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Kidney in VHL disease: Early clear cell proliferation
occurs in the distal tubular system
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Abstract. Renal clear cell carcinoma commonly occurs in
patients with von Hippel-Lindau disease (VHL). Kidneys of
VHL disease patients (VHL kidneys) contain an abundance
of independent clear cell proliferation events that have been
hypothesized to represent precursor structures of clear cell
carcinoma. In the present study, it was tried to identify the site
of origin of clear cell proliferation, and the immunophenotype
of clear cells. Using 3D histological tracking, the topographic
origin of microscopic clear cell proliferation was investigated
by identification of informative structures of interest and
immunohistochemical staining for cluster of differentiation 10
(CD10) and cytokeratin 7 (CK7) in consecutive serial
sections. In addition, the CD10/CK7 immunophenotype of
proliferating clear cells was evaluated. Clear cell proliferation
uniformly occurred in the distal tubular system. Some
clear cell proliferation, however, revealed proximal tubule
immunophenotype. It was concluded that early proliferation of
VHL-deficient clear cells occurs in the distal tubular system.
Despite the association with the distal tubular system, the
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immunohistochemical profile of early clear cell proliferation
may be inconsistent with its distal tubular origin.

Introduction

Renal clear cell carcinoma (RCCC) commonly occurs
in patients with VHL disease (1). Tumorigenesis occurs
secondary to germline VHL gene mutation and inactivation
of the VHL wild-type allele in the cancer cell of origin.
Biology and topography of the cell of origin have remained
controversial (2). Following original histochemical (3),
and immunofluorescent (4,5) studies, the main approach
for determination of the RCCC cell of origin has been the
immunohistochemical characterization of the neoplastic
clear cells with a series of markers specific for proximal
or distal tubules, or collecting ducts. Several such studies
were conducted with remarkably different results. Certain
studies firmly concluded the clear cancer cells to be derived
from proximal tubules (3-8), while other studies identified
the origin of neoplastic clear cells in the distal tubular
system (9-11). Others found evidence for both proximal
and distal tubular differentiation and hypothesized that
the RCCC cell of origin may exhibit different degrees of
differentiation (12-14); this hypothesis implied that immu-
nohistochemical study may be more appropriate for study of
cancer cell differentiation potential rather than for study of
cancer cell origin.

A new approach was applied by Mandriota et al (15)
who studied microscopic nests of clear cell accumulations
in kidney tissue of VHL patients. By immunohistochemical
analysis for carbonic anhydrase IX (CAIX), the authors were
able to verify VHL inactivation in the clear cells, while immu-
nohistochemistry for Tamm-Horsfall distal tubule protein
(THP) identified associated distal tubular cells. Importantly,
the authors concluded that groups of clear cells were exclu-
sively observed in the distal tubular system, and not present in
the proximal tubular system suggesting proliferative activity
to be confined to the distal tubular system. Although these
seminal findings were published in 2002, authoritative litera-
ture has been holding on to the concept of proximal tubular
origin (16-20). Main arguments for proximal tubular origin
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continue to be shared positive immunoreactivity of cancer
cells with markers for proximal tubules (17,20), or shared gene
expression of cancer cells with proximal tubules (19). Certain
degree of confusion has, however, been appreciated (17),
as RCCCs may express or co-express a variety of markers
of different tubular segments including the distal tubular
system (17).

Histologic features were recently captured in entire tissue
blocks of normal kidney tissue of VHL patients; quantitative
numerical analysis of independent events of VHL-inactivation
provided strong evidence that groups of VHL-inactivated
cells in the human nephron are the result of cellular ampli-
fication (21). Our collection of H&E-stained sections at
50 um intervals has allowed us to re-examine the question
of origin of clear cell proliferation by a different and inde-
pendent approach. First, authors are fully informed about the
three-dimensional extension of every single histopathologic
structure under study, and it could be claimed with absolute
certainty that clear cell proliferations do not represent exten-
sions of larger pathologic processes invisible on the original
section. Secondly, H&E-stained sections for structures of
interest were primarily analyzed, followed by investigation of
CAIX+ structures. Thirdly, immunohistochemistry for cluster
of differentiation 10 (CD10) and cytokeratin 7 (CK7) was
performed to identify the tubular cells associated with clear
cells proliferation.

