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Molecular mechanism of formation and destruction of
a pseudo-capsule in clear cell renal cell carcinoma
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Abstract. The process and molecular mechanisms underlying
the formation and destruction of a pseudo-capsule (PC) in clear
cell renal cell carcinoma (ccRCC) are poorly understood. In
the present study, the PCs of surgical specimens from primary
tumors and metastatic lesions in 169 patients with ccRCC, and
carcinogen-induced ccRCC rat models were semi-quantified
using the invasion of PC (i-Cap) score system. This was based
on the relationship among the tumor, PC and adjacent normal
tissue (NT) as follows: i-Cap 0, tumor has no PC and does
not invade NT; i-Cap 1, tumor has a complete PC and does
not invade into the PC; i-Cap 2, tumor with focal absences
in the PC, which partially invades the PC but not completely
through the PC; i-Cap 3, tumor crosses the PC and invades the
NT; i-Cap 4, tumor directly invades the NT without a PC. The
study suggested that PC formation was not observed without
physical compression, and also revealed that tumor invasion
into the PC was a prognostic factor for postoperative onco-
logical outcomes. Higher i-Cap, Fuhrman grade and tumor
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size were independent poor prognostic factors for postopera-
tive disease-free survival. nRNA expression arrays generated
from carcinogen-induced ccRCC rat models were used to
explore genes potentially associated with the formation and
destruction of a PC. Subsequently, human ccRCC specimens
were validated for four genes identified via expression array;
the results revealed that collagen type 4A2, matrix metal-
loproteinase-7 and l-selectin were upregulated alongside the
progression of i-Cap score. Conversely, endoglin was down-
regulated. In conclusion, the present study provides insights
into the formation and destruction of a PC, and the results may
aid the treatment and management of patients with ccRCC.

Introduction

According to the World Health Organization, renal cell
carcinoma (RCC) is considered to be the 16th most
commonly diagnosed cancer in the world, with RCC-related
deaths surpassing 170,000 annually (1). The presence of a
pseudo-capsule (PC) in RCC is widely known, and radio-
graphically detectable PC is a distinctive feature in the
imaging diagnosis of RCC (2). A PC is located at the border
between cancer tissue and normal kidney tissue; therefore,
it can be a useful indicator during nephron-sparing surgery
(NSS) (3). However, little is currently known about the clinical
and biological role of PCs. Pickhardt e al (2) suggested that
the formation of a PC is derived from tumor growth in an
organ, which causes compression and necrosis of the adjacent
normal parenchyma resulting in the deposition of fibrous
tissue. Wang et al (4) reported that the constituent components
of a PC in clear cell RCC (ccRCC) include collagen fibers,
smooth muscle bundles and some fibroblasts.

PCs have been detected in >90% of RCC cases worldwide,
regardless of histopathological subtype, such as clear cell,
papillary or chromophobe RCC (5-7). Among these subtypes,
ccRCC is most likely to form a thick PC (6,8). By contrast,
benign renal neoplasms, such as papillary adenoma and onco-
cytoma, usually do not have a PC or, if one is present, it tends
to be thin (9,10). RCC has the potential of invasion to the PC
and, subsequently, to the normal tissues (N'Ts) beyond the PC.
Although RCC invasion to PCs is considered a poor prognostic
factor (11,12), a detailed molecular mechanism underlying the
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formation and destruction of PCs in RCC has not yet been
provided, to the best of our knowledge. The present study
investigated the potential mechanisms underlying the forma-
tion and destruction of a PC in localized ccRCC using clinical
human tissues and a rat model of carcinogenesis.

Patients and methods

Inclusion criteria, patient cohort and evaluation of PCs in
ccRCC. The present study was approved by the Institutional
Review Board of Nara Medical University (Kashihara,
Japan; approval no. NMU-1256) and complied with the
1964 Declaration of Helsinki and its later amendments. All
participants provided written informed consent for the present
study. Surgical specimens from 169 consecutive patients with
localized ccRCC who underwent radical nephrectomy (RN)
or NSS with an adequate (=5 mm) resection margin at the
Department of Urology, Nara Medical University Hospital
between January 2007 and December 2014 were included
in the analysis. The patients did not have any intraoperative
capsular damage and did not undergo enucleation. The clinico-
pathological and follow-up data of the patients were obtained
through a retrospective chart review. The extent of the
formation and destruction of the PC was evaluated based on
the invasion of PC (i-Cap) scoring system (three categories),
previously reported by Snarskis et al (12). In the present study,
a modified i-Cap scoring system was used as follows: i-Cap 0,
tumor has no PC and does not invade NT; i-Cap 1, tumor has a
complete PC and does not invade into the PC; i-Cap 2, tumor
with focal absences in the PC, which partially invades the PC
but not completely through the PC; i-Cap 3, tumor crosses
the PC and invades the NT; i-Cap 4, tumor directly invades
the NT without a PC (Fig. 1). A uropathologist with expertise
in RCC pathological diagnosis (FT), blinded to the clinical
outcome of the patients, reviewed each hematoxylin & eosin
(H&E)-stained specimen. For H&E staining, the specimens
were stained with 1.5 g/l hematoxylin for 10 min, washed and
then stained with eosin for 2 min at room temperature. Results
were observed using a light microscope. Tumors were staged
according to the pathological tumor-node-metastasis (TNM)
guidelines in the Union for International Cancer Control
Staging Manual, 8th edition (13), and were graded according
to the criteria set out by the Fuhrman grading system (14). All
of the tumors were scored by the i-Cap scoring system, ranging
from O to 4. The i-Cap classification was heterogeneous within
tumors, with the highest values assigned to areas in contact
with normal renal tissue (i.e. not areas of the fibrous septum
between tumor nodules). Regarding the thickness of the PC, it
was also measured at the region with the highest i-Cap score.
The thickness of the PC was measured and the mean of two
observer results was taken using scan images from a fluores-
cence microscope (EVOS FL Auto, AMAFD1000; Thermo
Fisher Scientific, Inc.) (Fig. 1).

