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PAX 8 is a transcription factor that is essential for embryonic development of the kidney, Miillerian organs, and
thyroid. It may also have a role in tumor development in these organs. The diagnostic utility of PAX 8 has not
been comprehensively studied. Formalin-fixed, paraffin-embedded tissue samples for non-neoplastic tissues
(n=1601), primary neoplasms (n=933), and metastatic neoplasms (n=496) were subjected to PAX 8
immunostain. In non-neoplastic tissues, PAX 8 was consistently noted in glomerular parietal epithelial cells,
renal collecting ductal cells, atrophic renal tubular epithelial cells regardless of nephronic segments, and
epithelial cells of the endocervix, endometrium, fallopian tube, seminal vesicle, epidydimis, thyroid, pancreatic
islet cells, and lymphoid cells. PAX 8 was not seen in the rest of the tissue samples. In primary neoplasms, PAX
8 was expressed by 194 of 240 (89%) renal cell neoplasms, by 238 of 267 (89%) Miillerian-type neoplasms, by 65
of 65 (100%) thyroid follicular cell neoplasms, by 8 of 8 (100%) nephrogenic adenomas, and by 17 of 17 (100%)
lymphomas. Weak focal staining was noted in 5 of 12 (42%) cases of parathyroid hyperplasia/adenoma and in 6
of 17 (35%) well-differentiated neuroendocrine tumors of the pancreas. PAX 8 was not seen in other neoplasms.
In metastatic neoplasms, PAX 8 was expressed by 90 of 102 (88%) metastatic renal cell carcinomas, by 57 of 63
metastatic Miillerian tumors (90%), and by 6 of 6 metastatic papillary thyroid carcinomas (100%). There was also
weak focal staining for 1 of 15 metastatic small cell carcinomas and for 1 of 9 metastatic well-differentiated
neuroendocrine carcinomas. PAX 8 was not seen in other metastatic neoplasms. It can be successfully
identified in routinely processed tissue samples, and its expression is mostly nuclear. PAX 8 expression in non-
neoplastic mature tissues is limited to the organs, the embryonic development of which depends on this
transcription factor. This tissue/cell-specific expression is maintained during both neoplastic transformation
and metastasis. PAX 8 is a sensitive and specific marker for tumors of renal, Millerian, or thyroid origin in both

primary and metastatic sites.
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Transcription factors are proteins that are localized
to the cell nuclei and help control the transcription
of specific genes."* PAX 8 belongs to the paired box
gene family consisting of nine members, ie, PAX1
through PAX9, each of which encodes a transcrip-
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tion factor. These transcription factors are expressed
in an orderly manner during fetal development.'?
They have a critical role in the formation of tissues
and organs during embryonic development and are
also crucial for maintaining the normal function of
certain cells after birth."* As a transcription factor,
PAX 8 is known to control the development of the
central nervous system, eye, kidney, thyroid gland,
organs deriving from the mesonephric (wolffian)
duct, and those related to the Miillerian duct.*™°
Transcription factors are identified in the nuclei of
cell types that are under their developmental control
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during organogenesis, but they often disappear in
mature tissues.”” However, these transcription fac-
tors may re-express in an organ-specific manner
during neoplastic transformation.'® For example,
PAX 8 is abundantly expressed by renal blastema
cells during nephrogenesis, and then is noted in
only a few renal parenchymal cells in the
mature kidney, but is identified again in renal cell
carcinoma."**™"" Therefore, the tissue expression of
transcription factor has been used as a specific
marker for tumor diagnosis.

A few limited studies have identified PAX 8 in
neoplasms of the organs the embryogenesis of which
is under control of this transcription factor, includ-
ing thyroid follicular neoplasm,’®™* renal cell
carcinoma,""*® nephrogenic adenoma,'” and ovarian
carcinoma. ®*° Confirmation of PAX 8 as a sensitive
marker for these tumor types is required. Further-
more, the utilization of PAX 8 as a diagnostic tumor
marker is predicated on several considerations
including the knowledge on the expression of
PAX 8 in normal/reactive tissues, primary neo-
plasms, and their metastatic congeners across the
spectrum of tissue types. These considerations
underlie the focus of this study.

Materials and methods

This retrospective study included 1601 samples of
normal or reactive tissue types (Table 1), 933
primary neoplasms including 240 from the kidney,
247 from the female genital tract, 73 from the
thyroid, and 17 well-differentiated neuroendocrine
tumors of the pancreas (Table 2), as well as 496
metastatic neoplasms, including 102 of the renal
primary, 63 of the female genital tract primary, 6
from the thyroid, and the rest from various tissue/
organ origins (Table 3). Although preference was
given to tumor types with expected PAX 8 expres-
sion, ie, thyroid, renal, and Miillerian origins, many
other tumor types were also adequately represented
for a meaningful observation. Except for 2 tissue
arrays consisting of 45 endometrial tumors and 36
ovarian tumors, respectively, whole-tissue sections
from 1 tissue blocks from other tissues or tumors
were used for immunostain.

