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Abstract

Background and objectives: Mesothelioma is an aggres-
sive tumor with a poor prognosis. Histological diagnosis of
mesothelioma using limited tissue samples can be challeng-
ing. Carbonic anhydrase IX (CAIX) is a transmembrane pro-
tein that is overexpressed in a variety of solid tumors. This
study aimed to investigate the clinical utility of CAIX expres-
sion in the differential diagnosis of pleural mesothelioma
from non-small cell lung carcinoma (NSCLC). Methods:
Unstained tissue microarray slides composed of 56 cases of
pleural mesothelioma and 82 cases of NSCLC were subject-
ed to immunohistochemical staining using a mouse anti-hu-
man antibody against CAIX. Results: Of the 38 epithelioid
mesothelioma cases, 34 (89%) displayed diffuse and strong
cytoplasmic membrane reactivity, while the remaining four
cases (11%) showed weak to moderate staining in tumor
cells. Five out of sixteen (5/16) sarcomatoid mesothelioma
cases were negative. Among the non-small cell lung carci-
noma cases, 76% (32/42) of adenocarcinomas and 57%
(21/37) of squamous cell carcinomas were completely
negative, whereas the remaining cases showed focal weak
expression of CAIX. Conclusions: Our study demonstrates
that CAIX expression has a high sensitivity (100%) in de-
tecting pleural epithelioid mesothelioma, which is compa-
rable to or better than currently used mesothelial markers.
The specificity of CAIX is within a comparable range to that
of commonly used mesothelial markers for differentiating
epithelioid mesothelioma from NSCLC. Therefore, we rec-
ommend that CAIX immunohistochemistry staining be con-
sidered as an additional tool for the differential diagnosis
of mesothelioma, particularly pleural epithelioid mesothe-
lioma, from its common mimicker, NSCLC.
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Introduction

Mesothelioma is an aggressive neoplasm that develops in
the lining of internal organs and body cavities. The mortal-
ity rate of mesothelioma is high due to late diagnosis and
resistance to treatment.! Mesothelioma is histologically clas-
sified into epithelioid, sarcomatoid, and biphasic types.2:3
Epithelioid mesothelioma (EM) is characterized by polygonal,
oval, or cuboidal cells with growth patterns that include tu-
bulopapillary, trabecular, micropapillary, and solid, although
less common patterns, such as adenomatoid, can also oc-
cur.*> The pathological diagnosis of mesothelioma is based
on histomorphological features and immunohistochemical
(IHC) staining, which can be challenging when tissue sam-
ples are limited. It is recommended that IHC workups include
at least two mesothelial markers, in addition to markers for
epithelial neoplasms, particularly for lung adenocarcinoma.
The general recommendation is to select mesothelial mark-
ers with specificity and sensitivity greater than 80%.2# Cur-
rently, the commonly used markers to aid in the diagnosis
of mesothelioma include calretinin, cytokeratin 5/6 (CK5/6),
Wilms’ tumor 1 (WT1) and podoplanin (D2-40). However,
the sensitivity and specificity of these markers vary in the
diagnosis of mesothelioma from its histological mimickers.?2
Although recent identification of molecular targets in meso-
thelioma, such as breast cancer gene (BRCA1) -associated
protein 1 (60.0% sensitivity), methylthioadenosine phos-
phorylase (42.2% sensitivity), and merlin/nuclear factor 2
(NF2), has improved diagnostic accuracy in effusion speci-
mens, particularly for confirming EM,%-8 most pathology labs
have not yet adopted these new antibodies. Moreover, stud-
ies have shown that mesothelioma exhibits molecular diver-
sity.? Consequently, immunostaining for these markers can
be time-consuming, and a negative result does not rule out a
diagnosis of mesothelioma. Additional markers are needed to
enhance diagnostic sensitivity for mesothelioma.0

