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PULMONARY PATHOLOGY

Overexpression of ID4 Protein May Promote Lymph Node 
Metastasis in Pulmonary Squamous Cell Carcinoma

Mee Sook Roh ∙ Jeanho Yun1 ∙Phil Jo Choi2 ∙Choonhee Son3

Departments of Pathology, 1Biochemistry, 2Thoracic and Cardiovascular Surgery, and 
3Internal Medicine, Dong-A University College of Medicine, Busan, Korea

Background: Inhibitor of DNA binding (ID) family proteins are nega-
tive regulators of basic helix-loop-helix transcription factors. As key 
regulators of cell cycle and differentiation, its involvement in cell cycle 
control, cancer development, angiogenesis, and apoptosis has been im-
plicated. ID4, a member of the ID family proteins, has been shown re-
cently to have tumor suppressor properties in some cancers, whereas 
some other studies have related this protein to tumor metastasis. How-
ever, the expression and significance of ID4 in pulmonary squamous 
cell carcinomas (SCC) has not been fully addressed. Methods: We per-
formed immunohistochemical detection of ID4 protein in 94 tissue 
samples from pulmonary SCC patients by using a tissue microarray. 
More than 10% of the cells with moderately to strongly intense nuclear 
and/or cytoplasmic staining were interpreted as positive for ID4. Re-
sults: ID4 immunoreactivity was observed in 58 (61.7%) of the 94 
SCC cases. The tumors with positive ID4 expression more frequently 
showed lymph node metastasis (p=0.014) than the tumors with nega-
tive ID4 expression. Although the relationship did not reach the statisti-
cal significance, the tumors with positive ID4 expression tended to be 
larger in size (p=0.069). There were no significant associations be-
tween ID4 expression and other clinicopathologic features. Conclu-
sions: We demonstrated that expression of ID4 may promote lymph 
node metastasis in pulmonary SCC. Further investigations are needed 
to study the mechanisms involved, an understanding of which may 
provide the basis for a rational approach to the prognostic or therapeu-
tic role of ID4 expression in pulmonary SCC.

Key Words: Lung; Carcinoma, squamous cell; ID4 protein, human; 
Lymph node metastasis; Immunohistochemistry

AP19-PP-0002

Loss of ARID1A Expression Is Associated with Poor Prognosis in 
Non-small Cell Lung Cancer
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Department of Pathology, Soon Chun Hyang University Cheonan Hospital, Soon Chun 
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Background: Adenine-thymine (AT)-rich inactive domain-containing 
protein 1A (ARID1A) is a large subunit of the SWI-SNF complex and 
is considered to perform a tumor suppressor function in various cancer 
type. In this study, we investigated the clinicopathologic significance 
including prognosis of ARID1A expression in non-small cell lung can-
cers (NSCLCs). Methods: Expression of ARID1A was studied by im-
munohistochemical analysis of 171 surgically resected NSCLC speci-
mens including adenocarcinomas and squamous cell carcinomas on 

tissue microarray. Results: The ARID1A-negative group revealed sig-
nificantly higher correlation with male (p=0.020), larger tumor size (p 
=0.006), squamous cell carcinoma than adenocarcinoma (p=0.018) 
and smoker (p=0.001). Univariate survival analysis showed that ARI-
D1A-negative group had a significantly shorter cancer specific survival 
than ARID1A-positive group (p=0.005). Meanwhile, male (p=0.031), 
higher nodal status (p=0.007), late pathologic stage (p=0.024), and 
smoker (p=0.008) significantly correlated with shorter survival. Multi-
variate survival analysis showed that ARID1A negativity (p=0.024) 
and late pathologic stage (p=0.025) were independent prognostic fac-
tors related with shorter cancer specific survival for NSCLC. Conclu-
sions: Loss of ARID1A expression might be a molecular marker to pre-
dict poor prognosis of NSCLC.
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A 67-year-old man was referred to our hospital because of a tiny nod-
ule in the apical portion of the right lung on a computed tomography 
scan. During 8 months of watchful follow-up, size of the nodule in-
creased from 6 to 16 mm. Large cell neuroendocrine carcinoma (LC-
NEC) was suspected on an endobronchial ultrasound-guided transbron-
chial needle aspiration biopsy, then a right upper lobectomy was per-
formed. In macroscopic finding of the resected specimen, the peripher-
al lung parenchyma showed a well-demarcated, grayish-white and sol-
id tumor, measuring 30 mm in size. Microscopically, the tumor con-
sisted of four different histological components: high-grade fetal ade-
nocarcinoma (H-FLAC), LCNEC, acinar adenocarcinoma and large 
cell carcinoma-like area. Approximately 10% of the tumor was H-FLAC 
composed of complex glandular structures resembling fetal lung. The 
tumor cells were columnar in shape with clear, glycogen-rich cyto-
plasm, and were frequently immunopositive for alpha-fetoprotein. An-
other 10% was LCNEC arranged in an organoid pattern; the tumor 
cells were often immunopositive for chromogranin A and synaptophy-
sin. The remaining each 40% of the tumor was acinar adenocarcinoma 
and large cell carcinoma-like undifferentiated area. The latter compo-
nent showed sheets of large clear cells, which were focally immuno-
positive for alpha-fetoprotein. Beta-human chorionic gonadotropin-im-
munopositive syncytiotrophoblast-like multinucleated cells intermin-
gled with this component. We diagnosed the present case as combined 
LCNEC with acinar adenocarcinoma, H-FLAC, and syncytiotropho-
blast-like cells. Pathological stage was defined as stage IIIA because of 
mediastinal nodal metastasis. Using our data base, we will demonstrate 
H-FLAC is a high-grade signature and not infrequently coexists with 
other high-grade histological subtypes including neuroendocrine and 
primitive elements.