Tissue sections were subjected to deparaffiniza-
tion, hydration, and endogenous peroxidase block-
ing. Antigen retrieval was achieved by Dako Target
Retrieval Solution, pH 6 (Dako, Carpinteria, CA) in a
pressure cooker set at 95 C for 22 min, followed by
gradual cooling for 20 min. The tissue sections were
incubated for 30min at room temperature with
an anti-PAX 8 polyclonal antibody (ProteinTech
Group, Chicago, IL; dilution 1:50). Detection of the
staining reaction was achieved by an enzyme-
conjugated polymer complex adapted for automatic
stainers from Ventana (Ventana Medical Systems,
Tucson, AZ).

Positive controls included renal carcinoma tissues
and lymphoid tissues, which often also served as
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Table 1 PAX 8 expression in normal or non-neoplastic tissues

Renal tubular cells 189/189 (100%)

Glomeruli 0/189 (0%)?
Ovarian surface epithelial cells 5/8 (62%

Ovarian epithelial inclusion cyst 45/45 (100%)
Fallopian tubal epithelial cells 14/14 (100%)
Endocervical epithelial cells 20/20 (100%)

35/35 (100%)
8/8 (100%)
22/22 (100%)
0/52 (0%)
0/20 (0%)
0/35 (0%)
0/20 (0%)
17/17 (100%)
27/27 (100%)
0/18 (0%)
0/18 (0%)
0/13 (0%)
0/54 (0%)
4/35 (11%)
0/84 (0%)
0/39 (0%)
5/14 (35%)
80/80 (100%)
1/23 (4%)°
1/27 (6%)
65/65 (100%)
0/57 (0%)
0/ 69 (0%)
0/24 (0%)
0/10 (0%)
0/56 (0%)
0/33 (0%)
0/33 (0%)
19/27 (70%)

Endometrial epithelial cells
Adenomyosis/endometriosis
Endosalpingiosis

Ovarian stromal cells
Exocervical squamous cells
Endometrial stromal cells
Cervical stromal cells
Seminal vesicle epithelial cells
Epidydimal epithelial cells
Seminiferous tubule cells
Sertoli cells

Leydig cells

Prostatic epithelial cells
Regenerative bile duct cells
Hepatocytes

Native bile duct cells
Parathyroid epithelial cells
Thyroid epithelial cells
Brain cells

Urothelial cells

Lymphoid cells

Breast epithelial cells
Pulmonary epithelial cells
Adrenal cortical cells
Adrenal medullary cells
Gastrointestinal epithelial cells
Pancreatic acinar cells
Pancreatic ductal cells
Pancreatic islet cells

Salivary gland parenchymal cells 0/12 (0%)
Squamous epithelial cells 0/25 (0%)
Mesothelial cells 0/25 (0%)
Muscle cells (smooth, skeletal, and cardiac) 0/82 (0%)
Connective tissue cells (including fibroblasts)° 0%

Total 556/1601(35%)

#Focal segmental staining of parietal epithelial cell nuclei only.
bCerebellar cell nuclei.
“Connective tissue cell staining is evaluated in every tissue section.

built-in controls as lymphoid cells are often seen in
the evaluated tissue sections. Mesenchymal or
epithelial cells in the evaluated tissue sections
served as negative controls. For each case, the
nuclear staining pattern, staining intensity (0=no
stain, 1+ =unequivocal but weak, 2 + =moderate,
3+ =strong), and staining extent (estimated
percentage of stained cells) were recorded.

Results
General Features

PAX 8 was successfully detected in routinely
processed tissues with appropriate positive and
negative controls. The stain was almost exclusively
nuclear, with no or negligible cytoplasmic
expression.
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Table 2 PAX 8 expression in primary neoplasms

Organ

Diagnoses

Positive/total cases (%)

Kidney

Female genital tract”

Thyroid

Urinary bladder

Hematopoietic organs

RCC, clear cell

RCC, papillary*

RCC, chromophobe

RCC, collecting duct

RCC, sarcomatoid

RCC, rhabdoid

RCC, mucinous tubular

RCC, ACK-related

RCC, translocation

RCC, tubulocystic

Metanephric neoplasms

Mixed epithelial and stromal tumors
Cystic nephroma

Urothelial carcinoma

Oncocytoma

Angiomyolipoma

Total

Endometrioid carcinoma
Endometrial polyp

Serous carcinoma

Serous adenoma/borderline tumors
Mucinous carcinoma

Mucinous adenoma/borderline tumors
Clear cell carcinoma

Other types®

Cervical squamous cell carcinoma
Total

Follicular and papillary neoplasms
Medullary carcinoma

Total

Urothelial neoplasm/dysplasia
Nephrogenic adenoma

Lymphoma, all types

Parathyroid Parathyroid adenoma/hyperplasia
Liver Hepatocellular neoplasms
Bile duct neoplasms
Hepatoblastoma
Lung Squamous cell carcinoma
Adenocarcinoma
Small cell carcinoma
Breast Carcinoma, all types

Gastrointestinal tract

Fibroadenoma and phylloides tumor
Adenocarcinoma
Neuroendocrine carcinoma

Pancreas Adenocarcinoma
Islet cell tumor, well differentiated
Prostate Adenocarcinoma
Skin Melanoma
Squamous cell carcinoma
Larynx Squamous cell carcinoma
Thymus Carcinoma
Adrenal Adrenal cortical neoplasms
Pheochromocytoma