An algorithm is a finite sequence of instructions to solve
a problem (21), describes a series of rigorous steps that were
taken to obtain suitable tissue blocks for analysis from VHL
kidneys. For each case, the same protocol was applied:
Transforming the kidney into cuboids, cuboid selection,
creation of blocks, block selection, block of interest selection,
serial sectioning, followed by additional steps to allow for
3d assessment.

Beyond analysis of pre-existent tubular cells, clear cell
proliferation events for CD10 and CK7 were also investigated
to study the faithfulness with which the clear cell immuno-
phenotype is reflective of its tubular origin. In addition, results
were associated with a recent study that identified distinct
expression patterns of HIF-1 alpha and HIF-2 alpha in human
kidneys (22).

Materials and methods

Patients. The present study was reviewed and approved
(approval no. 609/2019) by the ethical committee of the
Deanship of Research at Jordan University of Science and
Technology. The VHL patients had died between the ages of
50 and 65 years (average 58.5 year). Tissues were collected
during autopsy of four patients with confirmed germline
mutations of the VHL gene and established clinical diagnosis
of VHL disease at the National Institutes of Health between
January 2000 and December 2006 (designated as ‘“VHL
kidneys’). Three patients were male and one female. Causes
of death were pneumonia in two cases, metastatic renal cell
carcinoma, and intracerebral hemorrhage. All patients had
other VHL disease-associated tumors including hemangio-
blastomas, epididymal cystadenomas, endolymphatic sac
tumors and microcystic adenomas of the pancreas. Clinical
data of patients are presented in Table 1.

All patients had provided informed consent to be treated for
VHL disease at NIH. This informed consent included autopsy
to be performed. Certain of the patients demanded autopsy
investigation for the purpose of improved understanding of
this disease. Dissection was performed under IRB 03N-0164.

Preliminary studies. Preliminary studies were performed to
identify reliable markers for the proximal and distal tubular
systems on unstained sections that were cut previously for
3D reconstruction of paraffin blocks (21). Random kidney
sections were immunostained for CD138, CDI10, epithelial
membrane antigen (EMA), E-cadherin (cat. no. GAOS59;
Dako; Agilent Technologies, Inc.), CK AE1/AE3 and CK7. All
antibodies were in a ‘ready to use’ formal. For CK AEI/AE3
and CK7, no secondary antibody was used. For CD10 and
CD138, EnVision-flex+ mouse link was used (ready to use; cat.
no. K800221-2; Agilent Technologies, Inc.; 20 min incuba-
tion at room temperature). After de-paraffinizing slides with
5-um sections in xylene, for those antibodies AE1/AE3 (cat.
no. IR053), CD10 (cat. no. IR648), CD138 (cat. no. IR642),
EMA (cat. no. IR629; all from Dako; Agilent Technologies,
Inc.) and CAIX (cat. no. 379R-18; Cell Marque) all underwent
antigen retrieval in a high pH buffer in the Dako PT module
(for 20 min at 99-degree Fahrenheit) followed by 20 min
incubation with the primary antibody at room temperature.
Those for CK7 (cat. no. IR619; Dako; Agilent Technologies,
Inc.) and E-cadherin were retrieved in low pH buffer in the PT
module with 10 min primary antibody incubations. They were
all visualized using the Dako Flex-hrp system and developed
with DAB. Staining results were evaluated and best quality of
staining was found for CD10 and CK?7. Both antibodies reli-
ably and specifically identified the proximal tubular system
(CD10) and the distal tubular system (CK7) (23-25). Selected
sections were also immunostained for Glutl and vimentin.
Tissue sections were first treated with hydrogen peroxide
blocking agent, followed by antigen retrieval; low pH was
applied for Glutl, Lab Vision RB-9052; high pH was used for
vimentin, DAKo/Agilent IR630. They were then incubated
with the primary antibody for 10 min at room temperature.
For Glutl there was an incubation with a linker Flex+R, then
both were subjected to the detecting agent Flex-hrp (Agilent
Flex kit) for 10 min followed by the color development using
DAB for 10 min.

