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Abstract Paired-box (PAX) genes constitute a family of
genes involved in development. PAXS is expressed in B lin-
eage lymphomas. Recent studies report positive staining of
polyclonal PAXS8 in B cell proliferations due to N-terminus
homology between PAXS and PAX8. However, the expres-
sion of PAX2 or monoclonal antibodies against the
N-terminus of PAX8 (PAX8N) in these neoplasms has not
been fully evaluated. The goal of this study was to evaluate
the expression of PAX8N, monoclonal C-terminus PAX8
(PAX8C), and polyclonal PAX2 in hematologic malignancies
and to compare the results with PAX5. Immunohistochemical
(IHC) staining for PAXS, PAX8N, PAX8C, and PAX2 was
performed on follicular lymphoma grades 1-3 (FL1-FL3),
diffuse large B cell lymphoma (DLBCL), small lymphocytic
lymphoma (SLL), nodal marginal zone lymphoma (MZL),
mantle cell lymphoma (MCL), classical Hodgkin lymphoma
(cHL), plasmacytoma, anaplastic large cell lymphoma
(ALCL), and peripheral T cell lymphoma (PTCL).
Expression was scored based on percentage of nuclear stain-
ing in neoplastic cells. PAX8N staining correlated with PAXS
and was positive in all B cell neoplasms examined, while
PAX8C was negative. PAX2 had sporadic expression in
FL2, FL3, DLBCL, and MCL. All PAX stains were nearly
or entirely negative in plasmacytomas, ALCL, and PTCL.
PAXSN stains B cell neoplasms and its positivity parallels
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PAXS. PAX8C does not stain any of the aforementioned neo-
plasms, and PAX2 shows no distinct pattern. While PAX8C
has a role in discriminating lymphoid and epithelial malignan-
cies, PAX8N, polyclonal PAXS, and PAX2 do not. This study
illustrates the importance of knowing specific IHC targets to
avoid misdiagnosis.
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Paired-box (PAX) genes are a family of transcription factors
that are involved in embryonic development and differentia-
tion. Their expression persists in a subset of mature tissue such
as renal tubules, while in many others disappears. PAX protein
expression may resurface during the development of certain
malignancies [1, 2]. PAX genes can be classified into four
subgroups based on their gene sequence; embryonic expres-
sion is also correlated within these subgroups. PAX2, PAXS,
and PAXS are categorized together under one of these four
classes [3]. PAXS is involved in early B lymphocyte differen-
tiation and is expressed in neoplastic B lymphocytes as well as
all stages of benign B lymphocytes except for plasma cells
[4, 5]; PAX8 is associated with tumors arising from the thy-
roid, kidney, and upper urinary tract and the Miillerian system;
PAX2 is expressed in Miillerian neoplasms and subsets of
kidney tumors [1-3].

Few recent studies report expression of polyclonal PAXS
by non-neoplastic lymphoid cells using immunohistochemis-
try (IHC) [6-8]. However, structural studies have led to the
hypothesis that positive staining of polyclonal PAX8 in some
lymphoid neoplasms is due to cross reactivity with the
N-terminal portion of the PAXS protein. Upon gene sequence
analysis, the N-terminus of PAX5 and PAXS contained high
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sequence homology [6]. There have also been scattered re-
ports of expression of PAX2 in benign lymphocytes and lym-
phoid neoplasms, though the possibility of cross reactivity has
also been raised [9, 10].

Index case A 66-year-old woman presented to our institution
with abdominal pain and was found to have an 8-cm right
kidney mass and enlarged retroperitoneal lymph nodes by
imaging, which was suspicious for renal cell carcinoma.
Biopsy of the mass contained a spindle cell neoplasm with
marked pleomorphism and hyperchromasia. The neoplastic
cells were negative for keratin AE1-AE3 IHC staining but
positive for PAXS, and the case was signed out as undifferen-
tiated malignant neoplasm suggestive of sarcomatoid renal
cell carcinoma (Fig. 1). She then underwent a total nephrec-
tomy. The kidney contained a large mass with discohesive
cells exhibiting highly pleomorphic and anaplastic nuclei, fre-
quent apoptosis, and numerous mitoses. Again, the keratin
AE1-AE3 was negative and PAX8 was positive (Fig. 2).
Given the morphology, a leucocyte common antigen (LCA;
CD45) IHC was performed and was positive. Additional con-
firmatory stains including CD20 were positive, and the case
was signed out as a diffuse large B cell lymphoma (DLBCL).

