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Abstract: The utility of combination with CK5/6, IMP3 and TTF1 to differentiate among reactive mesothelial cells
(RMs), metastatic adenocarcinoma of lung (LAC) and non-lung (NLAC) origin was investigated by using immunocy-
tochemistry (ICC) and conventional PCR (C-PCR) in pleural effusion. A total of 108 cell blocks (32 RMs, 51 LAC and
25 NLAC were evaluated by ICC for CK5/6, IMP3 and TTF1 protein expression. In addition, we further performed
C-PCR for amplification of CK5/6, IMP3 and TTF1 DNA from 28 specimens (9 MAC and 7 RMs, 6 LAC and 6 NLAC)
for molecular diagnosis. CK5/6 staining was observed in the majority of reactive specimens (78.1%) and was rare
in adenocarcinoma cells (14.5%), whereas the opposite was true for IMP3 and TTF1. We found a high frequency
of TTF1 positivity (76.5%) in LAC, but not in NLAC (4.0%); while there was no significant difference of IMP3 expres-
sion in LAC (88.2%) and NLAC (88.0%). The 487 bp DNA fragments of IMP3 was expected to be amplified in 6/9
of adenocarcinoma cases showed negative in ICC; and the 394 bp DNA fragments of CK5/6 was also expected to
be amplified in 4/7 of RMs cases showed negative in ICC. Consistent with ICC results, there was significant differ-
ence of TTF1 expression in the LAC and NLAC compared with IMP3 expression. The combination with CK5/6, IMP3
and TTF1 immunostaining appears to be useful to improve the accuracy of cytological diagnoses between RMs,
metastatic adenocarcinoma of lung and non-lung origin in pleural effusion. In addition, C-PCR may act as a useful
supplemental approach for ICC, especially negative cases in ICC for differential cytological diagnosis.

Keywords: CK5/6, IMP3, TTF1, pleural effusion, adenocarcinoma, PCR

Introduction

Metastatic lung adenocarcinoma (LAC) is the
most common pathological type of metastatic
adenocarcinoma (MAC) in malignant pleural
effusion (MPE) [1, 2]. The type of MAC cells in
pleural MPE is an important factor to determine
the prognosis and treatment of the patients.
Thus, the differential cytological diagnosis of
metastatic adenocarcinoma of lung (LAC) and
non-lung (NLAC) origin is critical. However, the
cytomorphologic distinction among reactive
mesothelial cells (RMs), LAC and NLAC is not
always straightforward and is sometimes
extremely challenging, such as the often decep-
tively bland appearance of tumor cells and the
presence of MAC cells; the primary sites of

tumor cells are unclear and cytological speci-
mens also add to the difficulty of proper
diagnosis.

In recent years, many immunocytochemical
(ICC) stains have been investigated for both
RMs and MAC [3-6]. Insulin-like growth factor-I|
MRNA-binding protein 3 (IMP3) is a newly iden-
tified oncofetal protein; It is expressed in the
developing epithelium, muscle and placenta,
but it is expressed at low or undetectable con-
centrations in adult tissues [7]. However, the
usefulness of IMP3 as an ICC biomarker used
to differentiate MAC from RMs in cell blocks
prepared from effusion specimens are limited
[8-10]. In addition, whether it has significant
utility in the differential diagnosis between LAC
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Table 1. Antibodies used for immunocytochemi-
cal analysis in the study

Antibody  Clone  Dilution Source Pretreatment

CK5/6  D5/16B4 1:50 DAKO? Heat
IMP3 L523S  1:100 DAKO? Heat
TTF1 8G7G3/1 1:50 DAKO? Heat

aDAKO (Carpinteria, CA).

and NLAC remains unknown. Also, investiga-
tors have recommended some panels of ICC
stains distinguishing between LAC and NLAC in
serous effusions [11, 12]. Antibodies against
thyroid transcription factor-1 (TTF1) antigen
were well established for the differentiation
among primary LAC from other sites and malig-
nant mesothelioma [13-16], and they had also
been applied to effusion cytology. In addition,
Conventional PCR (C-PCR) based techniques
coupled with new developments in the extrac-
tion of DNA from paraffin-embedded tissue
now enable pathologists to use such archival
material for a variety of purposes [17, 18]. The
C-PCR targeting 372-bp region of the 56-kDa
TSA has been reported as a good tool for
molecular diagnosis and has also led to the
identification of new genotypes from India [19].
However, there have been few studies done
using C-PCR for cytological diagnosis in MPE,
which is much simpler and economical.