Carbonic anhydrases are a group of ubiquitous, zinc-con-
taining metalloenzymes that catalyze the reversible hydra-
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tion of carbon dioxide.!! Carbonic anhydrase IX (CAIX) is
one of the isoforms of carbonic anhydrases found on cell
membranes and has been shown to play a critical role in
tumor progression.12:13 CAIX is expressed at low levels in
most normal tissues,!* but it is overexpressed in various
solid or hypoxic tumors,!> the most common being clear
cell renal cell carcinoma. Previous studies have demon-
strated that high CAIX expression in tumor cells is associ-
ated with poor response to chemotherapy, increased lymph
node involvement, and distant metastasis in patients with
head and neck squamous cell carcinoma (SCC).16 In addi-
tion, CAIX has been reported as an independent marker for
poor prognosis in patients with breast cancer and resect-
able hepatocellular carcinoma.1’-1° Consequently, CAIX in-
hibitors have recently been considered for targeted thera-
pies in cancer treatment.20.21 Recent studies have observed
that CAIX is expressed in both mesothelioma and benign
mesothelial cells.22-24 In our routine IHC workup for tumors
of unknown origin, we found strong membrane staining of
CAIX in pleural mesothelioma. However, the sensitivity
and specificity of CAIX expression in diagnosing malignant
mesothelioma and its differential diagnosis from histologi-
cal mimickers are not well-evaluated. In this study, we con-
ducted a large-scale investigation on pleural mesothelioma
and non-small cell lung carcinoma (NSCLC) using tissue
microarray (TMA) and IHC to examine the sensitivity and
specificity of CAIX expression in these tumors.

Materials and methods

Case selection and TMA construction

A group of 56 pleural mesothelioma cases, which did not
overlap with the six cases in our pilot study, and 82 cases
of NSCLC were prospectively collected over an 11-year pe-
riod from 1993 to 2013 in the Department of Pathology at
Roswell Park Comprehensive Cancer Institute, Buffalo, New
York. Three punch cores from each case, as well as benign
tissue from various organs, were used to assemble the TMA.
The pleural mesothelioma TMA included 38 epithelioid-type,
16 sarcomatoid-type, and two desmoplastic-type cases. The
NSCLC TMA was composed of 82 cases, including 42 adeno-
carcinomas, 37 SCC, two large cell lung carcinomas, and one
pleomorphic carcinoma. For both TMAs, the patient’s gender,
age, tumor grade, and location were recorded. All protocols
for this study were approved by the Institutional Review
Board at Roswell Park Comprehensive Cancer Center (Buf-
falo, NY).

IHC stains

TMA blocks were cut at 4 um, placed on charged slides, and
dried at 60°C for one hour. Slides were cooled to room tem-
perature and added to the Dako Omnis autostainer, where
they were deparaffinized with Clearify (American Mastertech;
catalog #CACLEGAL) and rinsed in water. Flex TRS High
(Dako; catalog #GV804) was used for target retrieval for 30
m. Slides were incubated with CAIX (rabbit polyclonal I1gG,
Santa Cruz #sc-25599) for 30 m at 1/50 (4 ug/mL IgG). Rab-
bit Linker (Dako #GV809) was applied for 10 m, followed by
horseradish peroxidase (HRP) for 20 m (Dako #GV823). DAB
(Diaminobenzidine) (Dako; catalog #K3468) was applied for
5 m for visualization. Slides were counterstained with He-
matoxylin for 8 m and then placed into water. After removal
from the Omnis, the slides were dehydrated, cleared, and
coverslipped. TMA sections from both mesothelioma and
NSCLC were subjected to hematoxylin and eosin (H&E) stain-
ing for confirmation of tumor presence and histological type.
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IHC scoring and statistical analysis

Membranous staining of CAIX was considered positive ex-
pression in tumor cells, while cytoplasmic expression of CAIX
in both tumor and stromal cells was considered negative
(background) staining. The IHC scores were evaluated in-
dependently by two pathologists (ZL and TZ). The membra-
nous staining intensity of CAIX (ranging from zero to three
points) and the distribution (diffuse, patchy, or scant) of
positive tumor cells were recorded. Diffuse CAIX expression
was defined as membranous staining in =50% of tumor cells
(three points), 11-49% as patchy positivity (two points), and
<10% as scant positivity (one point). The final score was the
product of the staining intensity multiplied by the distribution
of membranous-positive tumor cells.

Results

In a routine IHC workup for a tumor of unknown primary, we
observed a strong membranous staining pattern of CAIX in
pleural mesothelioma (index case). As illustrated in Figure 1,
the intensity of IHC staining for CAIX in an EM is as strong
as calretinin, one of the most commonly used mesothelial
markers (Fig. 1b and d). Additionally, the CAIX reactivity
is stronger than that of other mesothelial markers, such as
CK5/6, in both intensity and the percentage of positive tumor
cells (Fig. 1c). These findings prompted us to further investi-
gate the sensitivity and specificity of CAIX in mesothelioma.

