) 18 (43) 17 (40) 25 (60)

Armitage Trend Test: p = 0.10 Armitage Trend Test: p = 0.93

Invasive gastric adenocarcinoma, intestinal type All grades 33 26 (77) 8 (24) 13 (40) 20 (60)

G1 5 4 (80) 1 (20) 1 (20) 4 (80)

G2 16 13 (81) 3 (19) 10 (63) 6 (37)

G3 12 8 (67) 4 (33) 2 (17) 10 (83)

Armitage Trend Test: p = 0.52 Armitage Trend Test: p = 0.52

Invasive gastric adenocarcinoma, diffuse type All grades 30 16 (53) 14 (47) 15 (50) 15 (50)

G3 30 16 (53) 14 (47) 15 (50) 15 (50)
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gastritis against neoplastic lesions and at 0.7 
and 0.96 respectively when comparing gastritis 
and low grade dysplasia against high grade 
dysplasia, gastric carcinoma intestinal type 
and gastric carcinoma diffuse type. When com-
paring low grade dysplasia against high grade 
dysplasia, sensitivity is 0.83 and specificity is 
1.0 (Table 2).

P53 staining in dysplasia and carcinomas of 
the gastric mucosa

Strong nuclear p53 positivity was detected in 
40% (13/33) and 50% (15/30) of gastric carci-
noma intestinal type and diffuse type respec-
tively, amounting to p53 positivity in 44% 
(28/63) of all invasive gastric carcinomas.

Regarding the cases of dysplasia, 13% of low 
grade dysplasia (2/16) and 58% of high grade 
dysplasia (7/12) stained positive for p53. In the 
cases of gastritis no p53 positivity was detect-
ed (0/57). 

P53 sensitivity and specificity range at 0.41 
and 1.0 respectively when comparing gastritis 
against dysplastic and invasive lesions and at 
0.47 and 0.97 respectively when comparing 
gastritis and low grade dysplasia against high 
grade dysplasia and gastric carcinoma. When 
comparing low grade dysplasia against high 

grade dysplasia, sensitivity is 
0.58 and specificity is 0.88 
(Table 2).

Combination of IMP3 and p53 
in a diagnostic panel

When combining IMP3(PS) 
and p53 using the Boolean 
operator “OR”, the sensitivity 
in all of the constellations dis-
cussed above is improved 
considerably at the cost of lit-
tle or no decrease in specifici-
ty. When gastritis is compared 
to dysplasia and gastric carci-
noma, a sensitivity of 0.7 and 
a specificity of 0.96 are 
achieved. Comparing gastritis 
and low grade dysplasia to 
high grade dysplasia and gas-
tric carcinoma, sensitivity and 
specificity amount to 0.83 and 
0.95 respectively. For the 

Figure 5. IMP3 immunohistochemistry in low-grade and high-grade intraepi-
thelial neoplasia of the stomach, 200x. A, B: Low grade intraepithelial neo-
plasia (A: HE, B: Immunohistochemistry with IMP3); C, D: High grade intraepi-
thelial neoplasia (C: HE, D: Immunohistochemistry with IMP3).

comparison of low grade dysplasia with high 
grade dysplasia, sensitivity ranges at 0.92 and 
specificity at 0.88 (Table 2).

In contrast, combining IMP3(PS) and p53 using 
the Boolean operator “AND” results in a signifi-
cant loss of sensitivity (Table 2). 

Discussion

IMP3 was first cloned from pancreatic cancer 
tissue and cell lines [23]. It belongs to the 
Insulin-like growth factor II (IGF-II) mRNA bind-
ing protein (IMP) family, which is made up of 
IMP1, IMP2 and IMP3 [5]. The precise function 
of the IMP family is still unclear, but it has been 
hypothesized that IMPs move into the nucleus 
and bind to mRNA. After being exported to the 
cytoplasm, IMPs may influence the post-tran-
scriptional expression of the mRNAs they are 
attached to [24]. Functional analyses indicate a 
role for IMP3 in tumor cell adhesion and cancer 
[25, 26].

However, as of now, the actual function of IMP3 
in the modulation of tumor cell function is still 
unclear [27].