All immunohistochemical studies were performed with
proper external controls additionally, internal controls stained
through the sections. All of controls were human samples of
patient cases.

Topographic origin of clear cell proliferation. An algorithm
for tissue procurement, processing and 3d analysis of tissue
blocks of interest was recently described (21). Having applied
that approach, access was gained to seven serially sectioned
VHL kidney blocks from 4 different patients as well as 3 seri-
ally sectioned control blocks (kidneys of patients with sporadic
RCCC). As previously described, H&E-stained sections have
been digitized at 50 p intervals (21).

For the present study, histologic review of H&E-stained
slides from 7 VHL kidney blocks (total of 140 slides) was
performed, interrogating for structures of interest. All
H&E-stained slides were scanned (20-30 per case, taken at
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Table I. Clinical data of patients.

Age,
years/sex VHL-related pathology Surgeries Cause of death
Case 1 60/male HBs cerebellum and spinal cord HB resection cerebellum Intracerebral hemorrhage
Case 2 65/male 3 cerebellar HBs, renal cysts and 1992 resection cerebellar Hemorrhagic pneumonia
RCCC, ECA HB, Radiotherapy for
brainstem HB
Case 3 59/female HBs cerebellum and spinal cord, 1990 spinal cord HB Cerebellar hemorrhage
RCCC and cysts 1990 partial nephrectomy
1990 cerebellar HB
1992 spinal HB resection
1998 right hip arthroplasty
Case 4 50/male 2 HBs cerebellum, multiple HBs Partial nephrectomy, HB Sepsis, wide-spread

spinal cord, RCC and cysts both
kidneys, MCA pancreas, ECA

metastatic renal
cell carcinoma

resection cerebellum

HB, hemangioblastoma; RCCC, renal clear cell carcinoma; MCA, microcystic adenoma; ECA, epididymal cystadenoma.

depths of 50 ym) and 11 hybrid structures were identified. By
immunohistochemical analysis of consecutive sections, they
were all positive for CAIX. Structures of interest were defined
as clear cell proliferations that occurred in continuity with
normal tubular epithelium. ‘Hybrid’ structures of interest were
defined as tubular structures that contained multiple renal
tubular cells as well as a chain of multiple clear cells (Fig. 1).
In those ‘hybrid’ structures of interest as defined above, it was
generally difficult to identify the tubular segment of origin
by histomorphology alone as there appeared to be distorting
effect on the tubular epithelium secondary to the clear cell
proliferation. In consecutive sections, immunohistochemistry
was performed for CK7 and CDI10 for definitive identification
of the tubular segment. In addition, immunohistochemistry
was performed for CAIX for confirmation of VHL deficiency
in the clear cell proliferation event.

After identification of the topographic origin of all
‘hybrid’ structures of interest discovered on H&E-stained
sections, all immunohistochemical preparations for CAIX
were re-examined, identifying 81 additional CAIX+ and three
CAIX-negative clear cell chains and clusters that were also
represented in consecutive sections, immunostained for CK7
and CDI10. The consecutive sections were analyzed for the
tubular cells associated with the CAIX+ clear cells.

Immunohistochemical characterization of clear cell prolif-
erations. Re-examination was performed of all 92 CAIX+ and
three CAIX-negative clear cell chains and clusters including
consecutive slides immunostained for CD10 and CK7. The
purpose of this analysis was to examine whether clear cells
would be immunoreactive for CD10 or CK7.

Results
Identification of topographic origin of clear cell proliferation.

A total of 11 ‘hybrid’ structures of interest (clear cell prolif-
eration adjacent to a tubular cell segment) were identified on

V386-25

Figure 1. ‘Hybrid’ structures of interest (H&E-stained sections). Both normal
tubular cells (arrows) and a clear cell chain were visible within the same
tubular structure; clear and tubular cell components were of sufficient size to
be represented in consecutive sections and to allow for immunohistochemical
characterization (magnification, x200).
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Table II. A total of 18 ‘hybrid’ structures of interest discovered on carbonic anhydrase IX+ -stained sections in two patients of
four different blocks on five different slides.