Salivary gland

Pleomorphic adenoma

Testis Germcell tumors
Mesenchyme Mesenchymal tumors
Pleura Mesothelioma

Total

90/95 (95%)
38/38 (100%)
22/25 (88%)
5/7 (71%)
4/9 (44%)
0/4 (0%)
6/6 (100%)
8/8 (100%)
1/2 (50%)
1/1 (100%)
3/3 (100%)
4/4 (100%)
4/4 (100%)
0/13 (0%)
8/13 (61%)
0/8 (0%)
194/240 (89%)
72/77 (93%)
8/8 (100%)
101/102 (99%)
22/23 (95%)
4/10 (40%)
3/13 (23%)
16/16 (100%)
12/18 (66%)
0/9 (0%)
238/267 (89%)
65/65 (100%)
0/8 (0%)
65/73 (89%)
0/20 (0%)
8/8 (100%)
17/17 (100%)
5/12 (42%)
0/24 (0%)
0/16 (0%)
0/2 (0%)
0/4 (0%)
0/7 (0%)
0/12 (0%)
0/73 (0%)
0/6 (0%)
0/25 (0%)
0/3 (0%)
0/14 (0%)
6/17 (35%)
0/40 (0%)
0/6 (0%)
0/4 (0%)
0/3 (0%)
0/3 (0%)
0/21 (0%)
0/3 (0%)
0/4 (0%)
0/12 (0%)
0/26 (0%)
0/2 (0%)
533/933 (57%)

%ncluding type 1, type 2, clear cell, and oncocytic variants.
PThese are from the uterus, ovary, omentum, and fallopian tube.
“Undifferentiated, squamous, urothelial, and Brenner tumors.

Normal/Reactive Tissues

A distinctive tissue-specific expression of PAX 8
was noted among the 1601 non-neoplastic tissue
samples (Table 1 and Figure 1). In the normal

kidney, focal segmental staining of glomerular
parietal epithelial cells and diffuse staining of
collecting duct epithelial cells were noted (Figure
la), but other cells were negative. In contrast,
atrophic renal tubules, regardless of nephronic
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segment derivation, including those often seen at
the periphery of most space-occupying renal le-
sions, showed strong PAX 8 expression (Figure 1b).
In the female genital tract, strong and diffuse nuclear
staining was noted in the epithelial cells of the
endocervix and the endometrium in all cases
(Figure 1c and d). Although the fallopian tube
epithelium shows constant staining, only basal and
secretory cells, but not ciliated cells, were stained
(Figure 1e). Five out of eight samples of ovarian
surface epithelial cells showed staining, and the
staining was focal. Endometriosis, endosalpingiosis,
paraovarian Miillerian embryonic rests, paratubal
cysts, and ovarian epithelial inclusions were uni-
formly positive. In the male genital tract, strong and
diffuse staining was noted in seminal vesicles and
epididymis (Figure 1f) in all specimens, but not in
germ cells, Leydig cells, or Sertoli cells (Figure 1g).
Lymphocytes in each of the 65 lymphoid tissue
samples were positive, in which positive cells
were noted mostly in lymphoid follicles with or

Table 3 PAX 8 expression in metastatic neoplasms

without germinal center and in much fewer
lymphocytes in other areas of the lymph nodes
(Figure 1h). Strong and diffuse staining of thyroid
follicular epithelial cells was noted in each of the 80
samples (Figure 1i). Although the native bile duct
epithelium was negative, unequivocal PAX 8 ex-
pression was noted in some regenerative ductules
in 4 of 35 (11%) liver samples. Focal or diffuse
staining was noted in islet cells in 19 of 27 (70%)
pancreatic tissue samples. Focal staining was seen
in 5 of 14 (35%) parathyroid tissue samples
(Figure 1j and k). PAX 8 was not seen in other tissue
types including stromal cells of the organs, the
epithelial components of which uniformly ex-
pressed PAX 8.

Primary Neoplasms

PAX 8 staining was noted in 533 of 933 (57%)
tumors in a manner that recapitulated its expression
in non-neoplastic tissues (Table 2, Figures 2 and 3).

Primary site

Positive/total
cases (%)

Metastatic sites

Renal cell carcinoma Kidney, all histological types

Clear cell
Papillary
Collecting duct
Chromophobe
Sarcomatoid
All Miillerian tumors
Endometrioid carcinoma Uterus
Undifferentiated carcinoma Ovary
Serous carcinoma Ovary
Clear cell carcinoma Ovary
Neuroendocrine carcinoma Pancreas, GI tract
Small cell carcinoma Lung
Thyroid papillary carcinoma Thyroid
Adenocarcinoma Stomach
Prostate
Colon
Appendix
Breast
Pancreas
Lung
Bile duct
Squamous cell carcinoma Lung
Urothelial carcinoma Bladder
Hepatocellular carcinoma Liver
Malignant melanoma Skin

Adrenal cortical carcinoma
Total

Adrenal cortex

Lung, node, liver, brain, pancreas, 90/102 (88%)
bone, pleura, skin, soft tissue, spleen
75/80 (93%)
10/10 (100%)
4/5 (80%)
1/1 (100%)
0/6 (0%)
57/63 (90%)

Node, omentum, liver 717 (100%)

Omentum 4/8 (50%)
Omentum, pleura, node, liver 44/46 (95%)
Lung 2/2 (100%)