Evaluation of PC formation of metastatic lesions. Out of the
169 patients, a total of 15 specimens of metastatic lesions from
14 patients who underwent metastasectomy for metastatic
ccRCC were evaluated for i-Cap and PC formation. Surgical
resection of metastases aimed to reduce the cancer burden,
control pain or prevent paralysis.

Identification of genes involved in PC destruction with ccRCC
rat models

N-diethylnitrosamine (DEN)-initiated and ferric nitrilotriac-
etate (FeNTA)-promoted rat models of ccRCC. An in vivo rat
carcinogenic model of ccRCC was created via intraperitoneal
administration of DEN and FeNTA (both Tokyo Chemical
Industry Co., Ltd.) according to reports by Toyokuni et al (15)
and Vargas et al (16). A total of 32 female Wistar rats (age,
2 weeks) were purchased from Oriental Bio Service Ltd. The
experiment started from 4 weeks after birth, and the mean
weight at the beginning of the experiment was 110 g (range,
98-130 g). All animal studies were approved by the institutional
animal care and use committee of Nara Medical University
and were conducted in accordance with local humane animal
care standards (approval no. 12211). This animal study was
conducted at Nara Medical University between February and
September 2019. Animal care was conducted in compliance
with the recommendations of The Guide for Care and Use of
Laboratory Animals (National Research Council) (17). All
rats were maintained under pathogen-free conditions, were
provided with free access to sterile food and water, and were
kept under controlled, stable ambient conditions (23+3°C; 12-h
light/dark cycle; 50+20% humidity). The dietary intake and
body weight of rats were monitored every week, and termi-
nation of the experiment was considered if the rats refused
food and significant weight loss was observed. Rats were also
visually inspected daily to check whether the tumor was large
enough to be visible on the body surface or whether the rats
were exhibiting significant ascites. If these conditions were
suspected, euthanasia was considered. During the experiment,
if the orthotopic tumor grew to a size where it could be seen
from the body surface, or weight loss of =20% occurred within
2 to 3 days or weight loss of =25% occurred within 7 days,
euthanasia was performed. The greatest weight loss observed
was 16 g (from 498 to 482 g) in 1 week.

The control group and ccRCC model group of 12 and
20 rats were prepared, respectively. In the ccRCC model
group, DEN was administered intraperitoneally at a dose of
200 mg/kg, followed by intraperitoneal administration of
FeNTA at a dose of 9 mg/kg twice a week for 12, 16, 20 and
24 weeks. All rats were euthanized by cervical dislocation
under anesthesia with isoflurane (induction 4%, maintenance
2-3%) 8 weeks after the complete administration of carcino-
gens. The control group also underwent euthanasia at the same
time and in the same manner as the test group. Subsequently,
the kidneys were removed, placed on filter paper and fixed in
10% neutral buffered formalin for 18 h at room temperature.
The paraffin-embedded tissues were cut into 5-um pieces and
subjected to H&E staining on glass slides. For H&E staining,
the specimens were stained with 1.5 g/l hematoxylin for
10 min, washed and then stained with eosin for 2 min at room
temperature. The results were then observed using a light
microscope. The step-sections of the kidneys were observed
under a light microscope, and the relationship between the
PC and the tumor was investigated. The kidneys were fixed in
formalin immediately after removal so that the gap between the
tumor and normal kidney tissue could be observed; therefore,
only the tumor was removed and the tumor size and weight
were not measured. Evaluation of i-Cap in rat models was
also performed by the same pathologist (FT) that evaluated
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i-Cap Repr(e: ;Et‘:(t;v:ol r)nage Description
Tumor has no PC and does not invade
i-Cap 0 into NT
. Tumor with complete PC and does not
i-Cap 1 invade into PC
Tumor with focal absences in PC that
i-Cap 2 invade partially into and yet not
completely through PC
i-Cap 3 Tumor crosses PC and invades NT
i-Cap 4 Tumor directly invades NT without PC

Figure 1. i-Cap scoring system. Representative images of i-Cap 0, 1, 2, 3 and 4 are shown (x100 magnification). Yellow arrows show PCs; black dotted lines

indicate PC thickness. Scale bar, 400 gm. RCC, renal cell carcinoma; H&E,

of PC.

the human specimens. The lungs and livers were also removed
and treated in the same way as the kidneys to assess whether
tumors were present outside of the kidneys, but no metastatic
tumors were identified.