Key Words: High-grade fetal adenocarcinoma; Large cell neuroendo-
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crine carcinoma; Alpha-fetoproteins; Lung neoplasms; Pulmonary ade-
nocarcinoma
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Pulmonary Squamous Cell Carcinoma with Anaplastic Lymphoma 
Kinase Gene Translocation: A Case Report

Heae Surng Park ∙Hyo Sup Shim

Department of Pathology, Yonsei University College of Medicine, Seoul, Korea

Anaplastic lymphoma kinase (ALK) gene rearrangements had been 
discovered in a minor subset of non-small cell lung cancer, preferen-
tially adenocarcinoma. We report the first case of squamous cell carci-
noma with ALK translocation. Forty three aged woman who denied 
smoking habit, visited out-patient hospital because of cough and chest 
pain. Positron emission tomography computed tomography scan of her 
whole body revealed 6 cm-sized hypermetabolic mass in the right low-
er lobe and left iliac bone lesion with strong fluorodeoxyglucose uptake 
suggesting metastasis. Bronchoscopic examination showed endobron-
chial mass with total luminal obstruction in right lower lobar bronchus 
and biopsy for the endobronchial lesion was done. On light microsco-
py, moderately differentiated squamous cell carcinoma was observed 
and the tumor was diffusely immunoreactive for cytokeratin 5/6 and 
p63 without thyroid transcription factor-1 expression. Immunohisto-
chemistry for ALK (5A4, Novocastra) of tumor presented strong cyto-
plasmic staining. Molecular studies were performed using paraffin em-
bedded, formalin-fixed specimen of brochoscopic biopsy. The tumor 
was epidermal growth factor receptor (EGFR) and K-RAS gene wild 
type. ALK fluorescence in situ hybridization (FISH) using dual-color 
break-apart probes (Vysis) demonstrated break apart of red and green 
signals in 50% of tumor cells. To the best of our knowledge, this is the 
first case of ALK FISH positive squamous cell carcinoma of the lung. 
Because only bronchoscopic biopsy was done in the patient, the pres-
ence of adenocarcinoma component in the entire tumor cannot be ex-
cluded. ALK immunohistochemistry and FISH may be considered in 
nonsmoker patients with squamous cell histology.

Key Words: Carcinoma, squamous cell; Lung; Anaplastic lymphoma ki-
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Background: The formation of a fusion protein is the most common 
mechanism of anaplastic lymphoma kinase (ALK) overexpression and 

activation in non-small cell carcinoma (NSCLC). Until now, four fu-
sion partners of ALK have been reported—EML4, TFG, KIF5B, and 
PTPN3. In the current study, we discovered a novel ALK fusion gene, 
huntingtin interacting protein 1 (HIP1). Methods: A total of 95 surgical-
ly resected NSCLC samples were analyzed by multiplex reverse tran-
scription-polymerase chain reaction analysis. EML4-ALK fusion genes 
were detected in 89 cases. Six samples showed ALK fusion but the 
partner genes were not identified. We performed 5´-rapid amplification 
of cDNA ends (RACE) reaction with SMARTer RACE cDNA Ampli-
fication kit with one available fresh tissue. Results: The adenocarcino-
ma showed predominant acinar pattern and ALK immunohistaining 
(1:50, clone 5A4, Novocastra, Newcastle, UK) was localized in cyto-
plasm, along with concentrated submembrane region. In break apart 
fluorescence in situ hybridization analysis for ALK gene, split red and 
green signals and one or two single red signals were observed in 40 out 
of 50 non-overlapping nuclei. On 5´-RACE reaction, exon 21 of HIP1 
fused to the exon 20 of ALK, leading to generate t(2;7)(p23;q11.23). 
Conclusions: This is the first report of an HIP1-ALK fusion gene in 
NSCLC. Although the response to ALK inhibitors in this case is un-
known yet, response to ALK tyrosine kinase inhibitor may be promis-
ing.
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Differential Expression of Transforming Growth Factor β1 Protein 
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Background: This study was designed to investigate the significance of 
transforming growth factor β1 (TGFβ1) expression in tumor progres-
sion of lung adenocarcinoma. Methods: Sixty-five pulmonary adeno-
carcinomas were reclassified according to the newly proposed classifi-
cation system by the International Association for the Study of Lung 
Cancer, American Thoracic Society, and European Respiratory Society. 
Tumor samples from 20 adenocarcinomas in situ (AIS, formerly bron-
chioloalveolar carcinoma [BAC]), 9 minimally invasive adenocarcino-
mas (MIA, formerly BAC with ≤5 mm invasion), 17 lepidic predomi-
nant adenocarcinomas (LPA, formerly mixed adenocarcinoma showing 
nonmucinous BAC feature with >5 mm invasion), and 19 invasive ad-
enocarcinomas without BAC feature were analyzed by immunohisto-
chemistry for the expression of TGFβ1 protein. Results: TGFβ1 was 
more frequently expressed in invasive foci than in BAC components 
(87% vs 46%, p=0.001). Of invasive foci, TGFβ1 expression was 
demonstrated in 100% of MIA (9/9), 88% of LPA (15/17), and 79% of 
adenocarcinomas without BAC feature (15/19); no significant correla-
tions were identified between the groups. However, the frequency of 
TGFβ1 expression was significantly higher in noninvasive components 
of LPA (82%, 14/17) than in either AIS (25%, 5/20) or in those of MIA 
(22%, 2/9), and the differences were statistically significant. In MIA, 
TGFβ1 was observed in all the invasive elements while it was expressed 
in 2 of 9 noninvasive elements (p=0.002). Conclusions: Our data indi-
cate that TGFβ1 up-regulation is an early event in the invasive process, 
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preceding structural destruction of alveolar wall by invasion of tumor 
cells. TGFβ1 may be of help in assessment of invasiveness in small bi-
opsy specimens of pure lepidic growth.