In this study, our goal was to evaluate the diag-
nostic usefulness of the combination with cyto-
keratin 5/6 (CK5/6), IMP3 and TTF1 and pro-
pose a decision tree in differentiating among
RMs, LAC and NLAC in pleural effusion by using
cytomorphology, ICC and C-PCR as alternate
methods.

Materials and methods
Case selection

A total of 108 cases were diagnosed based on
histopathology and clinical data, including 32
RMs, 51 LAC and 25 NLAC (14 breast, 9 stom-
ach, 2 unconfirmed primary sites of origin),
were obtained from the formalin-fixed, paraffin-
embedded block archived from The Pathology
Department of Nanfang Hospital and the Third
Hospital affiliated to Southern Medical Univer-
sity. Cell blocks were prepared for each case.
All the cases were collected between 2009 and
2013.
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Immunocytochemistry

Immunocytochemistry (ICC) of paraffin sec-
tions from clinical samples were carried out,
using the ChemMateTM EnVisioTM Detection
kit (Dako, Carpinteria, CA, USA). Multiple 4 um
thick sections from the paraffin-embedded cell
blocks were used for ICC studies. Antigen
retrieval was performed in 10 mM citrate buffer
(pH 6.0) for 5 min at 100°C. The sections were
first blocked for endogenous peroxidase activi-
ty with 3% H,0, for 15 min at room tempera-
ture. Then the sections were incubated over-
night at 4°C with antibodies; a summary of the
antibodies used is provided in Table 1. After
washing three times, sections were then incu-
bated with biotin-labeled goat anti-rabbit anti-
body or biotin-labeled goat anti-rat antibody
(Zhongshan Inc., Zhongshan, China) according-
ly for 10 min at room temperature, and subse-
quently were incubated with streptavidin-conju-
gated horse-radish peroxidase (HRP) (Maixin
Inc., Shenzhen, China). Sections were treated
with DAB and counterstained with hematoxylin,
cover slipped with neutral gum. Appropriate
positive and negative controls were used for
each antibody.

The ICC staining reactions were recorded for
each antibody by at least two pathologists sep-
arately, and discrepant staining reactions
between the two pathologists were jointly
reviewed and agreeable interpretations were
reached. For CK5/6 and IMP3 staining, diffuse,
easily visible, cytoplasmic staining in 5% or
more of target cells was scored as positive. For
TTF1 staining, dark brown nuclear staining in
5% or more of target cells was scored as
positive.

DNA extraction and PCR assay

Ninety-one paraffin-embedded cell blocks (9
MAC and 7 RMs; 6 LAC and 6 NLAC) were
selected for DNA extraction. DNA was extracted
using phenol-chloroform-isoamyl alcohol as
previously described [20]. PCR primers were
designed and synthesized by Biotech (shang-
hai, china). The sequences obtained were iden-
tified and compared using BLAST software
(http://blast.ncbi.nim.nih.gov) and the sizes of
the PCR products were showed in Table 2.
Reactions was 50 ul, including 2x MightyAmp
Buffer Ver. 2 (Takara, Otsu, Japan), 10 uM of
each primer, respectively, 5 ul DNA templets,
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Table 2. Sequences for primers

tinguish MAC from RMs, repre-

Gene name Primer sequence

Product size sentative staining patterns for

CK5/6 Forward 5’-TAAATCATCAAAACAGAATCCCCAC-3’

Reverse 5’-CAAATCATCTCACCTTGCATAGG-3’
IMP3 Forward 5’-GATGTCCTATTTCTTGCCTTCTCTA-3’
Reverse 5'-GTTTCTCCTTCCTACTCTCCTGTTC-3’

TTF1 Forward 5’-TCCAGCCATAAACAAGATAACCCAT-3’
Reverse 5’-AACACATTCCAAATCCCAGAAAGTA-3’

CK5/6 and IMP3 were showed in

394 bp Figure 1. Immunostaining for de-
tection of CK5/6 was generally
487 bp concentrated cytoplasmic stai-
ning in RMs (Figure 1B) and neg-
447 bp ative staining in MAC (Figure

1C); In contrast, cytoplasmic st-

Table 3. CK5/6, IMP3 and TTF1 expres-

sion in reactive mesothelial cells (RMs) and
metastatic adenocarcinomas (MAC) in pleural
effusion

) CK5/6 IMP3 TTF1
Diagnoses Total

+ + -+
“RMs 32 25 7 3 29 2 30
°MAC

Lung origin 51 7 44 45 6 39 12
No-Lungorigin 25 4 21 22 3 1 24

aReactive Mesothelial Cells; *"Metastatic Adenocarcino-
mas; +, positive staining; -, negative staining.

