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ABSTRACT
Objective: Lung adenocarcinomas are divided into acinar, lepidic, papillary, micropapillary, and solid predominant subtypes according to the
current World Health Organization (WHO) classification. We designed this retrospective study to demonstrate profiles of MUC expression
(MUC1, MUC2, MUC5AC, and MUC6) of different histologic patterns within the same tumor among pulmonary adenocarcinomas and
investigate correlations of MUC expression with clinicopathologic features.
Material and Method: We analyzed the expression of mucins (MUC1, MUC2, MUC5AC, and MUC6) in a series of 99 resected lung
adenocarcinomas, which included a total of 193 patterns (71 acinar, 30 lepidic, 25 papillary, 20 micropapillary, 34 solid and 13 mucinous) and
calculated a final immune reactivity score (FIRS) per tumor.
Results: MUC1 IRS scores were significantly higher in lepidic and solid patterns compared with mucinous patterns (p=0.013). MUC2 expression
was seen only in three cases (1 acinar, 2 mucinous). MUC5AC and MUC2 expression was more common in mucinous patterns (p<0.001 and
p=0.028, respectively). MUC6 expression was only detected in seven patterns and the expression was weak. No significant difference was seen
among histologic patterns for the staining scores of MUC6. Mucinous adenocarcinoma differed from other histologic subtypes regarding MUC1
and MUC5AC expression. Mucinous adenocarcinoma showed less MUC1 expression with lower IRS scores and higher MUC5AC expression.
Tumor size (p=0.006), lymphatic invasion (p=0.018), vascular invasion (p=0.025), perineural invasion (p=0.019), MUC1 IRS scores (p=0.018),
and MUC1 IRS scores >8.5 (p=0.018) were significant predictors for lymph node metastasis.
Conclusion: An alternative scoring for MUC1 can be used as a predictor for lymph node metastasis regardless of the histologic subtype.
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INTRODUCTION
In the respiratory system, mucus acts as a protective
barrier against external factors such as pathogens, chemical
agents, and dust particles in the air. In the tracheobronchial
epithelium, mucins are synthesized by goblet cells in the
surface epithelium and mucous cells in the submucosal
glands (1). Mucins are categorized into two groups,
membrane-dependent and secretory (gel-forming mucins)
(2). MUC1 is a membrane-dependent mucin, whereas
others (MUC2, MUC5AC, and MUC6) are gel-forming.
Cancer cells, especially in adenocarcinomas, express
aberrant forms or amounts of mucins. Cancer cells may use
mucins for protection from adverse growth conditions and
to control the local molecular microenvironment during
invasion and metastasis (3).
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MUC1 is normally expressed on the apical borders of
epithelial cells, which is called polarized expression, in
many tissues including the lung (4-7). MUC1 expression
in cancer cells has been shown on the apical border and
the lateral cell membrane and in cytoplasm (depolarized
staining). MUC1 overexpression enhances the invasion
capacity of cancer cells by inhibiting E-cadherinmediated cell-cell adhesion and integrin-mediated cell
adhesion to extracellular matrix components (8, 9).
Also, MUC1 inhibits cytotoxic T lymphocyte-tumor cell
interaction (10). Several studies have been performed on
adenocarcinomas and expression abnormalities of mucin
glycoproteins because mucins are known to be present in
glandular epithelial cells (11-14). Among the mucins, high
levels of MUC1 expression in particular are significantly
associated with poor prognosis. High expression of MUC1
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was associated with the presence of axillary lymph node
metastases in breast carcinoma (11) and similarly, high
expression of MUC1 was related to a significantly shorter
overall survival (OS) in sinonasal adenocarcinomas (12). In
gastric and pancreatic carcinomas, MUC1 overexpression
and its association with poor prognosis have been well
documented (13, 14).
Lung adenocarcinomas are heterogeneous groups of
tumors and have different histologic patterns (lepidic,
acinar, papillary, micropapillary, solid, fetal, and
enteric). Invasive mucinous adenocarcinoma and colloid
adenocarcinoma also are additional distinctive patterns
(15). MUC1 overexpression or depolarized expression also
acts as a poor prognostic parameter in lung cancer (1620). MUC1 is overexpressed in lung cancer, making it an
excellent target for immunotherapy. Several clinical trials
of MUC1 vaccines in non-small cell lung cancer (NSCLC)
have also been reported (21, 22).
Previous studies have shown specific mucin expression
profiles (overexpression MUC5AC and MUC6) for invasive
mucinous carcinoma (formerly known as mucinous
bronchioloalveolar adenocarcinoma) (23-27).
However, to the best of our knowledge, differences in
the expression profiles of MUCs among different histologic patterns of lung adenocarcinomas have not yet been
published. With this aim, we designed this retrospective
study to demonstrate profiles of MUC expression (MUC1,
MUC2, MUC5AC, and MUC6) of different histologic patterns within the same tumor among pulmonary adenocarcinomas and investigate correlations of MUC expression
with clinicopathologic features. In this retrospective study,
we tried to answer the following questions:
1- Are there any differences between histologic subtypes
of pulmonary adenocarcinomas regarding MUC
expression?
2- Is the profile of MUC expression related to any
clinicopathologic feature?
3- Since adenocarcinomas are heterogeneous, how should
we evaluate MUC1 staining within different patterns of
the same tumor?
4- Which parameters are predictors for lymph node
metastasis?
MATERIALS and METHODS
This study was approved by the Clinical Research Ethics
Committee of the Istanbul University Faculty of Medicine
(file number: 2012/1729-1289).
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Patients
We retrospectively evaluated 99 resection materials of
preoperatively untreated lung adenocarcinomas with
available paraffin blocks between January 2007 and
December 2013. Patients with distant metastasis were not
included. Histopathologic and clinical data were retrieved
from the pathology reports and clinical records.
Histopathologic Evaluation
All archived hematoxylin-eosin–stained tumor slides were
re-examined by two pathologists (DY, an experienced
pulmonary pathologist, and MB) who were blinded to all
clinical data. Based on the 2021 WHO classification (15),
the diagnoses were revised according to the predominant
pattern. All histologic patterns and their percentages, in 5%
increments, were recorded.
Some histopathological features known to have prognostic
significance, such as angiolymphatic invasion, vascular invasion, tumor diameter, pleural invasion, and lymph node
metastasis were also documented.
Immunohistochemistry
Paraffin blocks that were representative of all
histologic patterns present together were selected for
immunohistochemical analysis. For this purpose, one to
two blocks per case were used. Immunostaining for MUC1,
MUC2, MUC5AC, and MUC6 proteins was performed
on 4-µm tissue sections, using an automated staining
module (Ventana Medical System-Benchmark XT/ISH
Staining Module, Roche, Switzerland). Tissue sections
were incubated with the primary antibodies with different
incubation periods and different dilutions. Anti-MUC1
antibody (Ma695, 1:100, Leica/Novocastra), anti-MUC2
antibody (Ccp58, 1:50, Leica/Novocastra), anti-MUC5AC
antibody (CLH2, 1:50, Leica/Novocastra) and anti-MUC6
antibody (CLH5, 1:50, Leica/Novocastra) were used.
Evaluation of Immunohistochemistry Results
We evaluated the percentages and the intensity of staining
for each antibody (MUC1, MUC2, MUC5AC, and MUC6).
Cytoplasmic staining was observed for antibodies MUC2,
MUC5AC, and MUC6. MUC1 expression was subclassified
depending on the expression pattern into ‘polarized’ or
‘depolarized’ expression as follows: (1) polarized expression
if MUC1 was localized into the cellular membrane of the
apical portion of tumor cells (Figure 1 b2, c2, d2), (2)
depolarized if MUC1 was observed over the entire cell
surface or whole cytoplasm (Figure 1 a2, e2). In tumors
showing both polarized and depolarized expression, if the
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areas with depolarized expression comprised more than
20% of the tumor, the staining was accepted as depolarized.
The pattern of MUC1 staining was further divided into
two subgroups for statistical comparisons, one containing
negative and polarized stained cases and the other
containing depolarized stained cases.
The percentage of positive cells and the staining intensity
were recorded for each pattern and scored using a widely
used combined scoring system (immunoreactive score,
IRS) (28). IRS gives a score between 0 and 12 as a product of multiplication of positive cells proportion score (04) and staining intensity score (0-3). According to the IRS,
scores of 0-1 are considered negative, scores 2-3 as mild,
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scores 4-8 as moderate, and scores 9-12 as strongly positive
(Table I).
After calculating IRS scores for each histologic pattern, we
calculated a final IRS score (FIRS) per tumor due to the
histologic variety of lung adenocarcinomas. Because lung
adenocarcinomas contain more than one pattern and the
percentage and intensity of staining in each pattern vary,
we calculated the FIRS with a formula as follows: (IRS score
of i pattern x % of i pattern) + (IRS score of ii pattern x % of
ii pattern) + (IRS score of iii pattern x % of iii pattern) + .....
the same formula for any other pattern(s) if present. The
final IRS score (FIRS) was further categorized as negative,
mild, moderate, and strong, similar to IRS.