In several studies, it has been demonstrated 
that IMP3 immunohistochemistry can be 
employed to differentiate between benign and 
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malignant lesions in the skin [6, 7], the uterine 
cervix [8, 9], the pancreas [8-11] and the 
mesothelium [12, 13].

IMP3 expression also seems to correlate with 
aggressive histological subtypes in urothelial 
carcinomas [28], breast carcinomas [29], endo- 
metrial carcinomas [30, 31] and neuroendo- 
crine tumors of the lung [32].

Furthermore, an association has been shown 
between IMP3 expression and poorer prognosis 
in gastric adenocarcinoma [14, 15], urothelial 
carcinoma [33], renal cell carcinoma [34], bile 
duct carcinoma [35], hepatocellular carcinoma 
[36], colorectal carcinoma [37], meningioma 
[38], pediatric astrocytoma [39], neuroblastoma 
[40] and squamous cell carcinoma of the 
tongue [41].

Up to now, IMP3 expression has been analyzed 
immunohistochemically in two collectives of 
gastric carcinomas. The assessment of the 
IMP3 immunohistochemical stain was handled 
differently in these two studies, with Wang et al 
scoring by staining intensity only [15] and 
Okada et al scoring by percentage of IMP3 posi-
tive cells only [14]. In both studies, a correlation 
between IMP3 expression in gastric adenocar-
cinomas and poor overall survival was found. 
Additionally, Wang et al documented a weak 

IMP3 staining in 10 of 10 cases of dysplasia of 
the gastric mucosa adjacent to invasive carci-
noma. However, no further information was pro-
vided regarding the degree of dysplasia and the 
percentage of IMP3 positive cells in the lesions 
[15].

Okada et al did not analyze dysplasias of the 
gastric mucosa but reported “nonspecific and 
weak staining” for IMP3 in the normal gastric 
mucosa [14]. All in all, data regarding IMP3 
expression in reactive and dysplastic lesions of 
the gastric mucosa is scant in these two 
studies. 

In our study, we showed that IMP3 is expressed 
in both reactive and neoplastic lesions of the 
gastric mucosa. We devised an easy to use 
product score based on the percentage of IMP3 
positive cells and IMP3 staining intensity. Using 
the IMP3 product score, a good specificity and 
acceptable sensitivity are achieved regarding 
the differentiation between reactive/inflamma-
tory and neoplastic lesions of the gastric muco-
sa. However, regarding our methodology, it is 
necessary to draw attention to the fact that no 
separate validation cohort was included in this 
study. Due to this limitation of our study, our 
product score must be regarded as only partly 
validated. 

Table 2. Specificity and sensitivity for IMP3(PS) and p53 in different group comparisons

Category comparison with PS cutoff = 30 Marker Specifity Conf. 
Interv. Sensitivity Conf. Interv. 

Mean
Gastritis A, B, C Vs. Low grade and high grade dysplasia and invasive 
gastric adenocarcinoma (both intestinal and diffuse type)

IMP3 0.96 [0.88, 1.00] 0.56 [0.45, 0.67] 0.76

IMP3 OR p53 0.96 [0.88, 1.00] 0.70 [0.60, 0.80] 0.83

IMP3 AND p53 1.00 [0.94, 1.00] 0.26 [0.18, 0.37] 0.63

p53 1.00 [0.94, 1.00] 0.41 [0.31, 0.52] 0.71

Gastritis A, B, C and low grade dysplasia Vs. High grade dysplasia and 
invasive gastric adenocarcinoma (both intestinal and diffuse type)

IMP3 0.97 [0.91, 1.00] 0.68 [0.56, 0.78] 0.83

IMP3 OR p53 0.95 [0.87, 0.99] 0.83 [0.72, 0.90] 0.89

IMP3 AND p53 1.00 [0.95, 1.00] 0.32 [0.22, 0.44] 0.66

p53 0.97 [0.91, 1.00] 0.47 [0.35, 0.59] 0.72

Low grade and high grade dysplasia Vs. Invasive gastric adenocarci-
noma (both intestinal and diffuse type)