1.25 U MightyAmp DNA Polymerase (Takara,
Otsu, Japan) and 16 ul dH,0. Reactions were
hot-started at 98°C for 2 minutes. Amplification
of the three steps PCR was carried out for 40
cycles (98°C/10 sec, 60°C/15 sec, 68°C/29
sec). The PCR products were analyzed with
electrophoresis in a 2% agarose gel and visual-
ized with ethidium bromide staining. Negative
controls (PCR mix without DNA template) were
included in each amplification run.

Statistical analysis

The x2test was used to assess the association
between categorical variables. P values of less
than 0.05 were considered were considered
statistically significant with two-sided tests.

Results

A total of 108 cases were diagnosed based on
histopathology and clinical data, including RMs,
76 MAC (51 LAC and 25 NLAC). Among these
patients with MAC, the mean age was 60 years
(range, 27-84 years); 39 were men, and 37
were women. Among these patients with RMs,
the mean age was 56 years (range, 17-80
years); 28 were men, and 4 were women.

The ICC results of CK5/6 IMP3 and TTF1
expression were summarized in Table 3. To dis-
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aining of IMP3 was often obse-

rved in MAC (Figure 1F) but neg-
ative staining in RMs (Figure 1E). CK5/6 was
positive in 25/32 (78.1%) of RMs and in 11/76
(14.5%) of MAC (P=0.000); IMP3 was positive
in 3/32 (9.4%) of RMS and 67/76 (88.2%) of
MAC (P=0.000) (Table 3). We further evaluated
the expression of IMP3 and TTF1 in LAC and
NLAC. Representative staining patterns for
IMP3 and TTF1 were showed in Figure 2.
Immunostaining for detection of IMP3 was gen-
erally concentrated cytoplasmic staining both
in LAC (Figure 2B) and NLAC (Figure 2E);
Nevertheless, nuclear staining of TTF1 was
often observed in LAC (Figure 2C), but negative
staining in NLAC (Figure 2F). IMP3 was positive
in 45/51 (88.2%) of LAC and 22/25 (88.0%) of
NLAC (P=1.000); Unlike IMP3, TTF1 was posi-
tive in 39/51 (76.5%) of LAC, but 1/25 (6.7%) of
NLAC (P=0.000).

The 487 bp DNA fragments of IMP3 were
expected to be amplified 6/9 in MAC speci-
mens showed negative in ICC (Figure 3A); and
the 394 bp DNA fragments of CK5/6 was
expected to be amplified 4/7 in RMs speci-
mens showed negative in ICC (Figure 3B); As
with ICC staining, the 487 bp DNA fragments of
IMP3 in 6/6 of LAC and in 6/6 of NLAC speci-
mens were detected by C-PCR (Figure 3C). In
contrast, almost all 447 bp DNA fragments of
TTF1 (6/6) were showed positive expression in
LAC specimens but scarcely expression (0/6) in
NLAC specimens (Figure 3D).

The staining pattern using a combination of
CK5/6 and IMP3 using ICC staining and C-PCR
was divided into six categories for detecting
RMs and MAC detailed in Table 4. The staining
pattern of CK5/6*/IMP3- using ICC had a higher
specificity than CK5/6* ICC alone (98.3% vs.
85.5%), but a lower sensitivity for detecting
RMs (71.5% vs. 78.1%). Whereas, a higher sen-
sitivity was observed in the staining pattern of
CK5/6*/IMP3- using combination with ICC and
C-PCR than ICC alone for detecting RMs (83.0%

Int J Clin Exp Pathol 2014;7(9):5810-5818
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Figure 1. Reactive mesothelial cells (RMs) are shown in Pleural Effusion using by (A) HE, (B) CK5/6 ICC stain, (C)
IMP3 ICC stain; Metastatic adenocarcinoma (MAC) cells are shown in pleural effusion using by (D) HE, (E) CK5/6 ICC
stain, (F) IMP3 ICC stain. HE, Hematoxylin & Eosin staining; ICC, Immunocytochemistry. (x400).