Figure 1: Expressions of MUC1, MUC2, MUC5AC, and MUC6 in various histologic patterns of invasive adenocarcinoma (a-f). The
acinar pattern shows MUC1 (depolarized staining), MUC5AC, and MUC6 positivity (a2, a4, a5). MUC2 is negative in this pattern
(a3). The lepidic pattern shows polarized staining for MUC1 (b2). MUC5AC and MUC6 are focally positive and MUC2 is negative
(b3-5). Papillary and micropapillary patterns show polarized staining for MUC1 (c2, d2). MUC2, MUC5AC, and MUC6 are negative
in papillary (c3-5) and micropapillary (d3-5) patterns. The solid pattern shows MUC1 (depolarized staining), MUC5AC and MUC6
positivity (e2, e4, e5). MUC2 is negative (e3). Mucinous adenocarcinoma shows both polarized and depolarized MUC1 expression (f2).
MUC2, MUC5AC, and focal MUC6 positivity in mucinous adenocarcinoma (f3-5). (a1, a3, b3, c3, d1, d5, f2, f3 x100; c2, e1, e5 x400;
others x200)
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For statistical analysis, the cases were divided into two groups
depending on the MUC1 staining intensity. Negative (FIRS
0-1) and mild-staining (FIRS 2-3) groups were accepted
as group 1, and moderate (FIRS 4-8) and strong-staining
(FIRS 9-12) groups were accepted as group 2.
Statistical Analysis
All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) software for Windows
version 21.0 (IBM Corp, Armonk, NY, USA). The
normality of continuous data was checked using both
numerical tests (Kolmogorov-Smirnov and Shapiro-Wilk
tests) and graphical methods (histogram, Q-Q, and box
plots). Data are given as mean and standard deviation
(mean ± SD) or median (interquartile range, [IQR]).
Categorical variables were compared using Chi-square
and Fisher’s exact tests where appropriate. Proportions
are given as percentages. Mann-Whitney U and KruskalWallis tests were used for quantitative variables with nonparametric distribution. The Bonferroni correction was
used for pairwise comparisons for Kruskal-Wallis test.
Significant factors found in univariate tests were included
in multivariate analysis. Logistic regression analysis was
used for multivariate analysis to identify predictors for
lymph node metastasis and the associated risk in terms of
odds ratio (OR) and 95% confidence intervals (CI). The
Kaplan-Meier test was performed using both SPSS 21.0
and MedCalc statistical software version 20.113 (Ostend,
Belgium) for OS comparing survival with the log-rank test
and the inclusion of the number at risk table. P-values of less
than 0.05 were considered significant in all comparisons.
RESULTS
Patient Characteristics
The study included 75 males (75.8%) and 24 females
(24.2%). The mean age was 64 (range, 36-84) years. The
median tumor size was 3.5 [IQR: 2.5-5] cm. Patients
underwent lobectomy (n=83, 83.8%), pneumonectomy
(n=5, 5.1%) or wedge resection (n=11, 11.1%). Thirty-nine
patients had lymph node metastasis [stage N1: 19 (19.2%),

