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ABSTRACT: Each histological variant of renal cell tumors has a unique color. The yellowish color of clear cell renal cell carcinoma (CCRCC) is
explained by the presence of intracytoplasmic lipid and glycogen accumulation. Color changes in CCRCC are correlated with clinicopathologi-
cal and metabolic changes, as well as biological behavior. We analyzed and compared the clinical, histopathological, and immunohistochemical
features and gene expression profiles, in lipid metabolism of yellowish-colored ChRCC (ChRCC-Y), non-yellowish-colored ChRCC (ChRCC-N),
and CCRCC. Of 14 ChRCCs, we retrieved 6 ChRCC-Ys. Patients with ChRCC-Y are younger than those with ChRCC-N, and the tumor is not
predominant in males. ChRCC-Ys are smaller than ChRRC-Ns. Three ChRCC-Ys exhibited individual discrete tubule formation. No ChRCC-Ns
exhibited individual discrete tubule formation. Two of 6 ChRCC-Ys showed relatively diffuse adipophilin positivity. No ChRCC-Ns demonstrated
diffuse positivity for adipophilin. The expression of SCD, FDFT1, and E2F1 showed a tendency to be lower in ChRCC-Y than in ChRCC-N. The
expression of PDGFB showed a tendency to be higher in ChRCC-Y than in ChRCC-N. This study demonstrated ChRCC-Y did not indicate an
increase in lipid and cholesterol metabolism and that ChRCC-Y did not have the common molecular alteration of CCRCC. The absence of such
metabolic acceleration in ChRCC-Y might support the biological indolent behavior. Furthermore, we revealed that macroscopic color changes
might be correlated with various clinicopathological features and immunohistochemical and molecular changes from different perspectives. We

believe further characterization of RCC, including tumor heterogeneity, is needed to improve the management of patients with RCC.
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Introduction
Each histological variant of renal cell tumors has a unique color
and texture on the cut surface. For instance, clear cell renal cell
carcinoma (CCRCC) is yellowish, papillary renal cell carcinoma
(PRCC) is dirty and friable, chromophobe renal cell carcinoma
(ChRCC) is beige in an unfixed state and gray/white in a fixed
state, and renal oncocytoma is mahogany.> However, in clinical
practice CCRCC is often whitish or tan instead of yellowish.
Similarly, ChRCC is sometimes yellowish on the cut surface,
which confounds the diagnosis during macroscopic inspection®>
Indeed, some variants of ChRCC including multicystic variant,
neuroendocrine (NE) features, and NE-like features, have been
reported to show a yellowish color.** Variations in color can be
interpreted as heterogeneity in renal cell carcinoma (RCC).
Additionally, the color change in CCRCC suggests progression
to high-grade RCC, which is often composed of eosinophilic
cells with a high nuclear grade or shows a sarcomatoid change.
The yellowish color of CCRCC is explained by the intracy-
toplasmic fat and glycogen accumulation.!> CCRCC harbors a

VHL-HIF2a pathway alteration, which activates perilipin 2
(PLN2), CPT1A, SREBF1, and SREBF2 via KLF6 activa-
tion. Eventually, this results in lipid droplet accumulation.®’
PLN2, also called adipophilin, is a lipid droplet coating protein.
PLN2 is expressed throughout the body and in most
CCRCCs.8? PLN2 expression is correlated with an adverse
prognosis in some malignancies such as malignant melanoma,
breast cancer, and pancreatic ductal adenocarcinoma.l0-12
However, in CCRCC, a decrease in PLN2 expression is corre-
lated with a poor prognosis.®13 In addition, high membranous
fatty acid transport protein 4 expression is indicative of pro-
gressive disease.* Thus, changes in lipid metabolism influence
the biological behavior of various tumors.

Color changes in CCRCC are correlated with clinicopatho-
logical and metabolic changes, as well as biological behavior.
However, there are no reports regarding the correlation between
color and clinicopathological and molecular features in
ChRCC. Here, we analyzed and compared the clinical, histo-
pathological, and immunohistochemical features and gene
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Figure 1. A representative macroscopic photo of yellowish-colored chromophobe renal cell carcinoma (ChRCC-Y). We defined ChRCC-Y had the color
equivalent to or darker than perirenal fat color. The cut surface of this ChRCC was dark yellowish compared to the fat color (arrow) (case Y3).

expression profiles in lipid metabolism of yellowish-colored
ChRCC (ChRCC-Y), non-yellowish-colored ChRCC
(ChRCC-N), and CCRCC.