Identification of genes involved in PC destruction. Reverse
transcription-quantitative PCR (RT-qPCR) was performed
to measure the expression levels of mRNA. Total RNA was
extracted using a miRNeasy FFPE kit (Qiagen GmbH),
according to the manufacturer's instructions. Conversion
to cDNA was performed using an RT2 First Standard kit

hematoxylin and eosin; NT, normal tissue; PC, pseudo-capsule; i-Cap, invasion

(Qiagen GmbH), according to the manufacturer's instructions.
cDNA was added to RT?2 SYBR Green qPCR Mastermix
(Qiagen GmbH) and the mRNA expression of ~400 genes
was measured using three RT? Profiler PCR Array panels
as follows: Rat Extracellular Matrix & Adhesion Molecules
(cat. no. PARN-013ZD), Rat Tumor Metastasis (cat.
no. PARN-028ZD) and Rat Fibrosis (cat. no. PARN-120ZD)
(all from Qiagen GmbH) in NT around the PC and tumor
tissue around the PC to identify genes that were upregulated
or downregulated in the formation and destruction of the PC.
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RT-qPCR and Heat map analysis were performed using the
CFX96 Touch Real-Time PCR Detection System (Bio-Rad
Laboratories, Inc.), in a manner similar to that reported in
our previous study (18). RT-qPCR was performed under
the following conditions: Denaturation at 95°C for 10 min;
40 cycles of denaturation at 95°C for 15 sec; and annealing and
extension at 60°C for 1 min. Primer sequences were not avail-
able due to trade secrets. mRNA expression was compared
between the i-Cap 1 group and the i-Cap 2-3 group. Relative
expression was normalized to Actb, B2m, Hprtl, Ldha and
Rplpl expression, as the use of multiple housekeeping genes
is known to increase reliability (19), and estimated using the
2444 method (20). Results were presented as the fold-change
relative to the control.

Confirmation of the relevant gene groups in human ccRCC
specimens via immunohistochemistry (IHC). THC was
used to assess whether the genes identified in the rat model
were involved in PC formation and destruction in human
ccRCC specimens. Resected tissue specimens were fixed
in 10% formalin, incubated overnight at room tempera-
ture and embedded in paraffin. Paraffin-embedded blocks
were then cut into 3-ym sections and placed on Superfrost
Plus microslides (Thermo Fisher Scientific, Inc.). Sections
were deparaffinized in xylene and hydrated in decreasing
concentrations of ethyl alcohol, and antigen retrieval was
carried out via autoclaving with citric acid buffer (pH 6.0) for
20 min at 120°C. Next, the sections were incubated with 3%
hydrogen peroxide for 15 min at room temperature to block
endogenous peroxidase activity. IHC staining was performed
using the Histofine SAB-PO (Multi) kit (cat. no. 424043;
Nichirei Biosciences, Inc.) according to the manufacturer's
instructions. Non-specific binding was blocked by incubating
the sections with 10% normal goat serum for 10 min. The
sections were incubated with monoclonal antibodies against
collagen type 4A2 (COL4A2; cat. no. ab125208; 1:500 dilu-
tion; Abcam), matrix metalloproteinase-7 (MMP-7; cat.
no. MAB9071; 1:200 dilution; R&D Systems, Inc.), endoglin
(ENG:; cat.no. AF1097; 1:100 dilution; R&D Systems, Inc.) and
I-selectin (SELL; cat. no. sc-390756; 1:50 dilution; Santa Cruz
Biotechnology, Inc.) overnight at 4°C. The secondary antibody
reaction was performed using Histofine SAB-PO (Multi) kit
(cat. no. 424043, Nichirei Biosciences, Inc.) according to the
manufacturer's instructions. The slides were developed with
DAB (Histofine, cat. no. 415172, Nichirei Biosciences, Inc.)
until the signal clearly appeared, and the nuclei were stained
with Mayer's hematoxylin for 1 min at room temperature,
dehydrated and sealed with a cover slip. Images were
obtained using a fluorescence microscope (EVOS FL Auto,
AMAFDI1000; Thermo Fisher Scientific, Inc.). All stained
tissue samples were evaluated by two investigators (Y1 and
TM) without knowledge of the patient data. The tumor tissues
and NTs around the PC from the region in which the i-Cap
score was assigned were evaluated by immunostaining.