Node, liver 1/9 (11%)?*
Node, bone, liver 1/15 (7%)?
Node 6/6 (100%)
Node, small bowel, omentum, liver 0/5 (0%)

Node, bone, testis, brain, seminal vesicle 0/44 (0%)
Node, liver, brain, lung, bladder, kidney 0/39 (0%)

Peritoneum 0/1 (0%)
Node 0/62 (0%)
Liver, kidney, omentum 0/8 (0%)
Bone, brain, kidney, liver 0/9 (0%)
Omentum, node 0/6 (0%)
Bowel, brain, node 0/6 (0%)
Liver, lung, node, bone 0/10 (0%)
Node 0/1 (0%)
Node, liver 0/6 (0%)
Liver 0/2 (0%)

245/496 (49%)

Node, lymph node.

3Less than 5% of cell nuclei were stained.

>

Figure 1 Normal/reactive tissues. (a) Normal kidney: PAX 8 expression limited to the nuclei of distal nephron tubular segments and
parietal epithelial cells. (b) Diffuse PAX 8 expression in all atrophic tubules throughout the nephron. (c) Secretory endometrium. (d) PAX
8 expression in endocervical columnar cells, but not in exocervical squamous epithelial cells (upper). (e) Fallopian tube: PAX 8
expression in secretory and basal cells, but not in ciliated cells. (f) Normal testis: PAX 8 expression in efferent ducts (left) and epididymis
(right). (g) Normal testis: PAX 8 expression in rete testis (upper right), but not in seminiferous tubules (lower left). (h) Lymph node: PAX 8
expression in lymphoid follicles and few cells of the interfollicular areas. (i) Diffuse staining of normal thyroid follicular cells. (j, k) The
regenerative bile duct (panel j) is focally stained for PAX 8 (panel k) ( x 400 for panel i; x 200 for all other panels).
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Among 194 renal neoplasms, PAX 8 was noted in collecting duct renal cell carcinomas (71-100%).
the vast majority of renal cell carcinomas regardless  Noticeably, 4 of 9 (44%) sarcomatoid renal cell
of histological subtypes (Figure 2a-1), including carcinomas were positive. PAX 8 was noted in the
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epithelial component of 4 of 4 (100%) mixed
epithelial and stromal tumors, 4 of 4 (100%) cystic
nephromas, and 8 of 13 (61%) oncocytomas. In
general, the staining intensity was stronger and the
extent was greater for clear cell and papillary renal
cell carcinomas than for other types of renal cell
carcinomas. The staining was more pronounced in
tumors with lower nuclear grades. The extent of
staining ranged from a few cells to virtually all
tumor cells, with staining of >50% of tumor cells in
most of the cases. PAX 8 was not expressed by any
of the four renal cell carcinomas with rhabdoid
features. It was not seen in any urothelial neoplasm
or angiomyolipoma.

Of 247 (93%) neoplasms of Miillerian origin,
including those from the ovary, uterus, peritoneum,
and fallopian tube, 238 showed PAX 8 staining. The
staining is nearly universal (95-100%) for serous,
endometrioid, and clear cell types (Figure 3e-g), but
was less frequent for mucinous tumors (40%) and
other types (urothelial, squamous, and undifferen-
tiated) (66%). In positive cases, staining was uniformly
strong and involved most cells in >75% of cases.

All 65 follicular and papillary thyroid neoplasms
demonstrated positive staining for PAX 8 in vir-
tually 100% of tumor cells (Figure 3i and j).

Other tumor types that expressed PAX 8 included
lymphomas of both small and large cell types (17/17
cases) and nephrogenic adenoma (8/8 cases) (Figure
3k). PAX 8 was noted in 10 of 16 (62%) parathyroid
hyperplasia/adenomas and in 6 of 17 (35%) well-
differentiated neuroendocrine tumors of the pan-
creas, but the stain was weaker and often focal
compared with other tumor types.

All other 400 benign and malignant neoplasms
were negative.

Metastatic Neoplasms

PAX 8 expression was noted in 245 of 496 (49%)
metastatic tumors, in patterns conforming to those
of their corresponding primary neoplasms (Table 3
and Figure 4a-1).

PAX 8 was noted in 93, 100, and 80% of
metastatic clear cell, papillary, and collecting duct
renal cell carcinomas, respectively, regardless of
the organ of involvement (Figure 4a-e). Although
primary renal cell carcinomas with rhabdoid
features were uniformly negative, two metastases
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with rhabdoid features were studied and both were
positive. Only one metastatic chromophobe renal
cell carcinoma was found (lung) and it was positive.
In contrast to primary renal sarcomatoid renal cell
carcinomas, PAX 8 was not seen in any of the six
metastatic sarcomatoid renal cell carcinomas. As in
primary renal cell carcinomas, the staining was
strong (3 +) and involved >50% of tumor cells in
more than half of the metastatic neoplasms.

Overall, 57 out of 63 (90%) metastatic tumors of
Miillerian origin were positive for PAX 8 (100, 100,
95, and 50% for endometrioid, clear cell, serous,
and undifferentiated tumors, respectively) (Figure 4i
and j). The staining was often diffuse with involve-
ment of most tumor cells. In addition, strong and
diffuse positive immunoreactivity for PAX 8 was
detected in all 13 cytology specimens of Miillerian
carcinoma, including specimens with scant cellu-
larity (Figure 4k and 1).