Materials and Methods

Case selection

The institutional ethics board approved this study. We reviewed
macroscopic color photos of ChRCC available from our
pathology report between 2015 and 2019 and collected
ChRCCs in the HE findings and immunohistochemical
results. We excluded ChRCCs that underwent preoperative
transarterial embolization therapy because of the color change
caused by hemorrhage or necrosis. We also excluded high-
grade oncocytic tumors (renal cell carcinoma with eosinophilic
and vacuolated cytoplasm), low-grade oncocytic tumors (c-kit-
negative, CK7-positive), and unclassified oncocytic tumors.'5-17
We classified ChRCC into ChRCC-Y or ChRCC-N.
ChRCC-Y was defined as the color equivalent to or darker
than perirenal fat color (Figure 1). The other ChRCCs without
yellowish color were classified as ChRCC-N. We retrieved 6
ChRCC-Ys and 8 ChRCC-Ns. The largest ChRCC in the
kidney was regarded as an index tumor. Non-neoplastic renal
tissue from 4 ChRCC-Ys and 1 ChRCC-N were available for
molecular analysis.

Clinical and pathological analysis

We obtained the patients’ clinical information, including age,
sex, tumor laterality, follow-up duration, and outcome, from
electronic medical records. We evaluated the following

pathological findings: the color of the cut surface after fixation,
tumor size, pI' (AJCC eighth edition), tumor necrosis, lym-
phovascular invasion (LVI), tumor architecture, and cytological
and stromal features (pigment and cholesterin deposition,
hemorrhage, foamy macrophage, and edema). We evaluated
the degree of glycogen accumulation, using Periodic acid/
Schiff (PAS) staining and diastase digestion PAS (d-PAS)
staining, based on the following proportion: 0, 0%; 1, less than
33%; 2, 33%-66%; 3, more than 66%. Immunohistochemistry
was performed on 4 pm-thick unstained slides using the Bond-
IIT (Leica, Newecastle, UK) or BenchMark ULTRA (Roche,
Basel, CH) auto-immunostainer according to the manufactur-
er’s instructions. We used the following primary antibodies:
vimentin (V9 mouse monoclonal, Roche, Basel, CH, ready-to-
use [RTU], heat, pH9), c-kit (rabbit polyclonal, Dako, Tokyo,
Japan, 1:200, heat, pH9), cytokeratin 7 (CK7) (SP52 rabbit
monoclonal, Roche, Basel, CH, RTU, heat, pH9), SDHB
(21A11AE7 mouse monoclonal, abcam, Tokyo, JPN, 1:400,
heat, pH6), chromogranin A (LK2H10 mouse monoclonal,
Roche, Basal, CH, RTU, heat, pH9), synaptophysin (MRQ-40
rabbit monoclonal, Roche, Basal, CH, RTU, hear, pH9),
INSM-1 (A-8 mouse monoclonal, Santa Cruz Biotechnology,
Dallas, TX, USA, 1:100, heat, pH9), and adipophilin (AP125
mouse monoclonal, Progen, Heidelberg, DE, 1:400, heat,
pH9). Vimentin, c-kit, CK7, chromogranin A, and synapto-
physin were processed using the BenchMark ULTRA. SDHB,
INSM-1, and adipophilin were processed using Bond-III. The
intensity of the stain was classified as weak, moderate, or strong.
We evaluated the results using the H-score, which was calcu-
lated by multiplying the intensity score and the proportion (%).
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Table 1. Clinical findings of chromophobe renal cell carcinoma.

CASE AGE SEX SIDE F/U (MONTH)
Y1 79 m R 33
Y2 62 m R 6
Y3 65 m R 6
Y4 67 f R 3
Y5 53 f L 9
Y6 87 f R 25
N1 81 m R 10
N2 43 m R 19
N3 64 m R 34
N4 43 m L 31
N5 66 f R 16
N6 68 m R 18
N7 58 m L 1
N8 31 f R 18

REC PROGNOSIS COMPLICATION
- NED
- Lost
- NED
- NED
- NED
- NED BHD s/o*
- NED CCRCC, lung metastasis
- NED

- NED

- NED

- DOA PK

- Lost

- NED

n AWD

Abbreviations: AWD, alive with disease, BHD s/o, suspicion of Bird-Hogg-Dube syndrome; CCRCC, clear cell renal cell carcinoma; DOA, died of another disease; f,
female; f/u, duration of follow-up; L, left; m, male; NED, no evidence of disease; PK, pancreatic carcinoma; R, right; rec, recurrence;
*This patient had multiple small chromophobe renal cell carcinomas or chromophobe renal cell carcinoma-like lesions in the kidney.

We regarded H-score <50 as 0, 50<<, <100 as 1, 100<<, <200
as 2, and >200 as 3.