Upon identification of monoclonal PAXS staining in the
aforementioned DLBCL, additional cases were further evalu-
ated for staining with the antibody for quality assurance pur-
poses, and all demonstrated diffuse and strong nuclear stain-
ing with monoclonal PAX8. The monocloncal PAX8 clone
used in these cases (mouse monoclonal, clone MRQ-50,
Ventana, ready to use) is targeted at the N-terminus. In our
review of the literature, there have been no reports of mono-
clonal PAXS8 antibody expression in lymphoid tissue; positive
IHC staining has only been reported with polyclonal PAXS8
antibodies [6-8].
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Fig. 1 Kidney biopsy from index case. a Hematoxylin and eosin.
b PAXS8N (original magnification x100 [a, b])
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Therefore, we sought to evaluate the expression of
two monoclonal PAX8 antibodies—one directed at the
N-terminus (PAX8N) and one directed at the C-terminus
(PAX8C)—in a larger subset of hematologic malignancies.
In parallel, since PAX2 expression has not been fully evaluat-
ed in different hematologic neoplasms, we studied the IHC
staining pattern of PAX2 in the same cohort of tumors. The
goal of this study was to determine the likelihood of immuno-
reactivity for monoclonal PAX8 (N-terminus vs. C-terminus)
and PAX2 in subsets of lymphoproliferative disorders and to
compare these staining profiles to that of PAXS.

Materials and methods
Patients and samples

After the study was approved by the University of Vermont
Institutional Review Board and the Vermont Cancer Center
Protocol Review and Monitoring Committee, a laboratory in-
formation system search was conducted from the University
of Vermont Medical Center archives for cases of follicular
lymphoma grades 1-3 (FL1-3), diffuse large B cell lympho-
ma (DLBCL), small lymphocytic lymphoma (SLL), nodal
marginal zone lymphoma (MZL), mantle cell lymphoma
(MCL), classical Hodgkin lymphoma (cHL), plasmacytoma,
anaplastic large cell lymphoma (ALCL), and peripheral T cell
lymphoma (PTCL) specimens between 2001 and 2011. Cases
were reviewed and selected for inclusion in the study if the
diagnosis was confirmed and adequate tissue was available for
further IHC studies. A total of 20 cases of FL1, 13 cases of
FL2, 10 cases of FL.3, 23 cases of DLBCL, 23 cases of SLL, 8
cases of MZL, 9 cases of MCL, 15 cases of cHL, 14 cases of
plasmacytoma, 8 cases of ALCL (4 ALK-positive and 4 ALK-
negative), and 4 cases of PTCL were included in the study.

Immunohistochemical staining

Upon review of all cases, a formalin-fixed, paraffin-embedded
tissue block was selected from each case for IHC study. For
PAXS, PAX8C, and PAX2, 5-um-thick tissue sections were
cut, deparaffinized in xylene, rehydrated through a graded
series of ethanol solutions, and then washed with distilled
water. The slides were then subjected to IHC staining for
PAXS (rabbit monoclonal, clone SP34, Thermo Scientific,
1:50 dilution, 8.0 pH EDTA retrieval), PAX8C (mouse mono-
clonal, clone PAX8R1, Abcam, 1:50 dilution, 6.0 pH citrate
retrieval), and PAX2 (rabbit polyclonal, clone 08-1483,
Invitrogen, 1:50 dilution, 6.0 pH citrate retrieval) using the
UV LP Thermo Scientific IHC detection kit and stained using
the Lab Vision auto stainer. For PAX8N (mouse monoclonal,
clone MRQ-50, Ventana, ready to use), 5-pum-thick tissue sec-
tions were cut, heated, then placed on the fully automated
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Fig. 2 Kidney resection from
index case. a Hematoxylin and
eosin. b PAX8N. ¢ PAX8C
(original magnification x100

[a, b])

Ventana Benchmark Ultra system using the Opti View IHC
detection kit. Positive and negative controls yielded appropri-
ate results. PAX expression was evaluated by two of the au-
thors (JLC and MZ) independently. The few cases with dis-
crepancies in degree of positive scoring were further
discussed, and consensus was achieved. Expression for all
entities except for cHL was scored based on percentage of
nuclear staining: 0=<5 %, 1=5-25 %, 2=26-50 %, 3=51-
75 %, and 4=>75 %. Due to the paucity of Reed-Sternberg
cells in a number of cases of cHL, expression was noted to be
positive or negative. The intensity of nuclear staining (strong,
moderate, weak) was also noted.

Statistical analysis

In order to compare the IHC expression data for PAX2,
PAX8N, and PAXS8C to that of PAXS5, within individual cases,
the raw expression data of all entities except for cHL was
analyzed using the signed rank test, which is the non-
parametric equivalent of the paired ¢ test. For cHL, the raw
expression data was analyzed using the McNemar’s test for
agreement. The significance level for all statistical tests was
set, a priori, to alpha=0.05. The statistical analysis software
used for the analyses was SAS, ver. 9.2 (SAS Institute, Inc.,
Cary, NC, USA).