PAX 8 was expressed by virtually all tumor cells
in each of the six metastatic thyroid papillary
carcinomas, but was not seen in any metastatic
medullary carcinomas (Figure 3i and j).

In all, 1 out of 9 metastatic neuroendocrine tumors
(pancreas to lymph node), and 1 out of 15 metastatic
small cell carcinomas (lung to liver) were positive,
with weak staining of <5% tumor cells (Figure 3k
and 1).

PAX 8 was not expressed by the remaining 251
metastatic tumors (Figure 4g and h).

Discussion

This comprehensive study shows that PAX 8 is
constantly expressed in normal tissues from a limited
number of organs or tissues including renal tubules,
Miillerian and wolffian-related organs, thyroid folli-
cular cells, and a subset of lymphocytes. We have
also further confirmed that PAX 8 is also a sensitive
and specific marker for both primary and metastatic
tumors derived from these organs/tissues. These
findings are in keeping with the fact that PAX 8
controls the embryonic development of these organs.

PAX 8 in Embryogenesis

PAX 8 is a cell lineage-restricted transcription factor,
with expression limited to the primordial tissues of

<

Figure 2 Renal neoplasms. (a) Clear cell renal cell carcinoma characterized by solid aggregations of tumor cells with a clear cytoplasm.
There is diffuse PAX 8 nuclear expression. (b) Papillary renal cell carcinoma with diffuse PAX 8 expression in papillary structures. (c)
Mixed epithelial and stromal tumors characterized by tubular or papilary structures against abundant stroma. Diffuse PAX 8 expression
is limited to the epithelial component. (d) A chromophobe renal cell carcinoma characterized by reticulated, eosinophilic, and mixed
cells. (e) Diffuse nuclear PAX 8 expression in this chromophobe renal cell carcinoma. (f) Another case of chromophobe renal cell
carcinoma with focal nuclear staining. Strong PAX 8 expression in the adjacent atrophic renal tubules (lower left). (g) Collecting duct
renal cell carcinoma with solid or tubular structures set against an abundant desmoplastic stroma. (h) Diffuse PAX 8 expression in tumor
cells of the same case as in panel g. The tumor invade liver (L), which is negative for PAX 8. (i) Sarcomatoid renal cell carcinoma
chracterized by abundant atypical spindled cells. (j) Strong PAX 8 expression in the same tumor in the consecutive tissue section. (k)
Oncocytoma with focal nuclear staining and weak nonspecific cytoplasmic staining. Strong nuclear stain in the adjacent renal atrophic
tubules (upper left). (1) Metanephric adenoma characterized by aggregations of microtubules, with strong and diffuse PAX 8 expression

(x 400 for panels g and i; x 200 for all other panels).
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During nephrogenesis, PAX 8, together with PAX 2,
is expressed very early in the renal blastema and
later in collecting duct cells, and all progenitor
epithelial cells of the developing nephron. They
promote mesenchymal cell proliferation and apop-
tosis, and mesenchymal—epithelial transformation,
with formation of immature renal tubules and
glomeruli.?'~** Deletion of both PAX 8 and PAX 2
genes prevents generation of the mesonephric
(wolffian) duct and subsequent formation of all
three embryonic kidneys (pronephros, mesone-
phros, and metanephros).®® However, inactivation
of the PAX 8 gene alone does not result in any
kidney malformation.®*

PAX 8 is known to have a pivotal role in postnatal
development of the Miillerian duct into organs of
the female genital tract.>® Although PAX 8 expres-
sion is noted throughout the entire Miillerian duct,
deletion of the PAX 8 gene results in a lack of
endometrium, poor development of the myome-
trium, but normal formation of the fallopian tubes,
cervix, and vagina, suggesting a complementary or
compensatory role of other transcription factors,
including PAX 2, in Miillerian organogenesis.'®*®

PAX 8 is crucial for thyroid gland organogenesis
together with thyroid transcription factor-1 and -2. It
may also mediate neoplastic transformation as'®
PAX 8-PPARy rearrangement occurs in 20-30% of
follicular thyroid carcinomas."**°

PAX 8, together with PAX 2 and PAX 5, controls
lymphoid genesis, especially the maturation of B
cells.?®

PAX 8 in Normal/Reactive Tissues

Observations on PAX 8 expression in normal/
reactive tissues are limited. Tong et al'®"” and
Bowen et al*® in studies of a limited number of
cases showed PAX 8 expression in the nuclei of
thyroid follicular cells, renal tubular epithelial cells,
and epithelial cells of the fallopian tubes, endome-
trial glands, epididymis, vas deferens, and seminal
vesicles, but not in epithelial cells of the breast,
lung, esophagus, stomach, colon, pancreas, and
mesothelium. Our comprehensive study corrobo-
rates and expands these observations. We found that
PAX 8 expression is progressively attenuated along
with renal maturation and is seen only focally in
parietal epithelial cells and collecting ducts in the
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normal adult kidney. However, atrophic renal
tubules, regardless of etiology and nephronic seg-
ment of origin strongly express PAX 8 (Figure 1b).
These atrophic tubules, routinely seen at the
periphery of most space-occupying renal lesions
including renal cell carcinomas, should not be
confused with neoplastic cells, which often express
PAX 2 as well.?” The significance of this neo-
expression is not clear, but it may be related to a
known function of PAX 8 to promote the prolifera-
tion and repair of renal tubular cells. Although Tong
et al*®* described focal staining of renal pelvic
urothelial cells, we have not observed PAX 8
expression in 27 samples of the urothelium from
various locations.