The sections were analyzed and staining was assessed
using a semiquantitative grading system based on a previous
report by Allred e al (21). Briefly, the expression level of
each marker was scored by assigning a proportion score and
an intensity score. The proportion score represents the esti-
mated proportion of immunoreactive cells or stroma: 0,0%

of cells; 1,0-1%; 2,1-10%; 3, 10-33%:;, 4,33-67%:;, 5, 67-100%.
The intensity score represents the average intensity of posi-
tive cells or stroma: 0,none; 1,weak; 2,intermediate; 3,strong.
The proportion and intensity scores were added to obtain a
combined immunostaining score for the expression of each
marker, which ranged from 0 to 8: 0, none; 1-2, low; 3-4,
moderate; 5-6, high.

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 5.0 (Dotmatics). The associations between
i-Cap and tumor clinicopathological variables or IHC results
were evaluated by Kruskal-Wallis test and the Dunn's multiple
comparison test or Fisher's exact test. Cancer-specific survival
(CSS) or disease-free survival (DFS) were estimated using the
Kaplan-Meier method. CSS endpoints were defined as death
due to RCC after surgery. DFS endpoints were defined as
distant metastasis, local recurrence or death from any cause
after surgery. CSS or DFS were calculated from the day when
nephrectomy or NSS was performed until the last follow-up
or death by RCC, or when RCC recurrence or metastasis
were diagnosed. The differences between each group were
compared using the log-rank test. Multivariate logistic and
Cox regression analyses were performed using SPSS software
version 21 (IBM Corp.) to identify factors that predict
postoperative DFS and CSS. All tests were two-sided and
P<0.05 was considered to indicate a statistically significant
difference.

Results

Relationship between PCs and clinicopathological char-
acteristics in ccRCC. Table I shows the clinicopathological
information of 169 patients who underwent surgery at Nara
Medical University between 2007 and 2014. The median
follow-up period was 91 months (interquartile range,
60-114 months). During the follow-up period, 39 patients
(23.1%) experienced metastasis and 4 patients (2.4%) had local
recurrence. Among them, 1 patient showed both local recur-
rence and metastasis. A total of 33 patients (19.5%) died; of
these, 16 (9.5%) died due to ccRCC. Table I also summarizes
the relationship between i-Cap and PC thickness, tumor size
and Fuhrman grade. Patients with i-Cap 3 had a significantly
thinner PC than those with i-Cap 1. Notably, there was no
significant difference between i-Cap 2 and i-Cap 1. In addi-
tion, patients with i-Cap 2, 3 and 4 had significantly larger
tumor diameters than those with i-Cap 1. In addition, patients
with i-Cap 3 and 4 had a higher proportion of high Fuhrman
grades than those with i-Cap 1.

Prognostic factors after surgery. The Kaplan-Meier curves
for DFS and CSS based on i-Cap score are displayed in
Fig. 2. CSS and DFS were lower as the i-Cap score increased
(Fig. 2A and B). Patients with PC invasion (i-Cap 2-4) had
significantly worse DFS and CSS compared with those
without PC invasion (i-Cap 0 and 1) [hazard ratio (HR) 4.13,
95% confidence interval (CI) 2.27-7.67, P<0.001; HR 6.16,95%
CI 2.29-16.6, P<0.001] (Fig. 2C and D). Multivariate analysis
revealed that i-Cap, Fuhrman grade and tumor size were nega-
tive prognostic factors for DFS, and i-Cap and tumor size were
negative prognostic factors for CSS (Table II).



Table I. Clinicopathological information of patients in each i-Cap score group.
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Variable Total i-Cap 0 i-Cap 1 i-Cap 2 i-Cap 3 i-Cap 4
Cases, n 169 5 89 41 25 9
Age, years

Median (IQR) 64 (56-74) 73 (71-75) 65 (53-73) 67 (56-74) 67 (62-74) 63 (62-64)
Sex, n

Male 126 3 67 39 19 8

Female 43 2 22 2 6 1
Sugery, n

RN 134 2 60 41 22 9

NSS 35 3 29 0 3 0
Tumor size, mm

Median (IQR) 45.0 235 340 48.0 64.0 60

(26.0-65.0) (16.5-32.8) (20.0-50.8) (36.5-60.0) (45.8-100.5) (51.5-120)

P-value ns Ref* <0.05* <0.001* <0.01*
Serum CRP, mg/1

Median (IQR) 0.1 (0.1-0.3) 0.1 (0.1-04) 0.1 (0.1-0.3) 0.1(0.0-02) 0.1(0.1-1.1) 1.3(0.1-4.6)
Serum Alb, g/dl

Median (IQR) 43(4.0-46) 4.6(45-46) 43(4.0-45) 43@.1-47) 424045 404044
Pathological T stage, n