stage N2: 18 (18.2%), stage N3: 2 (2%)]. The median followup time was 123 [IQR: 94-141.5] months.
Histopathological Features
Histopathologic subtypes were as follows: acinar predominant (34.3%, n=34), solid predominant (23.3%, n=23), lepidic predominant (14.1%, n=14), papillary predominant
(10.1%, n=10), micropapillary predominant (7.1%, n=7),
and invasive mucinous adenocarcinoma (11.1%, n=11). A
total of 193 patterns including tumors with more than one
pattern (71 acinar, 30 lepidic, 25 papillary, 20 micropapillary, 34 solid, and 13 mucinous) were evaluated. Lymphovascular invasion, venous invasion, and perineural invasion were seen in 62%, 35%, and 15% of 99 adenocarcinoma cases, respectively.
Immunohistochemical Analysis
Expressions of MUC1, MUC2, MUC5AC, and MUC6
in various histologic patterns are shown in Figure 1. The
MUC1, MUC2, MUC5AC, and MUC 6 expression and
IRS scores calculated for all histologic patterns are shown
in Table II. Although there were no significant differences
regarding MUC1 expression (positive vs. negative)
among the histologic patterns, MUC1 IRS scores were
significantly higher in lepidic and solid patterns compared
to the mucinous pattern (p=0.006 and 0.0222, respectively).
MUC2 expression was only seen in three cases (1 acinar,
2 mucinous). MUC5AC and MUC2 expression were
more commonly seen in mucinous patterns (p<0.001
and p=0.028, respectively), and IRS scores for MUC5AC
and MUC2 were higher in the mucinous pattern when
compared with the other patterns (p<0.001 and p=0.003,
respectively). MUC6 expression was only seen in seven
patterns with weak expression. No significant difference
was seen among histologic patterns for the staining scores
of MUC6.
The clinicopathologic features for both group 1 and
group 2 of MUC1 expression are summarized in Table
III. No significant difference was detected between the
two groups for parameters such as sex, age, tumor stage,

Table I: The immunoreactive score (IRS).
A (percentage of positive cells)

B (intensity of staining)

IRS score (multiplication of A and B)

0 = no color reaction

0-1 = negative

1: <10% of positive cells

1 = mild reaction

2-3 = mild

2: 10-50% positive cells

2 = moderate reaction

4-8 = moderate

3: 51-80% positive cells

3 = intense reaction

9-12 = strongly positive

0: no positive cells

4: >80% positive cells

4

IRS score (A×B): 0-12
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tumor size, angiolymphatic invasion, vascular invasion, or
stage. There was no difference in MUC1 staining intensity
among predominant histologic patterns except mucinous
adenocarcinoma, in which MUC1 showed low expression
more frequently than in other histologic subtypes (p=0.01).
High MUC1 expression was also more frequently observed
in lymph node-positive cases and cases with perineural
invasion (p=0.003 and p=0.036, respectively).
The differences between polarized and depolarized MUC1
expression among histologic subtypes are summarized in
Table IV. Depolarized MUC1 expression was higher in
acinar and solid patterns, whereas polarized expression was
seen very frequently in lepidic, papillary, micropapillary,
and mucinous patterns (p<0.001). We found that
depolarized expression was significantly more frequent in
acinar and solid patterns when compared with the others
(p<0.001 and p<0.001, respectively).
Depolarized MUC1 expression was related to the presence
of lymphatic invasion, tumor diameter, and stage.
Depolarized expression was detected more common in
tumors with lymphatic invasion when compared with
tumors without (73% vs. 27%, respectively; p=0.015).
Tumors with depolarized staining were larger tumors
(4.8±3 cm vs. 3.3±1.9 cm, p=0.013) and of more advanced
stage (p=0.035). However, no significant correlation was
observed between depolarized MUC1 expression and
the presence of vascular invasion (p=0.724), perineural
invasion (p=0.313), or lymph node metastasis (p=0.135).
Univariate tests and Multivariate Analyses for Lymph
Node metastasis
We found that tumor size (p=0.006), lymphatic invasion
(p=0.018), vascular invasion (p=0.025), perineural invasion