Our study showed a constant, strong, and diffuse
PAX 8 expression in epithelial cells of the mature
endocervix and endometrium. Considering the gen-
eral principle that a transcription factor tends to be
strongly expressed during organogenesis and that
this expression becomes much attenuated along
with maturation, the observed PAX 8 expression in
the mature Miillerian organs is surprising. However,
these observations suggest that PAX 8 is pivotal not
only for embryogenesis but also for homeostasis of
the mature tissue. We have also noted that benign
lesions related to the Miillerian epithelium such as
the endometrial polyp, ovarian epithelial inclusion
cyst, and endometriosis, adenomyosis, endosalpin-
giosis, paraovarian Miillerian embryonic rests, and
paratubal epithelial cysts constantly express PAX 8,
whereas stromal cells of these organs are uniformly
negative. This discrepancy implicates an exquisite
epithelium-limited embryogenetic control mediated
by PAX 8. We also confirm the interesting observa-
tion originally made by Bowen et al'® that in the
tubal epithelium, basal and secretory cells are
positive but ciliated cells are uniformly negative
(Figure 1e). This discrepancy may be related to the
observation that ciliated cells are terminally differ-
entiated non-proliferating cells, which are derived
from proliferation and maturation of other tubal
epithelial cells, and PAX 8 expression may be
important in this process. The ovarian surface
epithelium was uniformly negative in the study by
Bowen et al, but positive in 62% of our cases. The
pelvic peritoneal surface cells including ovarian
surface cells may maintain a dynamic balance
between differentiation toward mesothelial cells,
which are uniformly negative for PAX 8, and

Figure 3 Other neoplasms. (a) Endometrioid carcinoma of the uterus characterized by densely packed glands, contrasting with the
adjacent endometrium. There is diffuse PAX 8 staining of both components. (b) Serous carcinoma of the ovary, characterized by
connecting strands or papillae of tumor cells. There is strong expression of PAX 8. (¢) Mucinous borderline tumor of the ovary with an
adjacent Brenner tumor component (upper left). (d) There is no staining for either component in the consecutive tissue section. (e) Clear
cell carcinoma of the ovary with tubular and solid components, both of which are populated by tumor cells with a clear cytoplasm and
atypical nuclei. (f) Diffuse PAX 8 staining in the consecutive tissue section. (g) Undifferentiated carcinoma of the omentum, with solid
aggregations of highly atypical cells. (h) Diffuse and strong staining in tumor cells in the consecutive tissue section. (i) Papillary thyroid
carcinoma with papillary fronds lined by tumor cells with nuclear clearing and grooves. (j) Diffuse and strong PAX 8 staining in the
consecutive tissue section. (k) Nephrogenic adenoma of the bladder, with a tubular structure lined by a single layer of cells with strong
PAX 8 nuclear staining. The overlying urothelium is negative ( x 200 for all panels).
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Miillerian  cells, which constantly express
PAX 8. This balance may explain the variable
patterns of PAX 8 expression in ovarian surface
epithelial cells.

Constant strong and diffuse PAX 8 staining was
also noted in the epithelium of seminal vesicles,
epididymis, testicular efferent ducts, but not in the
urothelium, germ cells, Leydig cells, Sertoli cells, or
the prostatic epithelium. These distinctive patterns
are probably related to the observation that the
mesonephric (wolffian) duct, partially under control
of PAX 8 together with PAX 2, gives rise to the male
genital outflow tract,>® whereas the renal pelvis,
ureter, testis, and prostate are of different embry-
ologic origin and are not developmentally related to
PAX 8 and PAX 2.%%*' These observations indicate a
possible utility of PAX 8 in differential diagnosis of
prostate cancer from seminal vesicle tissues, urothe-
lial carcinomas, or germ cell carcinomas.

A sub-population of lymphocytes in benign
lymphoid organs, probably B cells, constantly
expresses PAX 8. Such an expression was also
regularly noted in lymphoid cells associated with
tumors and often served as a built-in control for PAX
8 staining.

Although the normal bile duct epithelium was
uniformly negative, regenerative bile duct cells were
stained in 11% of 35 cases. This implies a role of
PAX 8 in bile duct regeneration. In this aspect, we
have noted that all 16 cases of bile duct neoplasms
were negative for PAX 8.

The current study shows PAX 8 expression in
parathyroid parenchymal cells and pancreatic islet
cells. Although the staining is focal and involves
only some of the tested tissue samples, our findings
do confirm the original observations by Tong et al'®
and Long et al*® respectively. This pattern of
expression is surprising as PAX 8 has not been
known to control the organogenesis of parathyroid
or pancreatic islets. However, it does have diagnos-
tic implications, as a subset of parathyroid or islet
cell neoplasms also express PAX 8 (see below).