Patient 1 Patient 2
Block 12 Block 25 Block 26 Block 17 Block 17
Slide 150 Slide 29 Slide 26 Slide 62 Slide 205
2 5 2 7 2

Distal
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Figure 2. Clear cell proliferation occurs in distal tubules. Immunohistochemical analysis for CK7 identified distal tubular cells in two separate tubular profiles,
while clear cells were negative for CK7. Both tubular and clear cells were negative for CD10. The designation at the bottom of each picture identified the tissue
block and the number of the serial section. Upper panel, H&E (magnification x200); middle panel, immunohistochemical analysis for CK7 (magnification,
x200); bottom panel, immunohistochemical analysis for CD10 (magnification x200). CK7, cytokeratin 7; CD10, cluster of differentiation 10.

H&E-stained sections by light microscopy and characterized 4 different slides. The renal tubular cells that were continuous
by immunohistochemistry on consecutive sections (Fig. 1).  with the clear cell proliferation were consistently positive for
These ‘hybrid’ structures were identified in two out of three =~ CK7 and consistently negative for CD10 (Fig. 2). The clear
VHL kidneys. They were identified in three different blocks on  cells were consistently positive for CAIX.
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Table III. Total number of lesions were analyzed according to H&E and immunohistochemical staining.

Hybrid structure of

CAIX-stained lesions interest Clear cell immunophenotype
CAIX- CAIX- H&E- CAIX- CK7- CD10- Both CK7/ Both CK7/
positive negative stained stained positive positive CD10 negative CD10 positive
92 3 11 18 4 39 0
CAIX, carbonic anhydrase IX; CK7, cytokeratin 7; CD10, cluster of differentiation 10.
GLUT-1 E-cad
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Figure 3. CAIX-negative clear cell proliferations. Upper row demonstrated weak immunoreactivity with anti-Glutl (magnification, x200) and anti-vimentin
(magnification, x200) and negative reactivity with anti-E-cadherin (20X). Middle row demonstrated CAIX-negative clear cell cluster that has disappeared on
consecutive sections, and therefore cannot be further characterized (magnification, x200). Lower row shows clear cell cluster, negative for CAIX (magnifica-
tion, x200), Glutl (magnification, x200), vimentin (magnification, x200) and E-cadherin (magnification, x200). CAIX, carbonic anhydrase IX.

Additionally, identified in the CAIX-immunostained sections
were 81 CAIX+ clear cell chains or clusters. In total, 18 of these
clear cell proliferations were identified in two out of three VHL
kidneys. They were identified in four different blocks on 5
different slides (Table II). The renal tubular cells were consis-
tently positive for CK7 and consistently negative for CDIO0.

Additionally, identified in the CAIX-immunostained
sections were three CAIX-negative clear cell chains or clusters
(Fig. 3), as previously identified and associated with de-repres-
sion of HIF-2alpha (22). In contrast to those previously
described Schietke type II lesions, however, the CAIX-negative
clusters/chains in the present study showed only faint or no
immunoreactivity with anti-Glutl or anti-vimentin (Fig. 3).

Similar to Schietke type II lesions, they were immunonegative
for E-cadherin.

In total, 29 distal tubules containing clear cell proliferation
were therefore identified, all with CAIX+. A proximal tubule
containing clear cell proliferation was not detected, suggesting
that clear cell proliferation uniformly occurred in the distal
tubular system.