vs. 71.5%). The staining pattern of IMP3*/
CK5/6 using ICC had a higher specificity than
IMP3*alone (98.2% vs. 91.6%), but a lower sen-
sitivity for detecting MAC (75.4% vs. 88.2%).
Whereas, a higher sensitivity was observed in
the staining pattern of IMP3*/CK5/6 using
combination with ICC staining and C-PCR than
ICC alone for detecting MAC (82.2% vs. 75.4%).
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Discussion

Cytomorphologic differentiation among RMs,
LAC and Other NLAC in pleural effusion (PE)
can be a diagnostic challenge alone. The diffi-
culty is compounded when the primary sites of
tumor cells are unclear or neoplastic cells
exhibit only slight atypia. Currently, ICC staining

Int J Clin Exp Pathol 2014;7(9):5810-5818
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Figure 2. Metastatic lung adenocarcinoma (LAC) cells are shown in pleural effusion using by (A) HE, (B) IMP3 ICC
stain, (C) TTF1 ICC stain; Metastatic adenocarcinoma of non-lung (NLAC) origin are shown in pleural effusion us-
ing by (D) HE, (E) IMP3 ICC stain, (F) TTF1 ICC stain. HE, Hematoxylin & Eosin staining; ICC, Immunocytochemistry.
(x400).

is widely used as a tool to enhance correct cyto- In MAC, IMP3 expression was reported to be
logical diagnoses of body fluids. Numerous correlated with more poorly differentiated his-
antibodies have been applied to distinguish tological grade, advanced stage of disease and
RMs from MAC [3-6]. However, to pursue a bio- lymph node metastases [21]. IMP3/L523S was
marker of high sensitivity and specificity also reported to be sensitive and specific mark-
remains to be the hot spot of clinical research. ers for differentiating RMs from malignant

5814 Int J Clin Exp Pathol 2014;7(9):5810-5818
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Figure 3. Conventional PCR amplified products of CK5/6, IMP3, TTF1 DNA in paraffin-embedded cell blocks of pa-
tients with reactive mesothelial cells (RMs), metastatic adenocarcinoma of lung (LAC) and non-lung (NLAC) origin
in 2% agarose gel. A. IMP3 expression in 6/9 of MAC showed negative in ICC; B. CK5/6 expression in 4/7 of RMs
showed negative in ICC; C. IMP3 expression in 6/6 of LAC and 6/6 of NLAC; D. TTF1 expression in 6/6 of LAC and
0/6 of NLAC. M, DNA Maker (DL1000); A1-A6, Paraffin-embedded MAC cell blocks; R1-R6, Paraffin-embedded RMs

cell blocks; N, Negative control.

Table 4. Sensitivity and specificity of cytological diagnoses from  al mesothelioma while it was

CK5/6 and IMP3 by using immunocytochemistry and conventional

reactive in only 1/50 cases of

PCR MAC in tissue specimens. Few
Diagnosis Staining pattern Sensitivity (%) Specificity (% subsequent stud?es were con-
RM§ CK5/6+g(|pCCa) 78.1°/Z( ) Sp 85.502( ) ducted on effusion samples.
In one study, CK5/6 was found

CK5/6" (ICC)/IMP3 (ICC) 71.5% 98.3% reactive in 20/20 RMs cases,

CK5/6" (ICC+C-PCR")/IMP3 (ICC) 83.0% 98.3% whereas it was positive in one

MAC IMP3* (ICC) 88.2% 91.6% of nine cases of MAC [28]. In
IMP3* (ICC)/CK5/6  (ICC) 75.4% 98.2% our study, CK5/6 showed

IMP3* (ICC+C-PCR)/CK5/6 (ICC) 82.2% 98.2% good sensitivity (78.1%) and

almmunocytochemistry; °’conventional PCR.