Key Words: Lung; Adenocarcinoma; Transforming growth factor beta1
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Increased Expression of Cell-Cycle and Inhibitor of Apoptosis 
Pathway Markers Is Associated with Solid Predominant Subtype 
of Lung Adenocarcinoma
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Background: The 2011 International Association for the Study of Lung 
Cancer (IASLC)/American Thoracic Society (ATS)/European Respira-
tory Society (ERS) Lung Invasive Adenocarcinoma Classification in-
cluded five growth patterns: lepidic, acinar, papillary, micropapillary, 
and solid predominant type. Clinically, solid predominant type of ade-
nocarcinoma exhibits more malignant behavior and has a poorer prog-
nosis. But, solid predominant type of adenocarcinoma in biopsy speci-
men can be very difficult to diagnosis. The purpose of this study was to 
evaluate immunohistochemistry panel for a distinction between solid 
predominant type and other type in surgically resected and matched bi-
opsy specimens. Methods: We studied 87 consecutive cases of surgical-
ly resected and matched biopsy specimens. Primary antibodies used for 
immunostaining were cell-cycle pathway marker (Ki-67), inhibitor of 
apoptosis pathway markers (XIAP, survivin) and epithelial-mesenchy-
mal transition marker (E-cadherin). Results: Solid predominant type of 
adenocarcinoma was significantly correlated with high expression of 
Ki-67 (100% vs 14% for solid type/other type), XIAP (91% vs 13% for 
solid type/other type), and survivin (80% vs 15% for solid type/other 
type). Solid predominant type of adenocarcinoma was not associated 
with epithelial-mesenchymal transitional marker. However, solid pre-
dominant type of adenocarcinoma tended to show more frequent lymph 
node metastasis regardless of T stage. Conclusions: The concordance 
rate of cell-cycle and inhibitor of apoptosis pathway markers between 
surgical samples and biopsy samples was strong.

Key Words: Adenocarcinoma, bronchiolo-alveolar; X-linked inhibitor of 
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Survivin Expression Is an Independent Poor Prognostic Marker in 
Lung Adenocarcinoma But Not in Squamous Cell Carcinoma
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Background: Survivin is a member of the inhibitors of apoptosis and 

frequently overexpressed in various cancer cells. Data from the previ-
ous studies on the clinicopathologic implication of survivin in non-
small-cell lung carcinoma (NSCLC) are inconsistent. Methods: We in-
vestigated the expression of survivin in 373 cases of surgically resected 
NSCLC. Correlations between the expression of survivin and clinico-
pathologic, molecular features and prognostic significance were ana-
lyzed. Results: In adenocarcinoma, the increased expression of survivin 
was associated with the presence of vascular invasion, lymph node me-
tastasis and tumor recurrences, but we didn’t find any correlation with 
survivin expression and clinicopathological parameters in squamous 
cell carcinoma. Patients with high survivin expression had significantly 
shorter disease-free survival (DFS; 42.2 months vs 58.8 months; p=  
0.001) and shorter overall survival (OS; 60.8 months vs 71.5 months; p 
=0.009) than those with low survivin expression group in adenocarci-
noma. In squamous cell carcinoma, the expression of survivin was not 
associated with prognosis of the patients (DFS: 48.9 months vs 48.7 
months; p=0.837 and OS: 61.0 months vs 62.4 months; p=0.771). Mul-
tivariate analysis confirmed that survivin was an independent poor prog-
nostic factor in adenocarcinoma (DFS: hazard ratio [HR], 1.687; 95% 
confidence interval [CI], 1.123 to 2.532; p=0.012 and OS: HR, 1.965; 
95% CI, 1.108 to 3.486; p=0.021). Conclusions: Our results suggest 
that survivin is an independent negative prognostic factor in adenocar-
cinoma, but not in squamous cell carcinoma. The role of survivin should 
be investigated separately based on histologic subtypes.

Key Words: Carcinoma, non-small cell lung; Prognosis; Apoptosis; Sur-
vivin
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Pulmonary mucous gland adenoma is very rare neoplasm arising from 
the bronchial mucus glands, which is composed of unique seromuci-
nous glands and it arise bland looking, basally located nuclei. The car-
tilage and hamartoma-like stroma in mucous gland adenoma is not re-
ported in English literature, to our best knowledge. We, herein, report a 
case of bronchial mucous gland adenoma with fibromyxoid stroma and 
cartilage islands in a 68-year-old aged woman. The patient visited due 
to incidental pulmonary mass. Radiologically, it is located at the pe-
ripheral area of right upper lobe, measuring about 3 cm. Microscopic 
finding of wedge resected mass reveals multiple mucus glands that 
were surrounded by myxoid stroma with several lobules of cartilage. 
The glands had single layer of seromucinous epithelial cells without 
cellular atypia or identifiable foci of invasion. The stroma had scattered 
small spindle cells and well circumscribed lobule of cartilages on myx-
oid background. No mitotic figure was observed. The patient is alive 
and well after 5 months since operation.