(p=0.019), mean MUC1 IRS score (p=0.018), and MUC1
IRS scores >8.5 (p=0.018) were significant predictors for
lymph node metastasis (Table V).
Tumor size, lymphatic invasion, vascular invasion,
perineural invasion, and MUC1 IRS scores indicated
that larger tumor size (OR: 1.197, 95% CI: [1.009-1.419];
p=0.039) and higher MUC1 IRS scores (OR: 1.814, 95% CI:
[1.092-3.013]; p=0.021) were independent predictors for an
increased risk of lymph node metastasis (Table V).
Survival Analysis
There was no statistically significant relationship between
sex, T stage, N stage, lymphovascular invasion, venous
invasion, perineural invasion, predominant histologic
pattern, MUC1, MUC2, MUC5AC, MUC6 expression,
depolarized MUC1 staining, and OS according to KaplanMeier survival estimates (p >0.05). However, solid and
micropapillary predominant adenocarcinomas had poor
survival compared to acinar predominant tumors (p=0.003
and p=0.019, respectively) (Figure 2).
DISCUSSION
We assessed the expression profiles of MUC1, MUC2,
MUC5AC, and MUC6 in pulmonary adenocarcinomas
in terms of their differences between histologic patterns
and their relations with clinicopathologic parameters.
We further tested a unique calculation model for
immunoreactivity score for MUC1, in which the differences
between each histologic pattern were also taken into
account (FIRS score). To our knowledge, this is the first
report on expression patterns of various MUCs in different
histologic subtypes of lung adenocarcinomas. MUC1
FIRS scores may be used as a predictor for lymph node

Table II: MUC1, MUC2, MUC5AC, and MUC6 expressions and average IRS scores by pattern.
Histologic
patterns

n=193

MUC1+
cases (n)

MUC1
IRS score
median
[IQR]

MUC2
MUC6
MUC2+
MUC5AC+
MUC5AC
IRS score
MUC6+ IRS score
cases
cases
IRS score
median
cases (n) median
(n)
(n)
median [IQR]
[IQR]
[IQR]

Acinar

71 (36.8%) 61 (85%)

9 [3-12]

1 (1.4%)

0

6 (8.4%)

0

2 (2.8%)

0

Lepidic

30 (15.5%) 27 (90%)

10.5 [6-12]

0 (0%)

0

3 (10%)

0

1 (3.3%)

0

9 [2.5-12]

0 (0%)

0

0 (0%)

0

0 (0%)

0

Papillary

25 (13%)

21 (84%)

Micropapillary 20 (10.4%) 17 (85%) 10.5 [2.2-12] 0 (0%)

0

1 (5%)

0

0 (0%)

0

Solid

34 (17.6%) 30 (88.2%)

9 [6-12]

0 (0%)

0

6 (17.6%)

0

2 (5.8%)

0

Mucinous

13 (6.7%) 7 (53.8%)

2 [0-5]

2 (15.3%)

0

11 (84.6%)

6 [2-12]

2 (15.3%)

0

0.013**

0.028*

0.003**

p<0.001*

p<0.001 (all)**

0.052

0.051**

Overall p

0.123*

*Fisher-Freeman-Halton exact test, **Kruskal-Wallis test
Significant p-values are given in bold. IRS: Immunoreactive score, IQR: Interquartile range
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Table III: Relationships between clinicopathologic features and expression of MUC1 in patients with lung adenocarcinoma
All patients
n=99
Age (mean±SD)

Group 1
Group 2
(FIRS 0-1 and 2-3) (FIRS 4-8 and 9-12)
n=21
n=78

p

64.5±9.6

66.5±8.9

63.9±9.8

0.269a

3.5 [2.5-5]

3.8 [2.7-6.1]

3.5 [2.5-5]

0.384b

123 [94-141.5]

126 [109-150]

122.5 [90-138]

0.378b

Sex
Male
Female

75 (75.8%)
24 (24.2%)

16 (21.3%)
5 (20.8%)

59 (78.7%)
19 (79.2%)

0.958d

T stage
1
2
3
4

32 (32.3%)
32 (32.3%)
18 (18.2%)
17 (17.2%)

5 (15.6%)
6 (18.8%)
6 (33.3%)
4 (23.5%)

27 (84.4%)
26 (81.3%)
12 (66.7%)
13 (76.5%)

N stage
0
1
2
3

60 (60.6%)
19 (19.2%)
18 (18.2%)
2 (2%)

17 (28.3%)
2 (10.5%)
1 (5.6%)
1 (50%)

43 (71.7%)
17 (89.5%)
17 (94.4%)
1 (50%)

0.059e
N0 vs N≥1 p=0.03d

TNM stage (n=98)
1
2
3

35 (35.7%)
28 (28.5%)
35 (35.7%)

7 (20%)
7 (25%)
6 (17.1%)

28 (80%)
21 (75%)
29 (82.9%)

0.742d

37 (37.4%)
62 (62.6%)

8 (21.6%)
13 (21%)

29 (78.4%)
49 (79%)