1 99 2 65 25 6 1

2 6 0 4 1 1 0

3 61 3 18 15 18 7

4 3 0 2 0 0 1
INF, n

a 77 4 59 11 1 2

bandc 92 1 30 30 24 7
PC thickness, mm

Median (IQR) 0.62 0.72 0.57 0.37

(0.36-1.02) (0.39-1.26) (0.42-0.71) (0.25-0.70)

Mean = SD 0.74+0.49 0.85+0.55 0.69+0.39 0.49+0.31

P-value NA Ref* ns? <0.05* NA
Fuhrman grade maximum, n

I and 2 122 5 72 31 12 2

3and 4 47 0 17 10 13 7
P-value 0.58° Ref® 0.49° <0.01° <0.01°
Disease recurrence after
surgery, n

Distant metastasis 39 0 10 12 12 5

Local recurrence 4 0 1 0 1 2
Follow-up, months

Median (IQR) 91 (60-114) 105 (68-107) 93 (63-114) 85 (68-127) 95 (62-117) 49 (15-84)

IQR, interquartile range; RN, radical nephrectomy; NSS, nephron-sparing surgery; i-Cap, invasion of pseudo-capsule; Ref, reference (compared
with the other groups); NA, not analyzed; SD, standard deviation; CRP, C-reactive protein; Alb, albumin; INF, infiltration. “Kruskal-Wallis test

and Dunn's multiple comparisons test; "Fisher's exact test.

Evaluation of PC formation in each metastatic lesion. The
present study evaluated 15 specimens from 14 patients who
underwent resection of metastatic ccRCC at Nara Medical
University. The 15 specimens consisted of 6 from the lung, 3

from skeletal muscle and bone, and 1 from the skin, contra-
lateral kidney and fat (adipose tissue in the abdomen). As
shown in Fig. 3, in all cases, PC formation was observed in
the primary kidney tumor, although there was a difference
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Figure 2. Kaplan-Meier curves of DFS and CSS for each i-Cap score, and for patients with or without invasion of the PC. DFS and CSS were estimated using
the Kaplan-Meier method. (A) DFS of patients in each i-Cap group. Compared with in patients with i-Cap 1, those with i-Cap 2, 3 and 4 had a significantly
worse DFS. (B) CSS of patients in each i-Cap group. Compared with in patients with i-Cap 1, those with i-Cap 3 and 4 had a significantly worse CSS. (C) DFS
was compared between two groups, those which exhibited invasion into the PC or normal renal tissue (i-Cap 2/3/4) and those that did not (i-Cap 0/1). Compared
with in patients with i-Cap 0/1, those with i-Cap 2/3/4 had a significantly worse DFS. (D) CSS compared between two groups, those which exhibited invasion
into the PC or normal renal tissue (i-Cap 2/3/4) and those that did not (i-Cap 0/1). Compared with in patients with i-Cap 0/1, those with i-Cap 2/3/4 had a
significantly worse CSS. "P<0.05. DFS, disease-free survival; CSS, cancer-specific survival; PC, pseudo-capsule; i-Cap, invasion of PC.

in the i-Cap score. In addition, there was a difference in PC
formation depending on the metastatic site. Specifically, PC
formation was not observed in organs that are considered to
lack an epithelial component and have a lower elastic modulus
than that of the kidney (22,23).

Identification of genes involved in PC formation and destruc-
tion in ccRCC rat models. A total of 3 rats from the control
group and 5 rats from the ccRCC rat model group were
sacrificed at each time point 8 weeks after the end of FeNTA
administration. Macroscopic images of kidneys from rats with
ccRCC at each time point of FeNTA administration (12, 16,
20 and 24 weeks) showed a tendency for renal tumors to grow
with multiple occurrences (Fig. 4A). Microscopic images of
renal tumors at each time point of FeNTA administration
exhibited a trend towards an increase in i-Cap score as the
administration period increased (Fig. 4B).

Heat map analysis compared mRNA expression levels
between rats with ccRCC in the i-Cap 1 and i-Cap 2-3 groups
(Fig. 5A). The areas shown in red are upregulated, and the
areas shown in green are downregulated. Also, the areas
displayed in black are not regulated. Black text with a white

cross indicates that there is no calculated value. The present
study paid attention to the extracellular matrix, angiogenesis
and immune-related markers among the genes that had a
difference of >2-fold in RT-qPCR results. The expression
levels of COL4A2, ENG, MMP-7 and SELL were enhanced in
the i-Cap 2-3 group compared with those in the i-Cap 1 group,
with a >2-fold difference.

Evaluation of four genes identified in a rat model of ccRCC
in human specimens. The semi-quantified scores are shown
in Fig. 5B. Representative IHC images of COL4A2, MMP-7,
ENG and SELL immunostaining for each i-Cap score are
shown (Fig. 5C). For COL4A2, MMP-7 and SELL, it was
indicated that the expression levels of these proteins increased
as i-Cap progressed, that is, as PC destruction progressed. By
contrast, the opposite was true for ENG, indicating that protein
expression decreased as i-Cap progressed.