Key Words: Lung neoplasms; Adenoma; Adenoma, pleomorphic; Carti-
lage
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Background: Molecular classification of lung cancer correlates well 
with histomorphological features. However, specific histomorphologi-
cal features that differentiate anaplastic lymphoma kinase (ALK)-rear-
ranged tumors from ALK-negative tumors have not been fully evaluat-
ed. Methods: Eighty ALK-rearranged and 213 ALK-negative (91 epi-
dermal growth factor receptor-mutated; 29 K-ras-mutated; 93 triple-
negative) resected lung adenocarcinomas were analyzed for several 
histomorphological parameters and histological subtype. Results: ALK-
rearranged tumors were associated with younger age at presentation, 
frequent nodal metastasis, and higher stage of disease at diagnosis. ALK-
rearranged tumors were more likely to show a solid predominant pat-
tern than ALK-negative tumors (p<0.001). Unlike ALK-negative tu-
mors, a lepidic predominant pattern was not observed in ALK-rearrang-
ed tumors (p<0.001). In multivariate analysis, the most significant mor-
phological features that distinguished ALK-rearranged tumors from 
ALK-negative tumors were cribriform formation (odds ratio [OR], 3.253; 
p=0.028), presence of mucin-containing cells (OR, 4.899; p=0.008), 
close relationship to adjacent bronchioles (OR, 5.361; p=0.001), pres-
ence of psammoma bodies (OR, 4.026; p=0.002), and a solid predomi-
nant pattern (OR, 13.685; p=0.023). Conclusions: ALK-rearranged tu-
mors exhibited distinct clinicopathological and morphological features. 
These clinicopathological and morphological features may serve as 
clinical enrichment factors to help oncologists and pathologists detect 
ALK rearrangement in lung adenocarcinoma patients.

Key Words: Anaplastic lymphoma kinase; Histology; Lung neoplasms; 
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Background: Lung cancer metastases to the bones lesions may be over-
looked and often are not diagnosed until they manifest as bone pain or 
skeletal-related events. Serum microRNAs (miRNAs) as a non-inva-
sive blood-based biomarker for cancer patients play a role in regulating 
a variety of targets which make them a powerful tool for early diagno-
sis of disease, risk assessment, and prognosis. Methods: We investigat-
ed serum miRNAs that may serve as biomarkers to differentiate be-
tween lung adenocarcinoma patients with and without bone metastasis. 
Five miRNAs associated with metastasis (miR-21, miR-146a, miR-

148a, miR-328, and miR-378) were selected through literature review. 
We examined these serum miRNAs concentrations by quantitative real-
time reverse transcription-polymerase chain reaction from clinically 
matched 19 patients with bone metastasis and 13 without bone metas-
tasis. Results: The initial analysis showed that miRNAs were stable and 
detectable in all serum samples. The serum concentrations of miR-21, 
miR-146a, and miR-378 were significantly higher in bone metastasis 
than no bone metastasis (p=0.037, p=0.041, and p=0.037, respective-
ly). The values of the area under the receiver-operating characteristic 
curve were 0.721 for the miR-21 assay (p=0.023), 0.717 for the miR-
146a assay (p=0.027) and 0.721 for the miR-378 (p=0.032). There 
were no significant differences in the concentrations of miRNAs ac-
cording to the status of other metastatic site. Conclusions: The present 
study suggests that circulating serum miRNAs may be a specific indi-
cator of bone metastasis detection in advanced lung adenocarcinoma. 
Further large-sampled studies will be required to validate the definite 
role of serum miRNAs and related metastatic sites

Key Words: Lung adenocarcinoma; Bone metastasis; Serum microR-
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Ground glass opacities (GGO) on chest computed tomography (CT) 
can be detected in variable lung diseases. We have experienced 4 rare 
cases presenting as GGO, which were very tough to make an accurate 
diagnosis. A 31-year-old woman presented with exertional dyspnea. 
She had been working as a dental technician for 10 years. A CT scan 
showed numerous small nodules in both lungs with mediastinal lymph-
adenopathies. Biopsy showed multifocal small, non-caseating granulo-
mas engulfing refractile foreign bodies, which can be considered early 
stage of occupational pneumoconiosis. A 54-year-old non-smoking fe-
male patient showed multiple lung nodules increasing in size for 2 
years on chest X-ray. She had a history of a resection of the desmoid 
tumor in abdominal wall 15 years ago. Biopsy from lung nodules show-
ed bland spindle cells in the fibromyxoid stroma, consistent with fibro-
matosis. A 46-year-old non-smoking woman was diagnosed with asth-
ma 1 year ago and had been treated with inhaled corticosteroid. She 
admitted our hospital for aggravating dyspnea under the impression of 
pneumonia. Biopsy showed accumulation of intra-alveolar eosinophils 
and eosinophilic vasculitis, which can be diagnosed with Churg-Strauss 
syndrome, based on clinicopathologic findings. A 73-year-old female 
patient has been suffered from mild fever and cough. Her CT showed 
multiple nodular consolidations in right lung. Biopsy revealed tiny in-
terstitial aggregates of meningothelial-like cell lesions, positive for vi-
mentin and epithelial membrane antigen. In conclusion, histologic ex-
amination is still the golden standard for the diagnosis of many forms 
of lung lesions, leading clinicians to treat the patients accurately.