mesothelioma (MM) or metastatic carcinoma in
recent years [22-26]. Ikeda et al. [9] used immu-
nohistochemistry (IHC) studied IMP3 expres-
sion in large effusion samples and the utility of
IMP3 as an IHC stain for distinguishing malig-
nant cells from RMs. They observed IMP3 posi-
tivity in only 5.1% of cases of RMs, while IMP3
positivity was observed in 75.7% of MAC effu-
sions. Consistent with previous literatures, our
study had shown that IMP3 immunoreactivity
was a significant difference between the stain-
ing of MAC (88.2%) and RMs (9.4%), and it was
a perfect biomarker of high sensitivity and
specificity for MAC. These results raised the
question whether had a useful marker for
detecting RMs. Ordonez et al. [27] showed that
CK5/6 was positive in 60/60 cases of epitheli-
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specificity (85.5%) for detect-
ing RMs. The use of this anti-
body was based on relatively
select expression (14.5%) in MAC compared
with RMs (78.1%). Viewed in total, these results
indicated that IMP3 was a useful biomarker for
detection of MAC cells in PE, and it had signifi-
cant utility in the differential diagnosis of MAC
and RMs in combination with CK5/6 ICC stain-
ing; however, it was not appropriate for differen-
tiation between LAC and NLAC.

The distinction between LAC and NLAC in PE
remains very difficult or sometimes impossible
when the primary sites of tumor cells is unclear
[29-31]. TTF1 was mainly expressed in thyroid
and lung during embryogenesis and it played a
physiologic role in their development and mor-
phogenesis [32, 33]. Antibodies against TTF-1
antigen were well established for the differen-

Int J Clin Exp Pathol 2014;7(9):5810-5818
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Figure 4. Decision tree for the cytologic diagnosis of
reactive mesothelial cells (RMs), metastatic adeno-
carcinoma of lung (LAC) and non-lung (NLAC) origin
by using CK5/6, IMP3 and TTF1 immunocytochem-
istry (ICC) and conventional PCR (C-PCR) in pleural
effusion. HE, Hematoxylin & Eosin staining.

tiation among primary LAC, AC from other sites
and MM [13-16], and they had also been
applied to effusion cytology. However, with sen-
sitivities varying from 54 to 88% [15, 34-37],
we compared the reactivity of IMP3 and TTF-1
to biomarkers for LAC and NLAC in PE. It was
noteworthy that TTF1 immunoreactivity in LAC
(39/51) and NLAC (1/25) was significantly sta-
tistical difference; In contrast, IMP3 im-
munoreactivity in LAC (45/51) and NLAC
(22/25) was no statistical difference. It see-
med that TTF1 could be a complementary
marker of IMP3 for differential diagnosis of
MAC of lung and non-lung origins.

Although ICC staining can greatly aid the accu-
racy of cytological diagnosis, available markers
have varying sensitivities and specificities for
mesothelial cell or cells of epithelial differentia-
tion [38, 39]. Real-time PCR also can be used
to assess gene expression levels and evaluate
the relationship between genes and disease
[40]. But it is impossible that the total RNA
could be extracted with high purity from paraf-
fin-embedded cell blocks. C-PCR has the
advantages of higher sensitivity and specificity,
and the quality requirements of DNA templates
are not demanding [41, 42]. Thus, we extracted
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DNA from paraffin-embedded cell blocks and
detected DNA fragments of CK5/6, IMP3 and
TTF1 by using C-PCR assay. In this study, the
487 bp DNA fragments of IMP3 DNA was
expected to be amplified 6/9 in MAC speci-
mens showed negative cases in ICC staining;
and the 394 bp DNA fragments of CK5/6 DNA
was also expected to be amplified 4/7 in RMs
specimens showed negative cases in ICC stain-
ing. Consistent with ICC results, there was sig-
nificant difference of TTF1 expression between
the LAC and NLAC group.

When we analyzed the sensitivity and specifici-
ty for using CK5/6/IMP3 to distinguish between
RMs and MAC, we found that a higher sensitiv-
ity was observed in the combination of CK5/6/
IMP3 using ICC staining and C-PCR for detect-
ing RMs compared with using ICC staining
alone; and a higher Specificity than using
CK5/6 ICC staining. Also, for MAC, we observed
a higher sensitivity in the combination of IMP3/
CK5/6 using ICC staining and C-PCR compared
with using ICC staining alone; and a higher
specificity than using IMP3 ICC staining. Based
on these data, we propose the use of a fine
decision tree consisted of CK5/6, IMP3 and
TTF1 for differentiating among RMs, LAC and
NLAC by using ICC staining and C-PCR assay as
alternate approaches in PE (Figure 4). To our
knowledge, this is the first report to describe
the detection of DNA fragments of CK5/6, IMP3
and TTF1 DNA from paraffin-embedded cell
blocks via C-PCR as a supplementary approach
of ICC staining for differential cytological diag-
nosis in PE.