Discussion

The present study investigated the processes involved in the
formation and destruction of a PC in ccRCC. To the best of our
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Table II. Multivariate analysis for DFS and CSS.
DFS CSS
Multivariate analysis Multivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
UICC 8th pT stage (pT1/2/3/4)* 1.05 0.69-1.59 0.82 1.09 0.49-2.41 0.84
Fuhrman grade (G1-4)* 1.95 1.17-3.25 0.010 1.44 0.65-3.23 0.37
Size (mm)® 1.02 1.00-1.27 0.010 1.02 1.00-1.04 0.02
INF (a/b/c)* 1.34 0.64-2.78 044 1.19 0.29-4 .87 0.81
Serum CRP (mg/1)® 0.95 0.86-1.06 0.39 1.00 0.85-1.17 0.39
Serum Alb (g/dl)® 0.80 0.39-1.66 0.55 0.60 0.85-1.17 0.55
i-Cap (0-4)* 1.60 1.13-2.25 <0.01 220 1.20-4.01 0.01

DFS, disease-free survival; CSS, cancer-specific survival; HR, hazard ratio; CI, confidence interval; UICC Union for International Cancer
Control; pT, pathological tumor; INF, infiltration; CRP, C-reactive protein; Alb, albumin; i-Cap, invasion of pseudo-capsule. *Ordinal variable;

bcontinuous variable.
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Figure 3. Evaluation of PCs in each metastatic site. (A) Representative images of metastasis (x40 and x100 magnification). Yellow arrows indicate PC formation
and green arrows indicate no PC formation. Scale bars, 400 or 1,000 ym. Although PC formation was not observed in fat and lung tissues, it was observed in
muscle and bone. (B) Schematic diagram showing the elastic modulus of the kidney and each organ based on the reports by Butcher et al (16) and Handorf et al
(17). (C) Table showing the presence or absence of PC formation in primary renal tumors and resected metastatic lesions. PC, pseudo-capsule; i-Cap, invasion

of PC.
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Figure 4. Macroscopic and microscopic images of kidneys of a rat model of ccRCC. Representative (A) macroscopic and (B) microscopic images of the rat
models (x40 and x100 magnification). As the administration period of ferric nitrilotriacetic acid and N-diethylnitrosamine increased, the number and size of
tumors tended to increase, and a corresponding exacerbation of i-Cap score was observed. The solid yellow line indicates the formation of a PC; the dotted
yellow line shows the broken part of the PC. ccRCC, clear cell renal cell carcinoma; NT, normal tissue; PC, pseudo-capsule; i-Cap, invasion of PC.

knowledge, no similar study has yet been published. Firstly, the
present study confirmed the presence of tumors in which a PC
was not formed in local ccRCC, and these tumors were clas-
sified as i-Cap 0. Only 5 out of 169 cases (3%) were classified
as i-Cap 0, with smaller tumor size and lower Fuhrman grade
compared with the others. Additionally, in the evaluation of
metastatic lesions, PC formation was observed in the primary
tumor site (i.e. the kidney) in all cases; however, although
this information was only available from a sample size of
14 cases, no evidence of PC formation in soft tissues, such as
fat and lungs, which are known to have low elastic moduli,
was identified. Evaluation of the elastic modulus of each tissue
by Butcher ef al (22) and Handorf er al (23) reported that fat
and lung tissues are less stiff than the kidney, whereas muscle
and bone are stiffer than the kidney. A plausible hypothesis
derived from the present metastasectomy findings is that a PC
does not form in ccRCC when normal tissue stiffness is lower
than that of tumors, especially when the epithelial component
is absent. In addition, i-Cap O tumors were characterized
by very small diameters and low-grade tumors. Previous

research has indicated that low-grade ccRCC tumors exhibit
a significantly slower growth rate compared with high-grade
ccRCC tumors (24,25). This suggests that i-Cap 0 tumors
may also possess a very slow growth rate. Given their small
size and slow proliferation, it is possible that the normal renal
parenchyma is not compressed, leading to the absence of PC
formation. Evaluation of PC formation in these metastases and
the pathological features of i-Cap 0 tumors indicated that a
PC is caused by the physical exclusion of normal parenchymal
components, as reported by Pickhardt et al (2).