Key Words: Lung; Multiple pulmonary nodules; Biopsy
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Transition in the Microenvironment of the Primary Lung 
Adenocarcinoma

Young-In Maeng ∙Min-Kyung Kim∙Sun-Jae Lee ∙Woo-Jung Sung ∙Hoon-Kyu Oh 
Kwan-Kyu Park

Department of Pathology, Catholic University of Daegu School of Medicine, Daegu, 
Korea

Background: The tumor microenvironment has many roles involving 
tumor progression, invasion and metastasis. The tumor cells at the tu-
mor border loose epithelial properties and acquire mesenchymal fea-
tures. This, epitheial-to-mesenchymal transition (EMT) has been sug-
gested to be an important process for tissue and lymphovascular inva-
sion. Methods: Pulmonary tissue samples from 23 patients with primary 
adenocarcinoma were evaluated with using immunohistochemical and 
immunofluorescence multi-staining the EMT-associated markers and 
transcription factors. The data were analyzed in specific area; such as 
tumor center, tumor border, and uninvolved lung parenchyme. Results: 
In this study we show that transcription factors associated with EMT 
markers Snail, Slug, Twist, and Zeb1 are differentially expressed be-
tween normal and invasive cancer. The invasive adenocarcinoma ex-
pressed less Slug and Twist and more Zeb1 and it was associated with 
the loss of epithelial marker (E-cad) and gaining of mesenchymal mark-
er (smooth muscle actin) at the invasive border of lung carcinoma. The 
process of EMT has been suggested to be of prime importance for tis-
sue and lymphovascular invasion. Conclusions: The process of EMT 
may be activated in the tumor border of lung adenocarcinoma. Related 
transcription factors, such as snail and zeb-1, might be induced by para-
crine effects of surrounded inflammatory cells and fibroblasts. Further-
more, our data show that transcription factors might be induced by in-
flammation, increasing metastatic potential of lung cancer cells. As our 
understanding of the underlying molecular processes in primary lung 
adenocarcinoma develops, elucidation of these interactions will be cen-
tral to development of novel therapeutic strategies.
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Background: Mutation analysis of epidermal growth factor receptor 
(EGFR) has become the best predictor of the response to tyrosine ki-
nase inhibitors therapy in primary lung adenocarcinoma. Direct se-
quencing has been usually assessed for the detection of EGFR muta-
tions. Recently, monoclonal antibodies specific to EGFR mutations 
were introduced. This study is performed using two major forms of 

mutation-specific antibodies for exon 19 and exon 21 to compare with 
direct sequencing. Methods: Tissue microarrays were constructed for 
116 resected lung adenocarcinoma samples. We performed an immu-
nohistochemical (IHC) analyses using two EGFR mutation-specific 
antibodies, E746-A750 deletion (anti-EGFR E746-750del [sp111]) and 
L858R mutation (anti-EGFR L858R [sp125]). EGFR stains were scored 
as negative (0), 1+ (weak and focal), 2+ (moderate and focal), and 3+ 
(strong and diffuse), with reference of EGFR PharmDx guideline. EGFR 
mutation was detected by direct DNA sequencing method. Results: Of 
total 116 samples of lung adenocarcinoma, direct sequencing identified 
EGFR mutations in 45 cases (39%). IHC staining with exon 19 and 
exon 21-specific antibody was seen in 8 out of 19 cases (42%) with 
E746-A750del and 11 of 23 cases (48%) of L858R mutation, based on 
sequencing results, Sensitivity, specificity, positive predictive value, 
and negative predictive value of these two antibodies were 76%/79%, 
90%/87%, 85%/80%, and 84%/86%, respectively. Conclusions: The 
mutation-specific immunohistochemical assay showed good correla-
tion with direct sequencing in this study. The cases with of score 3+ in 
both antibodies were 100% mutated. Immunohistochemistry for spe-
cific mutated EGFR antibodies demonstrated promising results for a 
reliable screening of patients in lung adenocarcinoma.
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Basaloid squamous cell carcinoma is a high-grade neoplasm and no 
low-grade counterpart has been reported to the best of our knowledge. 
A 56-year-old male presented with bloody sputum. The chest X-ray re-
vealed an abnormal shadow in the left upper lung field. The tumor 
showed fluorescence uptake activity on a positron emission tomogra-
phy scan. A transbronchial biopsy from the tumor mass filling the B1+ 
2a bronchus revealed a monotonous and uniform basaloid cell prolifer-
ation with pseudopapillary and peripheral palisading growth patterns. 
The patient underwent left upper lobectomy and is currently free of 
disease 7 months postoperatively. Macroscopically, the resected speci-
men showed a 2.7 cm whitish solid tumor fully occupying the bronchi-
al lumen, further extending from B1+2a to its peripheral bronchi, bron-
chioles and some alveolar walls. Microscopically, the tumor cells were 
small to medium-sized with high nuclear/cytoplasmic ratios, and had 
round to oval nuclei with a condensed chromatin pattern, resembling 
basal cells. The cells were arranged in a pseudopapillary pattern with 
well-developed vasculature and a lobular pattern with prominent pe-
ripheral palisading. Some areas showed tumor cells with eosinophilic 
cytoplasm and intercellular bridges. The basic histologic appearance 
resembled ameloblastoma. No keratin pearls were observed. Mitotic 
activity was low and tumor necrosis was not seen. Immunohistochemi-
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cally, the tumor cells stained positivity for basal/squamous cell markers 
(p63, p40, and 34βE12), and negativity for thyroid transcription facor-1, 
chromogranin A, synaptophysin, and human papillomavirus in situ hy-
bridization. This low grade basaloid squamous tumor with endobron-
chial presentation expands the clinical and pathologic spectrum of ba-
saloid squamous tumors in the lung.