In summary, the combination with CK5/6 and
IMP3 immunostaining appears to be useful to
improve the accuracy of cytological diagnoses
between reactive mesothelial Cells and metas
tatic adenocarcinoma in pleural effusion. In
addition, TTF1 could be a complementary bio-
marker of IMP3 for differential diagnosis of
metastatic adenocarcinoma of lung and non-
lung origin. C-PCR may act as a useful supple-
mental approach of ICC staining, especially
negative cases in ICC for differential cytological
diagnosis in pleural effusion.

Acknowledgements

This work was partly supported by Department
of Pathology Operating Research grants from

Int J Clin Exp Pathol 2014;7(9):5810-5818



CK5/6, IMP3 and TTF1 in pleural effusion

the Third Hospital Affiliated to Southern Medical
University.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Tong Zhao, De-
partment of Pathology, The Third Affiliated Hospital,
Southern Medical University, 183 Dadaoxi Street,
Guangzhou 510630, China. Tel: (86) 20-62784801;
E-mail: zhaotongketizu@126.com; Dr. lJie Zhou,
Department of Pathology, School of Basic Medical
Science, Southern Medical University, 1838
Dadaobei Street, Guangzhou 510515, China. Tel:
(86) 020-61648223; E-mail: 287445851@qq.com

References

[1] Heffner JE. Diagnosis and management of ma-
lignant pleural effusions. Respirology 2008;
13: 5-20.

[2] Hsieh TC, Huang WW, Lai CL, Tsao SM, Su CC.
Diagnostic value of tumor markers in lung ade-
nocarcinoma-associated cytologically negative
pleural effusions. Cancer Cytopathol 2013;
121: 483-8.

[3] Metzgeroth G, Kuhn C, Schultheis B, Hehimann
R, Hastka J. Diagnostic accuracy of cytology
and immunocytology in carcinomatous effu-
sions. Cytopathology 2007; 19: 205-211.

[4] Kim JH, Kim GE, Choi YD, Lee JS, Lee JH, Nam
JH, Choi C. Immunocytochemical panel for dis-
tinguishing between adenocarcinomas and re-
active mesothelial cells in effusion cell blocks.
Diagn Cytopathol 2009; 37: 258-61.

[5] Moghaddam NA, Rahmani A, Taheri D, Desfuli
MM. Proliferative index using Ki-67 index in re-
active mesothelial versus metastatic adeno-
carcinoma cells in serous fluid. Adv Biomed
Res 2012; 1: 29.

[6] Cho JS, Kim GE, Lee JS, Lee JH, Nam JH, Choi
C. Diagnostic usefulness of MUC1 and MUC4
for distinguishing between metastatic adeno-
carcinoma cells and reactive mesothelial cells
in effusion cell blocks. Acta Cytol 2013; 57:
377-83.

[7]1 Nielsen J, Christiansen J, Lykke-Andersen J,
Johnsen AH, Wewer UM, Nielsen FC. A family of
insulin-like growth factor Il mMRNA-binding pro-
teins represses translation in late develop-
ment. Mol Cell Biol 1999; 19: 1262-1270.

[8] Kim HJ, Kim GE, Lee JS, Lee JH, Nam JH, Choi
C. Insulin-like growth factor-Il mRNA-binding
protein 3 expression in effusion cytology: a
marker for metastatic adenocarcinoma cells
and a potential prognostic indicator in gastric
adenocarcinoma. Acta Cytol 2014; 58: 167-
73.

5817

(9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

lkeda K, Tate G, Suzuki T, Kitamura T, Mitsuya
T. IMP3/L523S, a novel immunocytochemical
marker that distinguishes benign and malig-
nant cells: the expression profiles of IMP3/
L523S in effusion cytology. Hum Pathol 2010;
41: 745-50.

Hanley KZ, Facik MS, Bourne PA, Yang Q,
Spaulding BO, Bonfiglio TA, Xu H. Utility of anti-
L523S antibody in the diagnosis of benign and
malignant serous effusions. Cancer 2008;
114: 49-56.