The present study also focused on the destruction of PCs
and used the i-Cap classification reported by Snarskis e al (12)
as a reference. The difference between this previous study and
the present study is that the current study used the classifica-
tion i-Cap O when there was no PC formation, whereas the
i-Cap classification was the same as Snarskis er al when a
PC was present. The present study examined the relationship
between PC thickness, tumor size and Fuhrman grade for each
i-Cap group. As the i-Cap score increased, the PC became
thinner, the tumor diameter became larger and the degree
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Figure 5. Factors associated with i-Cap score, and their immunohistochemical staining and score comparison. (A) Heat map demonstrating the differences
in mRNA expression levels between the i-Cap 1 and i-Cap 2/3 groups in a rat model of ccRCC, as revealed through PCR panel analysis. (B) Immunostaining
scores of each protein in each i-Cap score group. ‘P<0.05 (Kruskal-Wallis and Dunn's post hoc test). (C) Representative images of immunohistochemical
staining of human specimens for four proteins in each i-Cap score group (x40 magnification). COL4A2, collagen type 4A2; MMP-7, matrix metallopro-
teinase-7; ENG, endoglin; SELL, I-selectin; i-Cap, invasion of psuedo-capsule; min, minimum; avg, average; max, maximum.

of malignancy also increased. In addition, the i-Cap score  to the results of a univariate analysis, and i-Cap and tumor
also increased as tumors became more aggressive. Notably, size were identified as prognostic factors for both DFS and
i-Cap was associated with oncological prognosis according  CSS in multivariate analyses in the present study. The present
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Figure 6. Schematic diagram comparing i-Cap 1 and i-Cap 3. i-Cap 1 shows increased extensibility and PC formation due to physical retraction. The expression
of MMP-7 is low, and the disturbance of the BM structure by COL4A?2 is also modest. i-Cap 3 shows increased invasiveness, breaking through the PC and
invading the renal parenchyma. It shows an increase in MMP-7 expression and disruption of the alliance of the BM structure by COL4A2. PC, pseudo-capsule;
COL4A2, collagen type 4A2; MMP-7, matrix metalloproteinase-7; BM, basement membrane.

finding that PC invasion is a factor of poor oncological prog-
nosis is consistent with the findings of Cho ef al (11). In the
present study, only 4 of 169 patients had local recurrence. Of
these, only 1 patient was treated with NSS; this patient was
1 of 29 classified as i-Cap 1 and 1 out of 35 who underwent
NSS. None of the 3 patients who underwent NSS and were
classified as i-Cap 3 experienced local recurrence. Therefore,

it was difficult to assess the association between NSS, i-Cap
and local recurrence in the present study.

In the FeNTA-administered ccRCC rat model, it was
confirmed that the tumors occurred more frequently and
growth increased as the administration period progressed. In
addition, the tendency of a PC to collapse with the extension
of the administration period was confirmed. This suggests that
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the destruction of a PC is caused by tumor growth and exacer-
bation. To identify the molecules involved in PC destruction,
comprehensive RNA analysis was performed using tumors
obtained from rats with ccRCC from the i-Cap 2-3 and
i-Cap 1 groups. As a result, the present study paid attention
to the extracellular matrix, angiogenesis and immune-related
markers, which had a fold difference of >2. Subsequently,
immunohistochemical staining was performed for the PC
destruction-associated molecules in the tumor margin of
human localized RCC specimens and their expression was
evaluated in each i-Cap group.

COL4 is a major component of the basement membrane
(BM) in the extracellular matrix. In renal tumors, COL4A1
and COL4A?2 chains have been detected in the BM (26).
Disturbance of BM structure and an increase in density are
seen with increasing malignancy in RCC (27). Furthermore,
Provenzano et al (28) showed that collagen rearrangement and
densification in breast cancer can promote tumorigenesis and
invasion into surrounding tissues. These findings support the
present finding that the expression of COL4 is enhanced with
exacerbation of i-Cap.

MMP-7 is a member of the MMP family of extracellular
matrix-degrading enzymes. It is well known that MMPs are
upregulated in various types of cancer, and play important
roles in cancer invasion and metastasis (29-31). Among them,
MMP-7 is considered to be produced primarily by fibroblasts,
inflammatory cells and cancer cells, and to degrade proteo-
glycans, elastin, COL4 and fibronectin (32). MMP-7 has been
shown to be enhanced at the invasion front of malignant tumors
of esophageal squamous cell carcinoma (29) and colorectal
carcinoma (31), indicating a direct role in cancer cell inva-
sion. In addition, in RCC, Miyata et al (30) reported enhanced
expression at the invasion tip. In the present study of PC rupture,
MMP-7 expression increased in response to PC destruction,
suggesting that MMP-7 serves a role in RCC peri-invasion.
Fig. 6 schematically shows the differences in extracellular
matrix reconstruction by COL4 and MMP-7 between i-Cap
1 and 3. MMP-7 cleaves the cancer cell membrane protein
hepatocyte growth factor activator inhibitor type 1 (HAI-1) to
produce a soluble HAI-1 (sHAI-1) fragment. It has been shown
that sHAI-1 and MMP-7 cooperate to induce cancer cell
aggregation and metastasis, and therapeutics targeting sHAI-1
have attracted attention (33). Although the current study did
not detect SHAI-1 expression, it was confirmed that expression
of MMP-7 at the site of invasion was high, which may benefit
from sHAI-1-targeted therapy.