IMP3 0.64 [0.44, 0.81] 0.65 [0.52, 0.77] 1.29

IMP3 OR p53 0.54 [0.34, 0.73] 0.81 [0.69, 0.90] 0.68

IMP3 AND p53 0.79 [0.59, 0.92] 0.29 [0.18, 0.41] 1.08

p53 0.68 [0.48, 0.84] 0.44 [0.32, 0.58] 1.12

Low grade dysplasia Vs. High grade dysplasia IMP3 1.00 [0.79, 1.00] 0.83 [0.52, 0.98] 0.92

IMP3 OR p53 0.88 [0.62, 0.98] 0.92 [0.62, 1.00] 0.90

IMP3 AND p53 1.00 [0.79, 1.00] 0.50 [0.21, 0.79] 0.75

p53 0.88 [0.62, 0.98] 0.58 [0.28, 0.85] 0.73
Definition Boolean Operator “AND”: Both IMP3(PS) and p53 must be positive for a positive result; Definition Boolean Operator “OR”: Either IMP3(PS) or p53 or both markers 
must be positive for a positive result.
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Our results show that low grade dysplasia of 
the gastric mucosa is usually negative for 
IMP3(PS) whilst high grade dysplasia of the 
gastric mucosa displays strong IMP3(PS) posi-
tivity in the majority of the cases. These results 
are comparable to the data presented by Lu et 
al who analyzed oesophagus specimens [42] 
and to our previous study on bile duct speci-
mens [35] where strong IMP3 positivity was 
found in high grade dysplasia and IMP3 nega-
tivity in most cases of low grade dysplasia.

IMP3(PS) may therefore be a helpful auxiliary 
marker for distinguishing low grade dysplasia 
from high grade dysplasia of the gastric muco-
sa in routine pathological workup. 

In invasive gastric carcinomas, mixed results 
are obtained with IMP3 immunohistochemistry. 
Our study demonstrated that IMP3 staining var-
ies strongly between gastric carcinomas and 
sometimes also remarkably within the same 
lesion, underscoring the heterogeneous nature 
of IMP3 expression in gastric carcinomas. All in 
all, 65% of gastric carcinomas were IMP3(PS) 
positive in our study. Wang et al reported 75% 
IMP3 positive gastric carcinomas (92 cases) 
[15] and Okada et al reported 82% IMP3 posi-
tive gastric carcinomas (96 cases) [14]. Despite 
the differences in the IMP3 scoring systems 
and in the makeup of the three collectives, the 
results are comparable.

Regarding the tumour grade, no clear cut cor-
relation between tumour grade and IMP3(PS) 
positivity could be established in our study. Our 
results are in accordance with the studies by 
Okada et al and Wang et al, in which the analy-
sis of IMP3 expression yielded no significant 
difference between different tumour grades 
[14, 15].

Statistical workup showed that adding p53 to 
the diagnostic panel significantly improves sen-
sitivity in identifying high grade dysplasia and 
gastric carcinoma as well as in differentiating 
between low grade and high grade dysplasia of 
the gastric mucosa. However, p53 should only 
be employed as a facultative marker as the 
sensitivity is seriously compromised if a posi-
tive result is exclusively defined as concurrent 
IMP3 and p53 positivity. This is due both to the 
fact that high grade dysplasia and invasive neo-
plasia show no reliable co-expression of IMP3 
and p53 and to the fact that only half of gastric 

cancers express p53, resulting in a greater 
number of false negative results.

Our study shows that the combination of IMP3 
and p53 immunohistochemistry, with IMP3 
immunohistochemistry assessed by a simple 
product score, may be a helpful diagnostic tool 
in the often difficult differential diagnosis of 
reactive and neoplastic lesions of the gastric 
mucosa. However, to completely validate our 
product score for the assessment of IMP3 
immunohistochemistry the analysis of an ade-
quately sized validation cohort is required. 
Further studies are therefore needed before 
the combination of IMP3 and p53 immunohis-
tochemistry can be safely incorporated into the 
routine pathologic workup of lesions of the gas-
tric mucosa.
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