0.939d

Venous invasion
-Absent
-Present

64 (64.6%)
35 (35.4%)

15 (23.4%)
6 (17.1%)

49 (76.6%)
29 (82.9%)

0.464d

Perineural invasion
-Absent
-Present

84 (84.8%)
15 (15.2%)

21(25%)
0

63 (75%)
15 (100%)

0.036c

Predominant histologic pattern
-Acinar
-Solid
-Lepidic
-Papillary
-Micropapillary
-Mucinous

34 (34.3%)
23 (23.2%)
14 (14.1%)
10 (10.1%)
7 (7.1%)
11 (11.1%)

7 (20.6%)
4 (17.4%)
1 (7.1%)
0
3 (42.9%)
6 (54.5%)

27 (79.4%)
19 (82.6%)
13 (92.9%)
10 100%)
4 (57.1%)
5 (45.5%)

0.92d
0.77c
0.289c
0.114c
0.162c
0.01 c

Tumor diameter (cm) median [IQR]
Follow-up time (month) median [IQR]
n=85

Lymphovascular invasion
-Absent
-Present

0.51e

FIRS: Final immunoreactive score, IQR: Interquartile range. Significant p values are given in bold.
a
Student t-test, bMann-Whitney U test, cFisher’s exact test, dPearson Chi-square test, eFisher-Freeman-Halton Exact test

metastasis in addition to conventional parameters such as
lymphovascular and perineural invasion.
Previous studies showed controversial results for MUC2,
MUC5AC, and MUC6 expression in lung adenocarcinomas (23-26). In a study comparing 7 mucinous adenocar-

6

cinomas (previously known as mucinous bronchioloalveolar carcinoma (mBAC)) and 27 non-mucinous BAC,
higher levels of MUC2, MUC5AC, and MUC6 expression
were found in mucinous BAC (26). In another study, the
expression percentages of MUC2, MUC5AC, and MUC6
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Table IV: MUC1 expressions according to histologic patterns.
Histologic patterns

MUC1
Negative

Positive polarized

Positive depolarized

Acinar (n=71)

10 (14.1%)

12 (16.9%)

49 (69%)

Lepidic (n=30)

3 (10%)

21 (70%)

6 (20%)

Papillary (n=25)

4 (16%)

13 (52%)

8 (32%)

Micropapillary (n=20)

3 (15%)

10 (50%)

7 (35%)

Solid (n=34)

4 (11.8%)

0 (0%)

30 (88.2%)

Mucinous (n=13)

6 (46.2%)

4 (30.8%)

3 (23.1%)

Total number: 193

30 (15.5%)

60 (31%)

103 (53.3%)

P

<0.001

Significant p-values are given in bold.

Figure 2: Kaplan-Meier survival analysis for predominant histologic patterns (n=85).

were higher in mBAC than in solid adenocarcinoma (17%
vs. 10%, 97% vs. 21%, and 75% vs. 10%, respectively) (24).
Similar results were found for MUC5AC in 10 mucinous
adenocarcinomas (mBAC) (100%), but not for MUC2
(0%) in another study (25). Low frequency of MUC2 expression was also demonstrated in another study (only in
one of 25 invasive mucinous adenocarcinomas) (23). Our
data on MUC2 and MUC5AC expression in mucinous tumors were similar to the literature with low expression for

MUC2 (2/13) and high expression (11/13) for MUC5AC.
Conflictingly, MUC6 was also low (2/13) in our series.
MUC6 expression has been thought to be based on either
a metaplastic or a heterotopic presence of gastric mucosa
(24). We could not demonstrate any significant MUC6
expression either in mucinous or non-mucinous patterns (acinar, lepidic, papillary, micropapillary, or solid).
MUC6 expression was present only in two mucinous and
five non-mucinous cases with very low IRS scores. In sum-
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Table V: Univariate tests and multivariate logistic regression analysis of lymph node metastasis.
Univariate tests
Lymph node
Lymph node
metastasis
metastasis
Negative n=60 Positive n=39
Tumor diameter cm (mean±SD)

Multivariate analysis

Odds Ratio
(95% CI)

P

Odds Ratio
(95% CI)

P

0.006* 1.207 (1.019-1.431) 0.03

3.7±2.5

5.1±2.8

Lymphatic invasion
-Absent
-Present

28 (75.7%)
32 (51.6%)

9 (24.3%)
30 (48.4%)

2.917 (1.184-7.182) 0.018**

Vascular invasion
-Absent
-Present

44 (68.8%)
16 (45.7%)

20 (31.3%)
19 (54.3%)

2.613 (1.117-6.109) 0.025**

Perineural invasion
-Absent
-Present

55 (65.5%)
5 (33.3%)

29 (34.3%)
10 (66.7%)

3.793 (1.184-12.147) 0.019**

Predominant histologic pattern
-Acinar
-Solid
-Lepidic
-Papillary
-Micropapillary
-Mucinous

19 (55.9%)
14 (60.9%)
9 (64.3%)
6 (60%)
3 (42.9%)
9 (81.8%)

15 (44.1%)
9 (39.1%)
5 (35.7%)
4 (40%)
4 (57.1%)
2 (18.2%)

MUC1
-Negative
-Polarized
-Depolarized

8 (80%)
23 (67.6%)
29 (52.7%)

2 (20%)
11 (32.4%)
26 (47.3%)