The ninety-five clear cell proliferation events stained
variably for either CD10 or CK7. A total of 39 events were
negative for both CK7 and CD10 (41.0%), 4 events were posi-
tive for CD10 (4.3%), and 52 events were positive for CK7
(54.7%) (Fig. 4). No event was positive for both CD10 and CK7
(Table III). Of the 3 CAIX-negative proliferation events, two
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Figure 4. Clear cell proliferation events are variably positive for CK7 and
CDI10. The designation at the bottom of each picture identifies the tissue block
and the number of the serial section. Upper panel, clear cell proliferation,
positive for CK7 (magnification, x200) and negative for CD10 (magnification,
x200) by immunohistochemistry (arrows). Middle panel, clear cell prolifera-
tion, negative for both CK7 (magnification, x200) and CD10 (magnification,
x200) (arrows). Bottom, clear cell proliferation, positive for CD10 (magni-
fication, x200) and negative for CK7 (magnification, x200) (arrows). CK7,
cytokeratin 7; CD10, cluster of differentiation 10.

were strongly positive for CK7, and one was weakly positive
for CK7; none was positive for CDI10.

Additionally, a single pathologic event in the VHL kidney
was identified on H&E-stained slide #111 (this lesion has
multiple adherent clear cells that replace about 80% of the
tubular circumference and 20% are normal tubular cells),
then three consecutive serial sections were used for immu-
nohistochemical studies (Fig. 5). Immunohistochemistry for
CK7 (slide #108) identified the normal tubular cells as distal
tubular cells. Immunohistochemical analysis for CAIX (slide
#107) confirmed VHL deficiency of the clear cell prolifera-
tion. Immunohistochemical analysis for CD10 (slide #109) was
positive in the clear cell proliferation, suggestive of proximal
tubular differentiation in VHL-deficient clear cells.

Discussion

It is challenging to histologically study minute cellular
proliferation with standard histologic techniques. An obvious
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Figure 5. Selected images of 3D reconstruction of a single pathologic event
in VHL kidney. The event was originally identified on H&E-stained slide 111
received from the paraffin block V385-25. From archived consecutive serial
sections, sections 107, 108 and 109 were used for immunohistochemical
studies. Immunohistochemistry for CK7 (magnification, x40) identified
normal tubular cells as distal tubular cells. Immunohistochemical analysis
for CAIX (magnification, x40) confirmed VHL deficiency of clear cell
proliferation. Immunohistochemical analysis for CD10 (magnification,
x40) is positive in the clear cell proliferation. VHL kidney, kidney of von
Hippel-Lindau disease patient; CAIX, carbonic anhydrase I1X; CK7, cyto-
keratin 7; CDI10, cluster of differentiation 10.

limitation of routine histology is that a section represents only
a very small amount of tissue, while most of that tissue remains
in the tissue block. Once a minute-sized cellular proliferation
event is identified in a tissue section, it cannot be further char-
acterized in consecutive sections as the structure of interest is
lost when additional sections are performed from that block.
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To allow for the creation of serial sections of minute
pathologic events, an algorithm was recently developed for
3-dimensional histologic analysis (21). This approach is
rewarding in tissues that contain a multiplicity of independent
pathologic events, as it has been shown in kidney tissue of
VHL kidney. Importantly, this approach not only allows for
more detailed characterization of small pathologic events, but
also for their quantification.

The limitations of the present study include the low number
of cases examined; however, VHL is a rare syndrome with a
reported incidence varying from 1/39,000 to 1/91,000 (26).
Our way around the low number of cases was to examine
as numerous sections as possible from the tissue blocks
obtained by performing multiple level sections, analyzing
them in consecutive order, tracking all clear cell changes,
and correlating the findings to immunohistochemical find-
ings. All immunohistochemical studies were performed with
proper external controls-additionally, internal controls stained
through the sections. Immunogenicity can be lost over time
(given that the tissue was collected years ago). This could be a
theoretical explanation for weak Glutl and vimentin staining
in our Schietke type II lesions; however, all our immunostained
sections displayed effective internal control. Therefore, there
may be more than just two types of early pathogenetic lesions
in the VHL kidney, and further investigation is warranted.

An additional limitation is the lack of statistical and
morphometric analysis to determine the size distribution of
lesions and their classification as arising from proximal or
distal tubes. Still, it is strongly considered that morphometric
analysis is extremely relevant for the study of the development
of clustering clear cells. In the present study, however, structures
composed of pre-existent tubular cells and a rim of proliferating
clear cells were analyzed. In our view, morphometric analysis
is only relevant at a later stage of clear cell proliferation. Our
current knowledge, however, is limited regarding the evidence
for differentiation into benign and malignant processes at far
earlier microscopic stages (15,22). More work on the earliest
proliferative changes in the VHL kidney is required.