PAX 8 in Primary Tumors

The rather limited cell/tissue-specific expression of
PAX 8 and the capacity to immunolocalize this
transcription factor in routinely processed tissues
have promoted the use of PAX 8 as a diagnostic
tumor marker. Previous studies have shown that
PAX 8 was noted in most renal cell carcinomas

PAX 8 tissue expression
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(89%),'® most ovarian carcinomas (64—100%),%-2°
and in all nephrogenic adenomas,’” but staining
features in relation to pattern, extent, histological
types, or differentiation levels were not detailed.

The current study showed that the majority (71—
100%) of renal neoplasms of renal tubular cell
origin, regardless of histological type and putative
nephronic segment of origin, express PAX 8, in
keeping with the observation that PAX 8 is limited
to the normal collecting duct, but is strongly
expressed throughout the atrophic nephronic seg-
ment. In fact, metanephric adenoma and Wilms’
tumor, which belong to the family of renal meta-
nephric neoplasms characterized by an ‘embryonic’
phenotype, display a level of PAX 8 expression
significantly beyond the already strong staining of
other renal cell carcinoma types such as clear cell or
papillary (Figure 21), reflecting the pronounced
PAX 8 expression during renal embryogenesis. Even
sarcomatoid renal cell carcinoma, which is almost
always negative for other traditional renal markers
such as the renal cell carcinoma marker, CD10, or
kidney-specific cadherin, was positive in 4 of 9
cases (44%) in our study, in concordance with a
rate of 71% as reported by Tong et al.’® The staining
and extent of staining tend to depend on tumor
types and differentiation level, thus accounting for
usually less expression in chromophobe renal cell
carcinoma and oncocytoma, less expression in
less-differentiated areas of tumor of any histological
type, and absence of staining in all tumors
with rhabdoid features. Renal tumor tissues of
mesenchymal origin including angiomyolipoma,
renal medullary fibroma, or spindle cells of mixed
epithelial and stromal tumors were uniformly
negative.

In all, 33 urothelial neoplasms (13 from the renal
pelvis and 20 from the urinary bladder) and the
adjacent urothelium in our study were uniformly
negative for PAX 8. In contrast, Pellizzari et al*®
reported positive PAX 8 staining in 13 of 13 cases
of urinary bladder urothelial carcinomas, but not in
the normal urothelium. Tong et al noted positive
staining in 4 of 17 (23%) renal pelvic urothelial
neoplasms and focal staining of the renal pelvic
urothelium, but not in the bladder urothelium or 43
bladder urothelial neoplasms.?* The explanation
for this discrepancy is not obvious, but may be
of technical nature including the different types of
antibodies used, which are all polyclonal and of
different sources. In this aspect, it is noted that the

Figure 4 Metastatic tumors. (a) Clear cell renal cell carcinoma metastatic to the adrenal gland (lower left). (b) Diffuse PAX 8 staining of
tumor cells, but adrenal cortical cells (lower left) are negative. (c) Papillary renal cell carcinoma metastatic to a lymph node. (d) Tumor
cells are strongly positive for PAX 8 in a consecutive tissue section. There is also focal staining of lymphoid cells. (e) Sarcomatoid renal
cell carcinoma metastatic to the bone. (f) The tumor cells are negative for PAX 8. (g) Colonic adenocarcinoma metastatic to the kidney. An
atrophic renal tubular profile is noted (arrows). (h) The carcinoma cells are negative, contrasting with strong staining for the renal tubular
cells (left). (i) Serous carcinoma metastatic to a lymph node. (j) The tumor cells are strongly positive in the consecutive tissue section.
There is also staining of the lymphoid cells (left). (k) Serous carcinoma in the cell-block section of ascitic fluid. There are non-neoplastic
cells, probably mesothelial cells, in the background. (1) The tumor cells are strongly positive for PAX 8, but other cells in the background

are negative. ( x 400 for panels g, h, and i; x 200 for other panels).
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renal pelvis and the lower urinary tract are embry-
ologically derived from the urogenital sinus, in
contrast to the wolffian origin of the kidney.
Furthermore, the PAX family of transcription factor
is not known to express in the urogenital sinus or
control its embryonic development.

Nonaka et al in a tissue microarray noted PAX 8
staining in 96, 90, and 100% of 81 serous, 18
endometriod, and 10 clear cell carcinomas, respec-
tively, of the ovary.’ Laury et al’® noted PAX 8
expression in virtually every case of serous ovarian
neoplasms, regardless of grade. Our study that
mostly used whole-tissue sections from a large
number of cases spanning the whole histological
spectrum of Miillerian tumors supports these ob-
servations. It further indicates that the organ of
origin, ie, the ovary, uterus, and omentum, does not
impact staining, but mucinous, squamous, undiffer-
entiated, or Brenner-type tumors are associated with
a marked attenuation of PAX 8 expression.

PAX 8 is crucial for thyroid development. Fusion
of the PAX 8 gene and the PPARy gene has a role in
the development of follicular neoplasms, leading to
several studies to immunolocalize the PPARy
protein alone or the PAX 8-PPARy fusion protein
as a marker for follicular neoplasms.>*">'* Yet,
a systematic study of the PAX 8 protein alone
in thyroid neoplasm is not available. Our study
shows a diffuse PAX 8 staining of each of the 65
follicular or papillary neoplasms, as was the
adjacent benign follicular cells, but always negative
in medullary carcinoma. These observations clearly
indicate PAX 8 as a sensitive marker for thyroid
differentiation.