Zhu W, Michael CW. WT1, Monoclonal CEA,
TTF1, and CA125 antibodies in the differential
diagnosis of lung, breast, and ovarian adeno-
carcinomas in serous effusions. Diagn
Cytopathol 2007; 35: 370-75.

Dejmek A, Naucler P, Smedjeback A, Kato H,
Maeda M, Yashima K, Maeda J, Hirano T.
Napsin A (TAO2) Is a UsefulAlternative to
Thyroid Transcription Factor-1 (TTF-1) for the
Identification of Pulmonary Adenocarcinoma
Cells in Pleural Effusions. Diagn Cytopathol
2007; 35: 493-97.

King JE, Thatcher N, Pickering CA, Hasleton PS.
Sensitivity and specificity of immunohisto-
chemical markers used in the diagnosis of epi-
theloid mesothelioma: A detailed systematic
analysis using published data. Histopathology
2006; 48: 223-232.

Stenhouse G, Fyfe N, King G, Chapman A, Kerr
KM. Thyroid transcription factor 1 in pulmo-
nary adenocarcinoma. J Clin Pathol 2004; 57:
383-387.

Dejmek A, Naucler P, Smedjeback A, Kato H,
Maeda M, Yashima K, Maeda J, Hirano T.
Napsin A (TAO2) is a useful alternative to thy-
roid transcription factor-1 (TTF-1) for the identi-
fication of pulmonary adenocarcinoma cells in
pleural effusions. Diagn Cytopathol 2007; 35:
493-7.

Zhu W, Michael CW. WT1, monoclonal CEA,
TTF1, and CA125 antibodies in the differential
diagnosis of lung, breast, and ovarian adeno-
carcinomas in serous effusions. Diagn
Cytopathol 2007; 35: 370-5.

Rivero ER, Neves AC, Silva-Valenzuela MG,
Sousa SO, Nunes FD. Simple salting-out meth-
od for DNA extraction from formalin-fixed, par-
affin-embedded tissues. Pathol Res Pract
2006; 202: 523-9.

Gillio-Tos A, De Marco L, Fiano V, Garcia-
Bragado F, Dikshit R, Boffetta P, Merletti F.
Efficient DNA extraction from 25-year-old par-
affin-embedded tissues: study of 365 sam-
ples. Pathology 2007; 39: 345-8.

Mahajan SK, Rolain JM, Kashyap R, Bakshi D,
Sharma V, Prasher BS, Pal LS, Raoult D. Scrub
typhus in Himalayas. Emerg Infect Dis 2006
Oct; 12: 1590-2.

Int J Clin Exp Pathol 2014;7(9):5810-5818


mailto:287445851@qq.com

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

CK5/6, IMP3 and TTF1 in pleural effusion

Noyes HA, Reyburn H, Bailey JW, Smith D. A
nested-PCR-based schizodeme method for
identifying Leishmania kinetoplast minicircle
classes directly from clinical samples and its
application to the study of the of Leishmania
tropica in Pakistan. J Clin Microbiol 1998; 36:
2877-2881.

Findeis-Hosey JJ, Xu H. Insulin-like growth fac-
tor Il-messenger RNA-binding protein-3 and
lung cancer. Biotech Histochem 2012; 87: 24-
9.

Hanley KZ, Facik MS, Bourne PA, Yang Q,
Spaulding BO, Bonfiglio TA, Xu H. Utility of anti-
L523S antibody in the diagnosis of benign and
malignant serous effusions. Cancer 2008;
114: 49-56.

Mueller F, Bommer M, Lacher U, Ruhland C,
Stagge V, Adler G, Gress TM, Seufferlein T. KOC
is a novel molecular indicator of malignancy.
Br J Cancer 2003; 88: 699-701.

Saleh HA, El-Fakharany M, Makki H, Kadhim A,
Masood S. Differentiating reactive mesothelial
cells from metastatic adenocarcinoma in se-
rous effusions: The utility of immunocytochem-
ical panel in the differential dignosis. Diagn
Cytopathol 2009; 37: 324-332.

lkeda K, Tate G, Suzuki T, Kitamura T, Mitsuya
T. Diagnostic usefulness of EMA, IMP3, and
GLUT-1 for the Immunocytochemical distinc-
tion of malignant cells from reactive mesothe-
lial cells in effusion cytology using cytospin
preparations. Diagn Cytopathol 2011; 39:
395-401.