RCC is known to be hypervascular and rich in neovascular-
ization, but is also a highly heterogeneous tumor. Unsupervised
transcriptome analysis of 823 tumors from patients with
advanced RCC by Motzer et al (34) revealed that the combi-
nation of angiogenesis, immunity, cell cycle, metabolism and
stromal programs are classified into seven distinct molecular
subsets. Tyrosine kinase inhibitors are effective in subsets with
high angiogenesis, and immune checkpoint inhibitors improve
clinical benefit in tumors with high T effector and/or cell cycle
transcription. These subset classifications were performed for
each international metastatic RCC database consortium risk
classification used to classify the prognosis of metastatic renal
cancer, and it was shown that the classification of the immune
system subset gradually increases and that of the angiogenic

system subset gradually decreases while exacerbating from
favorable risk to intermediate and poor risk. Ohe et al (35)
and Cioca et al (36) also showed that decreased blood vessel
density in RCC is associated with exacerbation of cancer
malignancy. The present finding that higher i-Cap was associ-
ated with a poorer prognosis and decreased ENG expression is
consistent with these findings.

SELL is a cell adhesion molecule involved in lymphocyte
migration, which is expressed on most circulating leukocytes.
Notably, loss of SELL is indicative of T-cell activation as it
occurs upon cell activation. ccRCC has been characterized
as having one of the highest immune infiltration scores in
pan-cancer analyses (37,38). In recent years, the immunoscore
has attracted attention in the field of colon cancer, as it reflects
the oncological prognosis. The immunoscore ranges from 10, the
so-called ‘cold” tumor (no or low density of immune cells both
at the periphery and center of the tumor), to 14, the so-called
‘hot’ tumor (high immune cell density at both the periphery and
center of the tumor), and is used to classify cancer according to
immune infiltration (39). Page et al (40) also reported that the
infiltration of immune cells at the infiltration site of the tumor
margin is related to prognosis. Notably, ccRCC is considered to
have a poor prognosis as immune cell infiltration increases (41).
In the present study, the expression of SELL was detected,
focusing on the infiltration of PC. As a result, it was confirmed
that the expression of SELL was enhanced as the i-Cap score
increased. This suggests the possibility that immune cell infil-
tration occurs along with PC destruction.

As aforementioned, it has been confirmed that tumor
infiltration into the PC, which is associated with exacerbation
of tumor malignancy, is accompanied by decreased angiogen-
esis, destruction of the extracellular matrix by MMP-7 and
reconstruction by COL4, and infiltration of immune cells.
This finding may be the key to identifying the PC features that
accompany most cases of ccRCC.

The present study has various limitations. First, prognostic
factors were retrospectively examined and patients who
received adjuvant treatment were not included. Pathological
scoring was also performed retrospectively by a single
urological pathologist. However, this issue is minimized as the
pathologist that performed the scoring did not know the clinical
information of the patients. Moreover, some i-Cap scores may
have been upgraded secondary to surgical removal and/or iatro-
genic disruption of the PC during specimen processing. There
may also have been inter-observer variability and institutional
bias among the investigators who graded the immunostaining
score. Furthermore, there were only five cases of i-Cap 0 in
the present study. In our other study (unpublished data) of only
NSS, it was revealed that ccRCC did not form a PC in some
cases (3 out of 11 cases) when the tumor size was <2 cm. The
majority of the cases in the present study were nephrectomies,
and there were few cases <4 cm that were eligible for NSS,
which may be one of the reasons why only five cases of i-Cap
0 were identified. Of the 39 patients in which postoperative
metastasis was observed, 14 patients underwent resection of
the metastasis. Although it would have been best to evaluate the
PCs in the metastatic lesions of all patients, there were cases
in which drug therapy was preferred. A feature of the present
study is that by using a rat model, the genetic background
and tumor background are uniform; therefore, it is possible to
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identify a group of genes that are likely to have some signifi-
cance with a limited number of samples. Subsequently, the
genes identified using the rat model were assessed in human
samples. However, in the rat model of ccRCC, the expres-
sion levels of ENG increased as i-Cap score increased, but
the opposite result was obtained in human specimens. It was
hypothesized that this may be due to species differences or
simply due to the smaller numbers assessed in the rat model.
Additionally, in the animal model, the kidneys were fixed in
formalin immediately after removal so that the gap between
the tumor and normal renal tissue could be observed; there-
fore, another limitation is that it was not possible to remove
only the tumor or measure the tumor weight.

In conclusion, the present study investigated the formation
and destruction of PCs in ccRCC. PCs were formed by physical
compression and tended to collapse as the tumor became
malignant. It was revealed that tumor invasion into the PC, that
is, disruption of the PC, can be a prognostic factor in ccRCC.
Furthermore, PC breakdown was accompanied by degradation
of the extracellular matrix by MMP-7, reconstitution by COL4,
decreased angiogenesis and infiltration of immune cells.
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