VHL kidneys reveal an abundance of independent pathologic
events, predominantly characterized by intratubular prolifera-
tion of VHL-deficient clear cells (21). As there is evidence for
a protracted growth from single VHL-deficient clear cells to
larger clear cell clusters, it is reasonable to hypothesize that they
represent potential cancer precursor structures (21).

While single cell clear cell changes or ‘small chains’ were
virtually innumerable, there are exact counts of large chains
and cell clusters (21). To address our specific question of tubule
of origin, the pathologic event needed to fulfill additional
criteria. As immunohistochemistry was performed on serial
sections, the lesion needed to reveal multiple normal tubular
cells adherent to multiple clear cells.

Multicellular aggregations of VHL-inactivated clear
cells were previously identified in the distal tubular system
only (15). Using an independent approach, clear cell prolifera-
tion was also found to occur exclusively in the distal tubular
system. Beyond the previous study, all analyzed microscopic
structures were proven to be confined to the tubular system, as
their extensions were documented in three dimensions.

As transcription factor HIF if currently under evaluation as
a putative therapeutic target, differentiation between CAIX+

lesions (HIF1 alpha+; Schietke type I) and CAIX-negative
lesions (HIF2 alpha+; Schietke type II) is of additional
interest (22). In the present study, CAIX-immunostained slides
numerically revealed far more type I than type II lesions. Large
‘hybrid’ structures, originally identified in H&E-stained sections
consistently showed CAIX+ clear cell proliferations. Upon
examination of the entire slide, however, smaller CAIX-negative
clear cell proliferations were also detected. By immunohisto-
chemical analysis for CK7 and CDI10, the CAIX-negative and
CAIX+ clear cell proliferations were not distinct from each
other. The relatively low number of CAIX-negative proliferation
events compared with CAIX+ proliferation events in the present
study may be a random event, as the purpose of this study
was not quantitative differentiation between type I and type II
lesions. Intuitively, a predominance of type I lesions would
be consistent with benign cystic growth and only few type 11
lesions with more aggressive potential. Our current knowledge,
however, is extremely limited. While benign cystic growth may
transform into malignancy (27) in the VHL kidney, evidence for
differentiation into benign and malignant processes at far earlier
microscopic stages has been provided (15,22). Further research
on earliest proliferative changes in the VHL kidney is required.

Furthermore, first evidence was provided that immuno-
histochemical reactivity of early proliferating clear cells can
markedly differ from that of the tubule of origin, and therefore
may not allow to predict the origin of the clear cells. A total of
52/95 clear cell proliferations (54.7%) were positive for CK7, and
therefore congruent with their site of origin. By contrast, 39/95
clear cell proliferations (41.0%) were negative for both CK7 and
CD10. Most remarkably, however, 4/95 clear cell proliferations
(4.3%) were positive for proximal marker CD10, although the
clear cell proliferation occurred in the distal tubular system.
The results therefore demonstrated that the immunophenotype
of VHL-deficient clear cells in the kidney does not necessarily
reflect their site of origin. While more investigation is necessary,
this result is consistent with the clear cell to represent an intratu-
bular progenitor cell the immunophenotype of which may relate
to its state of differentiation. VHL deficiency of the clear cell
and upregulation of hypoxia-associated proteins may further
contribute to aberrant immunophenotype. Multiple immuno-
histochemical studies have produced highly variable results in
regard to shared immunoreactivity of RCCC clear cells with the
proximal and distal renal tubular system (17). The present study
demonstrated that variability of immunohistochemical reaction
is already evident in earliest stages of clear cell proliferation.

In summary, our results confirmed and expanded previous
findings that proliferation of VHL-inactivated clear cells is
confined to the distal renal tubules. Earliest clear cell prolif-
erations reveal a diverse immunophenotype, likely in analogy
to frank renal cancer.
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