Key Words: Carcinoma, bronchogenic; Carcinoma, squamous cell; Am-
eloblastoma like features
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Genomic Copy Number Signatures Uncovered Genetically Distinct 
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Background: Adenocarcinoma (AC) and squamous cell carcinoma (SCC) 
have different clinical presentation, morphology, treatment and progno-
sis. Recent studies suggested that fundamental genetic alterations relat-
ed to carcinogenesis of each tumor type may be different. In this study, 
we evaluate the difference of genetic alteration of ACs and SCCs that 
may can be applied for diagnosis of non-small cell lung carcinoma 
(NSCLC). Methods: We have investigated genomic alterations of total 
50 primary NSCLC samples (25 ACs and 25 SCCs) as well as paired 
normal tissue using whole genomic array comparative genomic hybrid-
ization. Common copy number alterations (CNAs) were evaluated in 
each subtypes and compared each other to establish CNA signature. 
Results: Total CNAs were more frequently identified in SCCs than ACs. 
The most common gain was gain of 3q in SCCs and 7q in ACs. Forty-
four genes from SCCs and 28 genes from ACs were located in the 
commonly gained and lost region in more than 68% of cases. The re-
sults of non-supervised hierarchical clustering with combined AC and 
SCC revealed three clustered groups—AC group, SCC group and ge-
netically distinct another group which overlapping AC and SCC. Con-
clusions: The present study contributed to the molecular biological 
characterization of AC and SCC of lung which showed subtype of tu-
mor has unique genetic CNA uncovered by high resolution compara-
tive genomic hybridization. We identified genetically distinct three 
groups by clustering of AC and SCC. The further study about signifi-
cance of these distinct three groups is necessary. Identified CNAs can 
be used as diagnostic or therapeutic markers in the future.

Key Words: Lung; Neoplasms; Comparative genomic hybridization; 
Molecular; Subtype
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Mucoepidermoid carcinoma of the lung is a rare tumor mostly arising 
centrally, and is not usually considered in the differential diagnosis of a 
peripheral lung mass. It is important to differentiate low-grade muco-
epidermoid carcinoma of the lung from pulmonary adenocarcinoma, 
for the former can be cured by surgical resection alone. We report a 
case of peripheral low-grade mucoepidermoid carcinoma of the lung 
which was misinterpreted as adenocarcinoma in preoperative fine nee-
dle aspiration (FNA). A 58-year-old female was referred due to an inci-
dentally found solitary pulmonary nodule. Percutaneous FNA of the le-
sion was performed. Cytological features showed moderate cellularity 
on the clean background. There were some clusters of polygonal cells 
with nuclear overlapping and papillary configuration. Tumor cells had 
moderate amount of eosinophilic cytoplasm and increased nuleocyto-
plasmic ratio. The tumor nuclei were round to oval, centrally located 
and showed finely granular and hyperchromatic chromatin with smooth 
nuclear membranes and small nucleoli. The patient underwent segmen-
tectomy. The cut surface displayed a well-defined nodule. Histological 
examination showed a protruding mass within the subsegmental bron-
chus. Gland formation and intraluminal mucin production were ob-
served. After immunohistochemical and special stains, the tumor was 
finally diagnosed as low-grade mucoepidermoid carcinoma. Diagnosis 
of mucoepidermoid carcinoma can be achieved with cytology speci-
men when epidermoid, intermediated, and mucus-secreting cells coex-
ist. The presenting case was low-grade mucoepidermoid carcinoma 
with mainly intermediate cells. Correct diagnosis of such case by FNA 
can be challenging. However, lack of nuclear pleomorphism and mild 
atypia might suggest low-grade mucoepidermoid carcinoma rather 
than adenocarcinoma.

Key Words: Carcinoma, mucoepidermoid; Lung; Biopsy, fine-needle; 
Cytology

AP19-PP-0023

Detection of Epidermal Growth Factor Receptor (EGFR) Mutation 
in Lung Adenocarcinoma: Comparison of Immunohistochemistry 
Using Novel EGFR-Mutation Specific Antibodies and Direct 
Sequencing

Seog Yun Park ∙Geon Kook Lee ∙ Jiun Choi

Department of Pathology, National Cancer Center of Korea, Goyang, Korea

Background: Mutations in epidermal growth factor receptor (EGFR) are 
the best predictors of response to tyrosine kinase inhibitor therapy in 
patients with lung adenocarcinoma and most pathologists have used 
DNA-based methods to assess EGFR status. Recently, the detection 
method of EGFR mutation using EGFR specific monoclonal antibod-
ies have newly developed and reported. The aim of our study was to 
evaluate and compare the methods of immunohistochemistry using 
EGFR mutation-specific antibodies and DNA sequencing for determi-
nation of EGFR mutation status. Methods: Eighty seven primary lung 
adenocarcinomas with formalin-fixed paraffin embedded tissue sam-
ples were analyzed for EGFR mutations in exon 18, 19, 20, and 21 by 
direct DNA sequencing and immunohistochemistry was performed 
with the rabbit monoclonal antibodies E746-A750del and L858R. Re-
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sults: Forty samples (45.9%) showed EGFR gene mutations by direct 
DNA sequencing. The mutational spectrum was as follows: 19 cases 
mutated in exon 19 (15 with E746-A750del, 3 with L747-S752del, 1 
with L747-A750delinsP), 16 in exon 21 (15 with L858R, 1 with L861Q), 
3 with T790M and 2 with G719X. Immunohistochemically, 11 (57.9%) 
and 10 (62.5%) lung adenocarcinomas with the EGFR mutation dem-
onstrated diffuse cytoplasmic and membranous staining in tumor cells 
with the E746-A750del-specific antibody and L858R specific antibod-
ies, respectively. None of the 47 EGFR wild-type lung cancers showed 
immunoreactivity to the antibody. The overall sensitivity and specifici-
ty of the immunohistochemical EGFR assay was 60% and 100%, re-
spectively. Conclusions: Immunohistochemistry using novel antibodies 
is an easy, highly specific method to detect the most frequent mutation 
of the EGFR and useful for the screening diagnosis of mutation-bear-
ing lung adenocarcinomas in clinical practice.