The sensitivity of CAIX expression in mesotheliomas was
evaluated on a TMA consisting of 56 mesothelioma cases us-
ing IHC staining. This TMA panel included 41 (73%) male and
15 (27%) female patients, with a median age of 66.5 years
(range: 36 to 86 years). We found that all 38 cases of EM
were positive for CAIX, with 89% (34/38) displaying diffuse
and strong reactivity in tumor cells (Fig. 2). Eleven of sixteen
(69%) sarcomatoid mesothelioma cases showed patchy, low-
to-moderate expression levels of CAIX (Fig. 3). Two desmo-
plastic mesothelioma cases also showed weak positivity for
CAIX (Fig. 2). There was no distinction in terms of expres-
sion level and staining patterns between mesothelioma and
benign mesothelial cells.

The specificity of CAIX expression was assessed using a
TMA comprising 82 NSCLC cases, including 40 (49%) male
and 42 (51%) female patients, with a median age of 68 years
(range: 16 to 86 years). In lung adenocarcinomas, 76%
(32/42) of cases were completely negative for CAIX, while
the remaining cases (24%) showed focal, low-to-moderate
expression levels of CAIX. In SCC, 70% (26/37) of cases
were negative, and 30% (11/37) showed focal weak staining
of CAIX (Fig. 4). Large cell lung carcinoma (2/2) and pleo-
morphic carcinoma (1/1) cases were completely negative for
CAIX. Figure 5 illustrates the negative staining of CAIX in one
lung adenocarcinoma.

Discussion

The pathologic diagnosis of mesothelioma remains challeng-
ing, especially in limited tissue samples such as cytology and
small biopsies.2 Current guidelines recommend demonstrat-
ing mesothelial origin by including at least two mesothelial
markers and two epithelial markers with specificity and sen-
sitivity greater than 80%.24 It is well understood that each
commonly used mesothelial marker has potential pitfalls in
terms of sensitivity and specificity. For example, calretinin is
one of the most commonly used IHC markers, with nearly
100% sensitivity. However, its specificity is not as high, as
approximately 40% of lung SCCs display at least focal reac-
tivity to calretinin. CK5/6 is another useful mesothelial mark-
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Fig. 1. An index case of CAIX expression in epithelioid mesothelioma. (a) Hematoxylin and eosin (H&E) stain (100x) on a needle biopsy specimen showing
clusters of epithelioid tumor cells in a fibrotic stroma. (b) Corresponding area to (a) with positive nuclear and cytoplasmic calretinin staining in tumor areas (40x). (c)
CK5/6 shows patchy and moderately positive staining of tumor cells (40x). (d) CAIX staining is diffuse and strong in the tumor cells (40x). CAIX, carbonic anhydrase
IX; CK5/6, cytokeratin 5/6.

Sensitivity of CAIX Immunohistochemical Stains in Malignant
Mesothelioma
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Fig. 2. Malignant mesothelioma tissue microarray immunostaining for CAIX. The y-axis represents the number of cases. The intensity of CAIX immunostaining
is classified into strong & diffuse positivity (blue), weak-to-moderate positivity (red), and negative expressions (green). On the x-axis, CAIX, carbonic anhydrase IX;
DM, desmoplastic mesothelioma; EM, epithelioid mesothelioma; IHC, immunohistochemical; SM, sarcomatoid mesothelioma.
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Fig. 3. Immunohistochemical studies in a sarcomatoid mesothelioma. (a) Hematoxylin and eosin (H&E) stain (100x) with inset (400x) showing spindle cell
tumor in a pleura biopsy. (b) Corresponding area to (a). Calretinin immunohistochemical staining (100x) shows focal, weak-to-moderate staining (2+) of tumor cells;
inset (400x). (c) D2-40 staining (100x) in the corresponding area to (a), and inset (400x), highlights rare tumor cells with weak staining (1+). (d) CAIX staining
(100x) in the corresponding area to (a) and inset (400x) shows patchy staining. However, within these areas, the tumor cells exhibit strong, diffuse CAIX staining (3+).
CAIX, carbonic anhydrase IX; D2-40, podoplanin.
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Fig. 4. The specificity of CAIX immunostaining on TMA of non-small cell lung carcinoma. The y-axis represents the percentage (%) of tumors that show nega-
tive reactivity in lung adenocarcinoma and squamous cell carcinoma, respectively. CAIX, carbonic anhydrase IX; TMA, tissue microarray.
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Fig. 5. Expression of CAIX in poorly differentiated lung adenocarcinoma. (a) Hematoxylin and eosin (H&E) stain (400x). Both epithelial markers, MOC31 (b, 400x)
and BerEP4 (c, 400x), show strong diffuse positive staining, supporting the diagnosis of lung adenocarcinoma. (d) CAIX is completely negative in the tumor (20x).