MUC1
-Negative and polarized
-Depolarized

31 (70.5%)
29 (52.7%)

13 (29.5%)
26 (47.3%)

0.073**

MUC1 FIRS score (mean±SD)

6.92±4.37

9.01±3.48

0.018* 1.152 (1.023-1.296) 0.02

MUC5AC FIRS score (mean±SD)

1.49±3.2

1.06±2.93

0.739*

MUC6 FIRS score (mean±SD)

0.3±0.95

0.09±0.38

0.133*

33 (73.3%)
27 (50%)

12 (26.7%)
27 (50%)

a

MUC1 FIRS cut-off
≤8.5
>8.5

-

1.997 (0.732-5.447) 0.177

1.604 (0.58-4.44)

0.363

2.376 (0.614-9.193) 0.21

0.639**

0.156**

a

2.75 (1.176-6.429)

0.018*

Significant p values are given in bold. a MUC1 FIRS score and MUC1 FIRS categoric groups using 8.5 cutoff were put in two different models * Mann
Whitney U test, ** Chi-square test

mary, based on our data, expression of MUC2 and MUC6
was present in a limited number of cases and did not differ
among histologic patterns. We think that these two types
of MUCs are not useful for histologic subtyping and do not
play a role in pulmonary carcinogenesis.
In our study, mucinous adenocarcinoma differed from
other histologic subtypes regarding MUC1 and MUC5AC
expression. Mucinous adenocarcinoma showed less MUC1
expression with lower IRS scores and higher MUC5AC
expression. MUC1 IRS scores were moderate to high in
acinar, lepidic, papillary, micropapillary, and solid patterns
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of non-mucinous adenocarcinomas. The highest MUC1
expression levels were observed in lepidic and solid patterns.
Similar to our results, mucinous adenocarcinomas showed
apical MUC1 expression in less than 50% of tumors and
was more commonly expressed in lepidic predominant
adenocarcinomas compared with invasive mucinous
adenocarcinomas in the literature (23, 26).
MUC1 expression in cancer cells has been shown on both
the apical border and the lateral cell membrane and in the
cytoplasm (depolarized staining). Both the overexpression
of MUC1 and the depolarized pattern of its expression
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act as a poor prognostic parameter in lung cancer (1620). Decreased polarized and increased depolarized
MUC1 expression was significantly associated with the
progression from atypical adenomatous hyperplasia
through bronchioloalveolar carcinoma to mixed types
(26). Depolarized MUC1 expression and its relationship
with poor prognostic parameters such as lymph node
metastasis and stage have been well documented among
lung adenocarcinomas (19). However, there are conflicting
results on the prognostic significance of the depolarized
pattern of expression for MUC1 (18, 29). Although some
researchers demonstrated a relation between depolarized
MUC1 expression and early postoperative death (18), no
relation between depolarized MUC1 expression and poor
survival was found by others (29). In our study, tumors
with depolarized MUC1 expression showed lymphatic
invasion more frequently and were larger in diameter
with advanced stage. However, we found no correlation
between depolarized staining and lymph node metastasis
or OS. Polarized MUC1 expression was more common in
micropapillary and papillary patterns, which are known
to have a poor prognosis. Therefore, the presence of
depolarized MUC1 expression may be a poor prognostic
parameter, but expression levels and interpretation criteria
may also be important.
Conflicting results may be due to the lack of standardized
immunohistochemical evaluation for MUC1. In previous
studies, several criteria for MUC1 immunohistochemical
evaluation were introduced (16-18, 23, 24, 26, 29). These
methods have been used as follows: (a) a four-tiered system
depending on the percentage of positive tumor cells (score
0, 0%; score 1, 1-25%; score 2, 26-50%; score 3, 51-75%;
score 4, >76%) (24), (b) a four-tiered system depending
on the percentage of the polarized or depolarized staining
(low-grade polarized, fewer than 50%; high-grade
polarized, more than 50%; low-grade depolarized, fewer
than 10%; high-grade depolarized, more than 10%) (18,
26), (c) a binary system (positive or negative) using the
multiplying the percentages of positive-stained cells by the
staining intensity and considered positive when the score
was ≥10 (17, 23), (d) a binary system using a cut-off level
(5%) for positivity (16), and (e) a binary system depending
on the depolarized expression percentage (positive, >25%;
negative, 0-25%) (29). The dominant pattern was used
for scoring in another study because tumors showed
heterogeneous staining (17). We think that the different
criteria for MUC1 immunohistochemical staining are the
reasons for such conflicting results. Due to the heterogeneity
of pulmonary adenocarcinomas, immunohistochemical
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stains may show different degrees of staining in each
pattern. Therefore, a standard evaluation system is needed
for immunohistochemical results to obtain objective
data. We tested a final IRS score, in which the differences
between each histologic pattern were taken into account.
We showed that MUC1 FIRS scores were higher in patients
with lymph node metastasis, and tumors with a FIRS score
of >8.5 were 2.75 times more likely to metastasize.
MUC1 is overexpressed in lung cancer, making it an
excellent target for immunotherapy. Several clinical trials
of MUC1 vaccines (L-BLP25) in lung cancer have been
reported (21, 22). A randomized phase IIb study of L-BLP25
(MUC1) vaccine in stage IIIB and IV NSCLC was conducted
looking at survival and toxicity in patients (22). The study
showed that the median survival time of patients receiving
immunotherapy (88 patients) was 4.4 months longer than
that of patients in the control group (83 patients). A phase
I trial of the BLP25 (MUC1 peptide) liposomal vaccine
in patients with advanced-stage lung cancer established
its safety profile and immunogenicity (21). Although the
vaccine did not induce a specific humoral response, it did
induce cytotoxic T-cell activity in five of 12 patients. There
were no objective clinical responses among the 12 patients.
In these studies, the intensity of MUC1 expression in the
tumor was not taken into account. More promising results
can be obtained with new studies in which the degree of
MUC1 expression is also considered.
As a limitation, we did not consider the molecular basis of
our retrospective study cohort and oncologic approaches
affecting prognosis. Nevertheless, our study is one of the
few studies examining the differences in mucin expression
in lung adenocarcinoma. In addition, we investigated
detailed immunohistochemical evaluation according to the
patterns and compared them with the prognostic data.
CONCLUSION
In summary, the present study introduces an alternative
scoring for MUC1 that may serve as a predictor for lymph
node metastasis regardless of the histologic subtype.
Furthermore, MUC1 may be a useful biologic marker
for lung adenocarcinoma treatment. MUC1-targeted
immunotherapy may be more appropriate for tumors
showing high scores of MUC1 expression. Further clinical
studies are needed to confirm the role of MUC1 in clinical
practice and develop novel therapeutic approaches. We
think that our method can also be used to evaluate other
immunohistochemical stains used for other heterogeneous
tumors to provide objective data collection.