All 17 lymphomas in our study, regardless
of histological types, were diffusely positive for
PAX 8.

Aside from the frequent PAX 8 expression in
neoplasms from organs, the embryonic development
of which depends at least partly on PAX 8, this
molecule is expressed in all nephrogenic adenomas,
as shown in the study by Tong et al and in the
current study, and by the seven cases of clear
cell carcinoma of the bladder as reported by
Tong et al.’” In this aspect, the constant PAX 8
expression in nephrogenic adenoma, a tumor of
uncertain histogenesis until recently, supports a
renal tubular cell-like differentiation, as further
supported by other genotypic and immunological
findings.

Although PAX 8 is well accepted as a sensitive
marker for tumors of renal, Miillerian, thyroid, or
lymphoid origin, whether it is also specific, ie,
whether other tumors also express PAX 8 is not well
established. Laury et al*® noted that PAX 8 is not
expressed in 24 pleural malignant mesotheliomas,
but focal weak staining was seen in 2 of 23
peritoneal malignant mesotheliomas, an additional
hint for possible dual mesothelial/Miillerian differ-
entiation peculiar for peritoneal surface cells. Our
comprehensive study shows weak focal staining in
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42% of parathyroid hyperplasia/adenomas. Weak
focal staining was also noted in 6 of 17 (35%) well-
differentiated pancreatic neuroendocrine tumors.
However, the frequency and the extent of staining
of this tumor type in our study is less than those
reported by Long et al,*® who described strong and
diffuse nuclear staining in 42 of 63 (66%) and in
21 of 93 (22%) well-differentiated neuroendocrine
tumors of the pancreas and of organs other than
the pancreas, respectively. The reason for this
discrepancy is not clear, but at least may be related
to the polyclonal nature of the antibodies, although
from the same commercial source, used in both
studies, and/or other technical considerations, in-
cluding methods of antigen retrieval. However, all
other 400 neoplasms from diverse organs were
negative.

The collective data indicate that PAX 8 is a very
sensitive and specific marker for tumor of renal,
Miillerian, and thyroid origins.

PAX 8 Expression in Metastatic Neoplasms

PAX 8 expression in the metastatic context has not
been systematically evaluated. Yet, this matter is
important for several reasons. Determination of
cellular lineage, an interesting but often diagnosti-
cally irrelevant task in the study of primary
neoplasms, becomes critical for metastatic tumors,
especially for those of unknown primary tumors or
for those identified against the background of
multiple primary tumors. Furthermore, the anti-
genic profiles of metastases may be different from
those of their corresponding primary tumors. For
example, the renal cell carcinoma marker, a sensi-
tive marker for renal cell carcinoma, was noted in
80% of primary renal cell carcinomas but was
expressed only in less than half of metastatic renal
cell carcinomas with a marked decrease in the
percentage of positive cells.®*® The current study
showed that the sensitivity of PAX 8 as a tumor
marker is comparable for metastatic and primary
tumors. The overall PAX 8 expression for metastatic
renal cell carcinomas compared with that of their
primary tumors was 88 vs 89%, with a similar
staining extent (>50% of tumor cells in >50% of
cases). For collecting duct renal cell carcinoma, a
type of renal cell carcinoma well known for a lack of
expression for many other ‘renal-specific’ markers,
the rates of PAX 8 expression in primary and
metastatic tumor were 71 and 80%, respectively.
These findings further indicate a primary-metastatic
concordance for PAX 8 expression. On the other
hand, PAX 8 was not seen in any metastatic
sarcomatoid renal cell carcinoma in our study,
further confirming that a specific marker for this
aggressive variant of renal cell carcinoma remains
elusive. PAX 8 is equally sensitive for metastatic
(90%) and primary tumors (96%) of Miillerian
origin. This study also demonstrates that PAX 8



maintains its diagnostic specificity in the metastatic
context. Thus, out of 251 metastatic tumors other
than those of renal, Miillerian, or thyroid origin,
only 1 lung small cell carcinoma and 1 pancreatic
well-differentiated neuroendocrine, both metastatic
to lymph nodes, were focally and weakly positive
for PAX 8, in spite of a negative staining for
their primary tumors. In this aspect, Long et al*®
described PAX 8 expression in 9 of 18 (50%) and
in 0 of 16 (0%) liver metastases of pancreatic and
ileal well-differentiated neuroendocrine tumors,
respectively.

In summary, this comprehensive study indicates
that PAX 8 can be successfully identified in
routinely processed tissue samples, in spite of the
variable antigenic preservation in these samples.
PAX 8 expression in non-neoplastic mature tissues
is limited mostly to organs the embryonic develop-
ment of which depends on this transcription factor,
including the kidney, Miillerian organs, and thyroid;
sporadic ‘aberrant’ expression may be observed in
parathyroid and pancreatic islets. This tissue/cell-
specific expression is maintained during both
neoplastic transformation and metastasis. PAX 8 is
a sensitive and specific marker for tumors of the
thyroid, renal, and Miillerian organs in their
primary and metastatic sites.
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