Results

Table 1 lists the frequency of scores (0—4) for PAXS, PAX8N,
PAX8C, and PAX2 for each of the lymphoid neoplasms ex-
amined. In all lymphoid malignancies examined, there was no
difference in staining between PAX8N and PAXS5 and the
expression correlated (Table 2) and was diffusely and strongly
positive in FL1-3, DLBCL, SLL, MZL, and, MCL. The
Reed-Sternberg cells of cHL were weakly positive for both
PAXS5 and PAX8N, though the staining of PAX8N was weak-
er than that of PAX5. PAX8C expression was negative in all

neoplasms examined. PAX2 showed some expression in FL2,
FL3, DLBCL, and MCL, but was usually weak or moderate in
intensity. All PAX stains were nearly or entirely negative in
plasmacytomas, ALCL, and PTCL.

Discussion

It is known that PAXS immunoproxidase is a robust marker of
B cell lymphoid proliferations. In contrast, in the same subset
of tumors, expression status of other PAX markers such as
PAXS is not widely recognized. PAXS5 is involved in early B
lymphocyte differentiation and is well known to be expressed
in B cell neoplasms as well as all stages of benign B lympho-
cytes except for plasma cells [4, 5]. Per Adams et al [11],
while CD20 and CD79a are superior, in mature lymphoid
neoplasms PAXS5 should be considered as a third-line B cell
marker in equivocal cases. In their review, which included a
host of B cell and T cell neoplasms, they identified a specific-
ity of 88 % and sensitivity of 82 % for PAX5 in detecting
mature B cell neoplasms.

In parallel, a study by Torlakovic et al [5] showed that
100 % of all FL, SLL, MZL, and MCL and 90 % of
DLBCL were strongly immunoreactive for PAXS, with an
additional 6 % of DLBCL with weak immunoreactivity. The
Reed-Sternberg cells in cHL were weakly positive for PAX5
(92 %) and another 5 % were strongly positive for PAXS5. All
(100 %) of ALCL and PTCL examined were negative for
PAXS. Only 5 % (2/39) of plasma cell myelomas had weak
positivity for PAXS, while the remainder of myelomas as well
as the few examined plasmacytomas were negative. The result
of PAXS staining in our study closely parallels these findings,
with 100 % of FL, DLBCL, SLL, MZL, and MCL being
strongly positive for PAXS and 100 % of cHL being weakly
positive for PAXS. Of the plasmacytomas, 21 % (3 of 14) were
positive for PAXS and 100 % of ALCL and PTCL were
negative.
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Table 1 Frequency of PAX

expression by score in lymphoid PAX5 PAXS8N PAXS8C PAX2 PAX5 PAXSN PAXS8C PAX2
neoplasms
FL1,n=20 MZL,n=38
0:<5% 0 0 20 20 0:<5% 0 0 8 7
1:5-25 % 0 0 0 0 1:5-25 % 0 0 0 0
2:26-50 % 0 0 0 0 2:26-50% 0 1 0 1
3:51-75% 1 3 0 0 3:51-715% 0 1 0 0
4:>75 % 19 17 0 0 4:>75 % 8 6 0 0
FL2,n=13 MCL, n=9
0:<5 % 0 0 13 10 0:<5% 0 0 9 2
1:5-25 % 0 0 0 3 1:5-25% 0 0 0 2
2:26-50% 0 0 0 0 2:26-50% 0 0 0 3
3:51-75% 0 1 0 0 3:51-715% 0 0 0 2
4:>75 % 13 12 0 0 4:>75 % 9 9 0 0
FL3,n=10 Plasmacytoma, n= 14
0: <5 % 0 0 13 0 0:<5% 11 12 14 14
1: 5-25 % 0 0 0 0 1:5-25% 1 0 0 0
2:26-50% 0 0 0 1 2:26-50% 0 0 0 0
3:51-75% 0 1 0 8 3:51-715% 0 0 0 0
4:>75 % 13 12 0 1 4:>75 % 2 2 0 0
DLBCL, n=23 ALCL,n=8
0: <5 % 0 0 23 5 0:<5 % 8 8 8 8
1: 5-25 % 0 0 0 4 1:5-25 % 0 0 0 0
2:26-50% 0 1 0 4 2:26-50% 0 0 0 0
3:51-75% 0 1 0 9 3:51-75% 0 0 0 0
4:>75 % 23 21 0 1 4:>75 % 0 0 0 0
SLL, n=23 PTCL, n=4
0: <5 % 0 0 23 23 0:<5% 4 4 4 4
1:5-25 % 0 0 0 0 1:5-25 % 0 0 0 0
2:26-50% 0 1 0 0 2:26-50% 0 0 0 0
3:51-15% 7 1 0 0 3:51-75% 0 0 0 0
4:>75 % 16 21 0 0 4:>75 % 0 0 0 0
cHL, n=15
Negative 0 3 15 14
Positive 15 12 0 1
Table 2 Comparison of PAX5 vs PAX8N, PAX8C, and PAX2 Several studies have reported PAXS8 positivity in B cell
(p values) neoplasms, but this immunoreactivity is theorized to be due
PAXS vs PAXS vs PAX5vs  to cross-reactivity with PAXS [6-8]. Moretti et al [6] demon-
PAXSN PAX8C PAX2 strated that there is high gene sequence homology between the
N-terminal portions of PAX8 and PAXS5, confirming the the-
FLL (=20) 063 <0.0001 <0.0001 ory of PAXS positivity due to cross reactivity. These studies
FL2 (n=13) 1.0 0.0002 0.0002 . . e
reporting PAX8 immunoreactivity in B cell neoplasms have
FDILSB (gL:(LOi " (1):(5) ig:gggi 2‘(2?;:)0] all used polyclonal PAX8 THC stains.
Morgan et al [7] demonstrated that polyclonal PAX8 was
SLL (n=23) 0.29 <0.0001 <0.0001 e . . . .
MZL (2=8) 05 001 001 posmve in a variety of lymphoid n.eoplasms and .tha.t the stain-
ing paralleled that of PAXS. Their study also indicated that
MCL (n=9) 1.0 0.004 0.004 .. .
CHL (1= 15) 095 00001 0.0001 monoclonal PAX8 was.negatlve in the same neqplasms. The'lr
Plasmacytoma (1~ 14) 10 0.5 0.25 monoclonal PAXS8 antibody wgs the same antibody used in
ALCL (1=8) 0 0 0 our study for PA?(SC. O}lr findings conﬁrme@ that the mogo-
PTCL (n=4) 10 10 10 clonal PAX8 antibody directed at the C-terminus are negative
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Fig. 3 Example of PAX staining
in SLL. a PAXS. b PAX8N.