9

Turkish Journal of Pathology

Conflict of Interest
There are no conflicts of interest.

BUYUK M et al: Mucin Expressions in Lung Adenocarcinoma

13. Wang XT, Kong FB, Mai W, Li L, Pang LM. MUC1
Immunohistochemical Expression as a Prognostic Factor in
Gastric Cancer: Meta-Analysis. Dis Markers. 2016;2016:9421571.

Authorship Contributions

14. Hinoda Y, Ikematsu Y, Horinochi M, Sato S, Yamamoto K,
Nakano T, Fukui M, Suehiro Y, Hamanaka Y, Nishikawa Y, Kida
H, Waki S, Oka M, Imai K, Yonezawa S. Increased expression
of MUC1 in advanced pancreatic cancer. J Gastroenterol.
2003;38:1162-6.

Concept: DY, MB, YO, Design: MB, DY, YO, PF, Data collection
or processing: MB, DY, YO, Analysis or Interpretation: MB, DY,
YO, PF, DVB, BO, Literature search: MB, YO, DY, DVB, BO, PF,
Writing: MB, YO, DY, Approval: MB, YO, DVB, BO, PF, DVB.

15. WHO Classification of tumors editorial board. Thoracic Tumors.
Lyon (France): International Agency for Cancer Research on
Cancer; 2021 (WHO classification of tumors series, 5th edition.
Volume: 52021.

Funding
Funding received from the Scientific Research Projects Unit of
Istanbul University for this study.

REFERENCES
1. Rose MC, Voynow JA. Respiratory tract mucin genes and mucin
glycoproteins in health and disease. Physiol Rev 2006;86:245-78.
2. Evans CM, Koo JS. Airway mucus: The good, the bad, the sticky.
Pharmacol Ther 2009;121:332-48.
3. Hollingsworth MA, Swanson BJ. Mucins in cancer: Protection
and control of the cell surface. Nat Rev Cancer 2004;4:45-60.
4. Ho SB, Niehans GA, Lyftogt C, Yan PS, Cherwitz DL, Gum ET,
Dahiya R, Kim YS. Heterogeneity of mucin gene expression in
normal and neoplastic tissues. Cancer Res. 1993;53:641-51.
5. Chambers JA, Hollingsworth MA, Trezise AE, Harris A.
Developmental expression of mucin genes MUC1 and MUC2. J
Cell Sci. 1994;107:413-24.
6. Ho SB, Shekels LL, Toribara NW, Kim YS, Lyftogt C,
Cherwitz DL, Niehans GA. Mucin gene expression in normal,
preneoplastic, and neoplastic human gastric epithelium. Cancer
Res. 1995;55:2681-90.
7. Nguyen PL, Niehans GA, Cherwitz DL, Kim YS, Ho SB.
Membrane-bound (MUC1) and secretory (MUC2, MUC3, and
MUC4) mucin gene expression in human lung cancer. Tumour
Biol. 1996;7:176-92.
8. Wesseling J, van der Valk SW, Hilkens J. A mechanism for
inhibition of E-cadherin-mediated cell-cell adhesion by the
membrane-associated mucin episialin/MUC1. Mol Biol Cell.
1996;7:565-77.
9. Wesseling J, van der Valk SW, Vos HL, Sonnenberg A, Hilkens J.
Episialin (MUC1) overexpression inhibits integrin-mediated cell
adhesion to extracellular matrix components. J Cell Biol. 1995;
129:255-65.
10. van de Wiel-van Kemenade E, Ligtenberg MJ, de Boer AJ, Buijs
F, Vos HL, Melief CJ, Hilkens J, Figdor CG. Episialin (MUC1)
inhibits cytotoxic lymphocyte-target cell interaction. J Immunol.
1993;151:767-76.
11. McGuckin MA, Walsh MD, Hohn BG, Ward BG, Wright RG.
Prognostic significance of MUC1 epithelial mucin expression in
breast cancer. Hum Pathol. 1995;26:432-9.
12. Taverna C, Maggiore G, Cannavicci A, Bonomo P, Santucci
M, Franchi A. Immunohistochemical profiling of mucins in
sinonasal adenocarcinomas. Pathol Res Pract. 2019;215:152439.