Key Words: EGFR mutations; Mutation-specific antibody; Immunohis-
tochemistry; Lung; Adenocarcinoma
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A lepidic growth pattern of the primary lung adenocarcinomas is a char-
acteristic feature of adenocarcinoma in situ. The lepidic pattern is de-
tected as ground-glass opacity (GGO) on chest computed tomography 
(CT). So, GGO is usually a marker of primary lung tumors. Rarely, 
however, tumors metastatic to the lung exhibit a lepidic pattern, which 
raises a problem of differential diagnosis by CT. We report here a case 
of pulmonary metastasis of adenoid cystic carcinoma (ACC) arising in 
the trachea. A 59-year-old Japanese woman suffered from a tracheal 
ACC and underwent total laryngectomy. Three years after the surgery, 
we found three pulmonary nodules in the right lower lobe of lung on 
chest CT, two of which had a GGO component and therefore were sus-
pected to be primary while the other solid lesion was thought to be me-
tastatic. Wedge resection was performed thoracoscopically. Tumor cells 
of the two nodules with a lepidic pattern were negative for thyroid tran-
scription factor-1, so turned out to be metastatic. One year later, a new 
nodule, “a pure GGO” lesion, was detected in the left lower lobe of 
lung on CT and followed up for half a year. During the period, the pure 
GGO lesion had changed to a “mixed GGO” lesion, i.e., with both a 
solid and a GGO area, radiologically. So, the lesion was suspected to 
be malignant and lobectomy was performed. Histologically, the tumor 
was again metastatic. We should keep in mind a possibility that meta-
static ACCs might show a lepidic growth pattern histologically.

Key Words: Pulmonary metastasis; Lung neoplasms; Lepidic growth; 
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NUT midline carcinoma (NMC) is an extremely aggressive subset of 
squamous cell carcinoma, genetically defined by rearrangement of the 
NUT gene. Recently, 2 targeted therapies for NMC have emerged. The 
diagnosis of NMC has also been made easier by commercialized a 
NUT-specific antibody. However, the histopathological and immuno-
histochemical features of this rare disease have not been fully recog-
nized among pathologists. It is very important for patients that patholo-
gists deepen this rare disease understanding and diagnose immediately 
and correctly. Recently, we experienced 2 patients with NMC whose 
clinical course differed considerably. Case 1 was a 52-year-old man 
with a polyp-shaped tumor that projected into the right main bronchus. 
Histologically, uniform small round cells proliferated diffusely and in-
vaded the bottom of the squamous metaplastic bronchial epithelium. 
Case 2 was 26-year-old young man with a massive tumor that occupied 
the mediastinum. The small round cells, which showed faintly squa-
mous differentiation, invaded diffusely the bottom of the squamous 
metaplastic bronchial epithelium. Tumor cells of both cases demon-
strated diffuse positivity for the NUT-specific antigen. They were also 
stained diffusely with anti-epithelial membrane antigen and weakly for 
anti-CD99. Immunoreactivity to leukocyte common antigen was a re-
markable finding in case 1. Case 1 is in progression-free almost for one 
year. In contrast, case 2 died in two months following extremely ag-
gressive progress.

Key Words: NUT; NUT midline carcinoma; Carcinoma, squamous cell; 
Histopathology; Immunohistochemistry
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Pulmonary epithelioid hemangioendothelioma (PEH) is a rare endothe-
lial neoplasm that typically presents as multiple nodules with an indo-
lent course but may occasionally show rapid growth and poor progno-
sis. Here we report a case of PEH with a rapid progression and poor 
outcome after a stable clinical course. Chest X-ray examination of a 
70-year-old male who was diagnosed as having gastric cancer revealed 
multiple lung nodules, which were thought to be inflammatory in na-
ture. After 30 months’ follow-up with no significant change, a 5 mm-
nodule in the left S8 increased to 18 mm in size. The patient underwent 
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excisional biopsy of a few nodules including the S8 lesion. Grossly, the 
smaller nodules were white and well-defined, whereas the S8 lesion 
was greyish white and somewhat poorly circumscribed. Microscopi-
cally, the smaller nodules displayed the typical histology of PEH with 
mildly atypical epithelioid cells embedded in the hyaline matrix, while 
the S8 lesion showed closely packed pleomorphic cells with prominent 
nucleoli and common mitotic figures (2/HPF). The Ki-67 labeling in-
dex was under 5% in the smaller nodules and over 40% in the S8 le-
sion. p53 protein was more strongly and diffusely expressed in the main 
lesion. These findings suggested the progression of malignant potential 
in one of the PEH nodules. Ten months after the biopsy, pleural effu-
sion with positive cytology developed and the patient succumbed to 
death. The present case demonstrates the histological progression may 
reflect an increase of malignant potential in PEH and calls for further 
investigation in the underlying molecular mechanism.