CAIX, carbonic anhydrase IX.

er with 75-100% sensitivity, but nearly 100% of lung SCCs
are also positive for CK5/6. D2-40 shows 90-100% sensitiv-
ity, but 50% of lung SCCs are positive for this marker. While
WT1 is almost completely negative in lung SCC, its sensitivity
is approximately 70-95%.2:25-27 Both CK5/6 and WT1 are
negative in sarcomatoid mesothelioma, whereas calretinin
and D2-40 may show positive expression in this subtype.?8
Furthermore, studies have shown that sarcomatoid meso-
thelioma loses high molecular weight cytokeratin (HMWCK)
expression but retains low molecular weight cytokeratin (LM-
WCK) expression.2:30 In recent years, new markers such as
mesothelin, Fibulin-3, HMGB1 protein, aquaporins, and os-
teopontin have been explored for the diagnosis of mesothe-
lioma. However, most are not yet applicable in clinical prac-
tice due to study controversies, limitations to higher-stage
disease, or specific tissue types.3!

It has been reported that high expression of CAIX is as-
sociated with poor prognosis in various malignancies, high-
lighting its importance in tumor progression.6:17.19 CAIX was
initially detected by reverse transcriptase polymerase chain
reaction, showing high expression in mesothelioma in pleu-
ral fluids.3?2 Subsequently, immunohistochemical studies re-
vealed abundant expression of CAIX in both malignant meso-
thelioma and benign mesothelial cells.22-24 Kivela et al.?2 also
reported high expression of CAIX in 27 cases of malignant
pleural mesothelioma, although the percentage of positive
cases was not provided. In our current study, we demon-
strated that IHC staining of CAIX has high sensitivity (100%)

in detecting pleural EM and 91% (51/56) across all types of
pleural mesothelioma, which is equal to or better than that of
commonly used mesothelioma markers. On the other hand,
the majority (99%) of non-small cell lung carcinomas were
either negative or weakly positive for CAIX, including 100%
(42/42) of adenocarcinomas, 97% (36/37) of squamous cell
carcinomas, 100% of large cell lung carcinomas (2/2), and
100% of pleomorphic carcinoma (1/1). Our data demon-
strate that CAIX can be an additional biomarker to facilitate
the differential diagnosis in some morphologically challeng-
ing cases, especially EM vs. lung adenocarcinoma when rou-
tine IHC markers showed inconclusive staining results.

The molecular mechanism and biological significance of
CAIX expression in mesothelioma may be related to its key
role in tumorigenesis, as hypoxia and acidosis are character-
istic features of many tumors due to the lactic acid fermenta-
tion response to insufficient oxygen supply.!2:13 Upregulated
under hypoxia conditions, CAIX stabilizes pH levels, helping
cancer cells adapt to the adverse acidic conditions in the tu-
mor microenvironment.33 Consequently, CAIX has been iden-
tified as an adverse factor in several malignancies, including
SCC of the head and neck and breast cancers, due to hypoxia
and acidosis increasing the likelihood of resistance to chemo-
radiation therapies.3*

One limitation of our study is that CAIX sensitivity was
only tested on pleural mesothelioma. Additional evaluation of
CAIX expression in mesotheliomas from peritoneal or other
sites is needed. Further validation of TMA findings is also
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warranted in resection specimens, particularly for CAIX spec-
ificity in non-small cell lung cancers.

Conclusions

Our study demonstrated that immunohistochemical staining
for CAIX has high sensitivity and specificity for pleural epi-
thelioid mesothelioma. CAIX IHC staining can be a useful tool
for the differential diagnosis of pleural mesothelioma from its
common mimicker, NSCLC.
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