Lee AF, Gown AM, Churg A. IMP3 and GLUT-1
immunohistochemistry for distinguishing be-
nign from malignant mesothelial proliferations.
Am J Surg Pathol 2013; 37: 421-6.

Ordonez NG. The immunohistochemical diag-
nosis of mesothelioma: A comparative study of
epithelioid mesothelioma and lung adenocar-
cinoma. Am J Surg Pathol 2003; 27: 1031-
1051.

Bhalla R, Siddiqui MT, Mandich D, Cartun RW,
Fiel-Gan MD, Nassar A, Mandavilli SR.
Diagnostic utility of D2-40 and podoplanin in
effusion cell blocks. Diagn Cytopathol 2007;
35: 342-347.

Hammar SP. Metastatic adenocarcinoma of
unknown primary origin. Hum Pathol 1998;
29: 1393-1402.

Nystrom JS, Weiner JM, Heffelfinger-Juttner J,
Irwin LE, Bateman JR, Wolf RM. Metastatic and
histologic presentations in unknown primary
cancer. Semin Oncol 1977; 4: 53-58.
Varadhachary GR, Abbruzzese JL, Lenzi R.
Diagnostic strategies for unknown primary
cancer. Cancer 2004; 100: 1776-1785.

5818

(32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

Ordonez NG. Thyroid transcription factor is a
marker of lung and thyroid carcinomas. Adv
Anat Pathol 2000; 7: 123-127.

Anagnostou VK, Syrigos KN, Bepler G, Homer
RJ, Rimm DL. Thyroid transcription factor 1 is
an independent prognostic factor for patients
with stage | lung adenocarcinoma. J Clin Oncol
2009; 27: 271-8.

Ng WK, Chow JC, Ng PK. Thyroid transcription
factor-1 is highly sensitive and specific in dif-
ferentiating metastatic pulmonary from extra-
pulmonary adenocarcinoma in effusion fluid
cytology specimens. Cancer Cytopathol 2002;
96: 43-48.

Gomez-Fernandez C, Jorda M, Delgado PI,
Ganjei-Azar P. Thyroid transcription factor 1: A
marker for lung adenocarcinoma in body cavity
fluids. Cancer Cytopathol 2002; 96: 289-293.
Jang KY, Kang MJ, Lee DG, Chung MJ. Utility of
thyroid transcription factor-1 and cytokeratin 7
and 20 immunostaining in the identification of
origin in malignant effusions. Anal Quant Cytol
Histol 2001; 23: 400-440.

Afify AM, al-Khafaji BM. Diagnostic utility of thy-
roid transcription factor-1 expression in adeno-
carcinomas presenting in serous fluids. Acta
Cytol 2002; 46: 675-678.

Ordonez NC. The immunohistochemical diag-
nosis of mesothelioma: A comparative study of
epithelioid mesothelioma and lung adenocar-
cinoma. Am J Surg Pathol 2003; 27: 1031-
1051.

Yaziji H, Battifora H, Barry TS, Hwang HC,
Bacchi CE, Mclntosh MW, Kussick SJ, Gown
AM. Evaluation of 12 antibodies for distin-
guishing epithelioid mesothelioma from ade-
nocarcinoma: Identification of a three-antibody
immunohistochemical panel with maximal
sensitivity and specificity. Mod Pathol 2006;
19: 514-523.

Tang Y, Xu L. Superiority and clinical signifi-
cance of Lunx mRNA in the diagnosis of malig-
nant pleural effusion caused by pulmonary
carcinoma. J Exp Clin Cancer Res 2013 Jun 8;
32: 37.

Sepp R, Szabd |, Uda H, Sakamoto H. Rapid
techniques for DNA extraction from routinely
processed archival tissue for use in PCR. J Clin
Pathol 1994; 47: 318-23.

Pui CF, Wong WC, Chai LC, Lee HY, Noorlis A,
Zainazor TC, Tang JY, Ghazali FM, Cheah YK,
Nakaguchi Y, Nishibuchi M, Radu S. Multiplex
PCR for the concurrent detection and differen-
tiation of Salmonella spp.,Salmonella Typhi
and Salmonella Typhimurium. Trop Med Health
2011; 39: 9-15.

Int J Clin Exp Pathol 2014;7(9):5810-5818