Key Words: Lung; Hemangioendothelioma, epithelioid; Multiple pul-
monary nodules; Pleural effusions, malignant
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Background: Anaplastic lymphoma kinase (ALK) fuses echinoderm mi-
crotubule-associated protein-like 4 (EML4) to acquire a transforming 
activity in lung adenocarcinomas. However, the presence of an EML4-
ALK fusion gene in other lung cancer histological type is an extremely 
rare phenomenon. Methods: We analyzed 30 consecutive patients with 
small cell lung cancer (SCLC) for EML4-ALK by reverse transcription 
polymerase chain reaction and immunohistochemistry. Results: Our 
analysis of 30 consecutive patients with SCLC for EML4-ALK reveal-
ed that two patients, including a patient we previously reported, har-
bored the EML4-ALK fusion gene. Conclusions: Although the frequency 
and significance of the fusion gene in SCLC patients has not been de-
termined, this phenomenon suggests that SCLC patients harboring the 
EML4-ALK fusion gene can be successfully treated with ALK inhibi-
tors.

Key Words: Small cell lung carcinoma; Oncogenic driver mutation; 
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Background: This study is to evaluate the prevalence and prognostic 
significance of PDZ-binding kinase/T-LAK cell-originated protein ki-
nase (PBK/TOPK) and its correlation with Ki-67 and p53 in non-small 
cell lung cancer (NSCLC). Methods: We detected the expression of 
PBK/TOPK in 30 normal lung tissues, 32 lymph-node metastases, and 
279 primary tissues of non-small cell lung cancer, and investigated the 
correlation between PBK/TOPK and Ki-67/p53 in the primary tissues 
of NSCLC by immunohistochemistry. Results: The results showed that 
there were obvious differences (p=0.000) about PBK/TOPK expres-
sion in different tissues, with a higher expression in lymph-node metas-
tases than those that in primary tumor and normal lung tissue. The ex-
pression of PBK/TOPK was associated with histological type, lymph 
node metastasis and TNM stage (p<0.05), also positively correlated 
with the expression of Ki-67/p53 (p<0.05) in NSCLC. The high ex-
pression of PBK/TOPK, Ki-67 or p53 was significantly associated with 
the poor prognosis (p<0.05), and all of them could be as independent 
predictive factors in NSCLC (p<0.05). Furthermore, the prognosis of 
patients with high expression for both PBK/TOPK and Ki-67 or both 
PBK/TOPK and p53 were significantly unfavorable (p<0.05). Conclu-
sions: PBK/TOPK is an independent prognostic factor and positively 
correlates with Ki-67 and p53 in NSCLC.

Key Words: Carcinoma, non-small-cell lung; PDZ-binding kinase; Ki-
67 antigen; Tumor suppressor protein p53; Correlation
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Background: Lung cancer is the leading cause of cancer death for both 
men and women. It is among the most lethal, accounting for about 29% 
of all cancer deaths. Tobacco is the leading cause of lung cancer. Meth-
ods: This descriptive study was carried out in the Department of Pa-
thology, Cho Ray Hospital, Ho Chi Minh City, Vietnam. 87 consecu-
tive histopathologically confirmed cases of bronchogenic adenocarci-
noma were included in the study. Results: Total of 150 consecutive new 
cases of primary cancer of the lung were diagnosed in Cho Ray Hospi-
tal. Of these, 87, 36, 13, and 14 patients were histologically classified 
as adenocarcinoma, squamous cell, large cell, non-small cell, and small 
cell lung cancer. Adenocarcinoma was the most common type. Our 
study group included 53 male and 34 female patients aged between 32 
to 88 years with mean age of 60.06 years. Fifty-two point eight three 
percent of male patients were smokers. Although 4.6% of patients with 
bronchial carcinoma were identified while they were asymptomatic, 
usually as a result of a routine chest radiograph or through the use of 
screening computed tomographic scans, most patients presented with 
some signs or symptoms. The most frequent presenting symptoms were 
persistent cough and chest pain, 65.52% and 57.47%, respectively. Con-
clusions: Persistent cough and chest pain are the most important clinical 
symptoms of adenocarcinoma, especially in patients who have smok-
ing habit and/or exposure to environmental risk factors. Our experience 
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with this series of adenocarcinoma patients should help physicians have 
further insights into the clinical characteristics of those with adenocar-
cinoma of the lung.
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Background: Lung cancer is the most frequently diagnosed cancer and 
the most common cause of death due to malignant tumors. There are 
two main types of lung cancer including non-small cell lung cancer 

(NSCLC) and small cell lung cancer. First-line treatment of the ad-
vanced NSCLC often involves platinum-based combination chemo-
therapy but this treatment continues to be restricted. However, in pa-
tients with NSCLC and activating mutation of the epidermal growth 
factor receptor (EGFR), targeted treatment has undergone a significant 
change. Testing for mutations in EGFR is therefore an important step 
in the treatment-decision pathway. Methods: To evaluate the histopatho-
logical features and EGFR mutations of 116 bronchial non-small cell 
carcinoma cases that were diagnosed at Cho Ray Hospital between 
June 2010 and February 2012. Results: Our study group included male 
and female with ratio 1.8/1, patients aged between 40 to 69 years with 
mean age of 55 years. Percentage of EGFR mutations is 54.3%. Muta-
tions were more frequently found in women (66%) and in those with 
adenocarcinoma (54%). The most common mutations were deletions 
in exon 19 (38%) and L858R in exon 21 (27%). Conclusions: Testing 
for mutation in EGFR is crucial one and should be done routinely.
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