10

16. Woenckhaus M, Merk J, Stoehr R, Schaeper F, Gaumann A,
Wiebe K, Hartmann A, Hofstaedter F, Dietmaier W. Prognostic
value of FHIT, CTNNB1, and MUC1 expression in non-small
cell lung cancer. Hum Pathol. 2008;39:126-36.
17. Situ D, Wang J, Ma Y, Zhu Z, Hu Y, Long H, Rong T. Expression
and prognostic relevance of MUC1 in stage IB non-small cell
lung cancer. Med Oncol. 2011;28 Suppl 1:S596-604.
18. Nagai S, Takenaka K, Sonobe M, Ogawa E, Wada H, Tanaka F. A
novel classification of MUC1 expression is correlated with tumor
differentiation and postoperative prognosis in non-small cell
lung cancer. J Thorac Oncol. 2006;1:46-51.
19. Guddo F, Giatromanolaki A, Patriarca C, Hilkens J, Reina C,
Alfano RM, Vignola AM, Koukourakis MI, Gambacorta M,
Pruneri G, Coggi G, Bonsignore G. Depolarized expression of
episialin (EMA, MUC1) in lung adenocarcinoma is associated
with tumor progression. Anticancer Res. 1998;18:1915-20.
20. Tsutsumida H, Goto M, Kitajima S, Kubota I, Hirotsu Y,
Yonezawa S. Combined status of MUC1 mucin and surfactant
apoprotein A expression can predict the outcome of patients with
small-size lung adenocarcinoma. Histopathology. 2004;44:14755.
21. Palmer M, Parker J, Modi S, Butts C, Smylie M, Meikle A,
Kehoe M, MacLean G, Longenecker M. Phase I study of the
BLP25 (MUC1 peptide) liposomal vaccine for active specific
immunotherapy in stage IIIB/IV non-small-cell lung cancer. Clin
Lung Cancer. 2001;3:49-57; discussion 58.
22. Butts C, Murray N, Maksymiuk A, Goss G, Marshall E, Soulieres
D, Cormier Y, Ellis P, Price A, Sawhney R, Davis M, Mansi J,
Smith C, Vergidis D, Ellis P, MacNeil M, Palmer M. Randomized
phase IIB trial of BLP25 liposome vaccine in stage IIIB and IV
non-small-cell lung cancer. J Clin Oncol. 2005;23:6674-81.
23. Duruisseaux M, Antoine M, Rabbe N, Rodenas A, Mc Leer-Florin
A, Lacave R, Poulot V, Duchene B, Van Seuningen I, Cadranel J,
Wislez M. Lepidic predominant adenocarcinoma and invasive
mucinous adenocarcinoma of the lung exhibit specific mucin
expression in relation with oncogenic drivers. Lung Cancer.
2017;109:92-100.
24. Tsuta K, Ishii G, Nitadori J, Murata Y, Kodama T, Nagai K,
Ochiai A. Comparison of the immunophenotypes of signet-ring
cell carcinoma, solid adenocarcinoma with mucin production,
and mucinous bronchioloalveolar carcinoma of the lung
characterized by the presence of cytoplasmic mucin. J Pathol.
2006;209:78-87.

BUYUK M et al: Mucin Expressions in Lung Adenocarcinoma

25. Rossi G, Murer B, Cavazza A, Losi L, Natali P, Marchioni A,
Migaldi M, Capitanio G, Brambilla E. Primary mucinous (socalled colloid) carcinomas of the lung: A clinicopathologic and
immunohistochemical study with special reference to CDX2 homeobox gene and MUC2 expression. Am J Surg Pathol.
2004;28:442-52.
26. Awaya H, Takeshima Y, Yamasaki M, Inai K. Expression of
MUC1, MUC2, MUC5AC, and MUC6 in atypical adenomatous
hyperplasia, bronchioloalveolar carcinoma, adenocarcinoma
with mixed subtypes, and mucinous bronchioloalveolar
carcinoma of the lung. Am J Clin Pathol. 2004;121:644-53.

Turkish Journal of Pathology

28. Remmele W, Stegner HE. Recommendation for uniform definition
of an immunoreactive score (IRS) for immunohistochemical
estrogen receptor detection (ER-ICA) in breast cancer tissue.
Pathologe. 1987;8:138-40.
29. Guddo F, Giatromanolaki A, Koukourakis MI, Reina C, Vignola
AM, Chlouverakis G, Hilkens J, Gatter KC, Harris AL, Bonsignore
G. MUC1 (episialin) expression in non-small cell lung cancer is
independent of EGFR and c-erbB-2 expression and correlates
with poor survival in node positive patients. J Clin Pathol. 1998;
51:667-71.

27. Copin MC, Buisine MP, Leteurtre E, Marquette CH, Porte H,
Aubert JP, Gosselin B, Porchet N. Mucinous bronchioloalveolar
carcinomas display a specific pattern of mucin gene expression
among primary lung adenocarcinomas. Hum Pathol.
2001;32:274-81.

11