¢ PAX8C (original magnification
%100 [a—c¢])

To the best of our knowledge, there have been no published
reports on the cross reactivity of monoclonal PAXS8 antibodies
that are directed at the N-terminus. In this study, we compared
two monoclonal PAXS8 antibodies, one directed at the
N-terminus and one directed at the C-terminus, in a variety
of lymphoid neoplasms known to be either PAXS positive
(FL1-3, DLBCL, SLL, MZL, MCL, cHL) or PAXS negative
(plasmacytomas, ALCL, and PTCL).

We found that PAX8N is immunoreactive in FL1-3,
DLBCL, SLL, MZL, and MCL, and its immunoreactivity
paralleled that of PAXS; both exhibited diffuse and strong
nuclear staining (Fig. 3). Both were also positive in cHL,
albeit weaker than the other B cell neoplasms. PAX8C, how-
ever, was not immunoreactive in any of the aforementioned
neoplasms. PAXS, PAX8N, and PAX8C IHC stains were
nearly or entirely negative in plasmacytomas, ALCL, and
PTCL. This is not unexpected given that these entities do
not typically express PAXS. There have been some reports
of PAXS positivity in some ALK-negative ALCL, but we
did not see any PAXS staining at all [12, 13].

These findings support previous studies that suggest PAXS
immunoreactivity in B cell neoplasms is due to cross reactiv-
ity with the N-terminus of PAXS5 [6-8]. These studies have all
demonstrated positive staining with polyclonal PAXS anti-
bodies; ours is the first to demonstrate positive staining with
a monoclonal PAX8 antibody. Of note, subsequent staining in
our index case of renal DLBCL resulted in negative staining
for PAX8C (Fig. 2).

We noted a variable degree of PAX2 expression in FL2,
FL3, DLBCL, and MCL, in no distinct pattern and generally
weak or moderate in intensity. While this spurious staining
may be due to cross reactivity, the observed staining pattern
is not as uniformly predictable as that of PAX8N. The vari-
ability seen with PAX2 may be due to the use of a polyclonal
antibody. The significance or utility of PAX2 in lymphoid
malignancies remains unknown, but it is unlikely to play a
key role in diagnosis.

This study illustrates the importance of knowing the target
of THC stains when evaluating expression in order to avoid
confusion and misdiagnosis. While PAX8C may have a role in
discriminating between lymphoid and epithelial malignancies,
neither PAX8N nor polyclonal PAX8 is discriminating. A
small follow-up validation study at our institution (not report-
ed) showed PAXS8C to be less sensitive than PAX8N in de-
tecting renal and Miillerian malignancies. Therefore, we rec-
ommend continuing to use PAX8N in clinical practice with
knowledge that B lymphocytes, both benign and neoplastic,
will be immunoreactive. With this knowledge, lymphoid
tissue in tissue sections can be used as an internal control.
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