Molecular analysis

Total RNA was extracted from formalin-fixed paraffin-
embedded ChRCC or non-neoplastic renal tissue using the
Maxwell® RSC Instrument (Promega Corporation, Madison,
WI, USA) with the Maxwell RSC RNA FFPE Kit (Promega
Corporation, Madison, WI, USA) according to the manufac-
turer’s instructions. RNA quality was evaluated using a Quantus
fluorometer (Promega Corporation, Madison, WI, USA) with
QuantiFluor RNA Dye (E3310, Promega Corporation,
Madison, WI, USA). Library construction and cDNA synthe-
sis were performed using Illumina standard procedures. We
used 100ng of RNA and the AmpliSeq cDNA Synthesis for
Illumina (Illumina, San Diego, CA, USA) to synthesize cDNA.
RNA library preparation was performed using the AmpliSeq
for Illumina custom RNA panel, AmpliSeq library PLUS for
Illumina (Illumina, San Diego, CA, USA), and AmpliSeq CD
indexes Set B for Illumina (Illumina, San Diego, CA, USA).
The custom panel was composed of 19 genes, including one
internal control gene (HPRT1). We investigated gene expres-
sion associated with fatty acid (ACLY, ACACA, FASN, SCD)
and cholesterol synthesis (HMGCR, FDPS, FDFT1, SQLE,
CYP51A41, DHCR?7) and the gene expression of LDLR and
PLN2. We also investigated the expression of genes associated

with lipid metabolism in CCRC (KLF6, PDGFB, SREBF1,
SREBF2, CPT14, and E2F1).67'8 RNA sequencing was per-
formed using the iSeq100 (Illumina, San Diego, CA, USA)

according to the manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed using JMP Pro 13 (SAS
Institute, NC, USA). We statistically analyzed pathological
and immunohistochemical data analyses between ChRCC-Y
and ChRCC-N by the Fisher’s exact test. Also, we statistically
analyzed the mRNA expression data between ChRCC-Y and
ChRCC-N, and between ChRCC-Y and non-neoplastic renal
tissue using the Wilcoxon non-parametric test. P-value <.05
were considered statistically significant.

Results
Clinical findings ("Tuble 1)

ChRCC-Y. Of 14 ChRCCs, we retrieved 6 ChRCC-Ys. The
ages of the patients with ChRCC-Y ranged from 53 to 87 years
(mean: 68.8years, median: 66years). Three males and 3
females had ChRCC-Y. Five ChRCC-Ys developed in the
right kidney. All patients were alive without recurrence or
metastasis. One patient with ChRCC-Y was suspected of hav-
ing Bird-Hogg-Dube syndrome because of the presence of
multiple small ChRCCs or ChRCC-like lesions in the kidney
(case Y6).
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Table 2. Pathological findings of chromophobe renal cell carcinoma.

CASE COLOR ARCHITECTURE CYTOLOGICAL NECROSIS  STROMA* GLYCOGEN**
FINDINGS

Y1 Yellow, dirty 3.5 1a Tubulocystic Eosin > reticular Edematous, 0
foam cells,
cholesterin

Y2 Deep yellow 2.5 1a Solid, trabecular Eosin Edematous, 1
hemorrhage

Y3 Deep yellow 3.6 3a Tubulocystic Eosin Edema, 1
cholesterin,
hemorrhage

Y4 Yellow 3.5 1a Small tubule, solid Eosin Hemorrhage 3

Y5 Yellow 1.9 1a Solid Reticular - 2

Y6 Yellow 2.5 1a Tubulocystic Eosin > reticular Edematous, 3
hemosiderin

N1 Beige 5.2 1b Solid Reticular > eosin - 0

N2 Beige 2.9 1a Solid Eosin - 2

N3 Beige 4.5 3a Solid Eosin - 1

N4 Beige 2.5 1a Solid Eosin > reticular - 1

N5 Mahogany 3 1a Cribriform Eosin - 0

brown

N6 Light brown 3.5 1a Cribriform Eosin - 0

N7 Beige 5 1b Solid Eosin > reticular Hemosiderin 1

N8 Beige 1.5 3a Solid, sarcomatoid  Eosin - 0

Abbreviations: eosin, eosinophilic; LVI, lymphovascular invasion.
*(-) almost no evaluable stroma and no significant findings.

**The degree of glycogen accumulation was evaluated using the following proportion: 0, none; 1, less than 33%; 2, 33%-66%; 3, 66%-100%.

CHRCC-N. Of 14 ChRCCs, we retrieved 8 ChRCC-Ns. The
ages of the patients with ChRCC-N ranged from 31 to 81 years
(mean: 56.8years, median: 61years). Six males and 2 females
had ChRCC-N. Six ChRCC-Ns developed in the right kid-
ney. Only 1 patient was administered with nivolumab plus
ipilimumab because of the recurrence of ChRCC-N with a sar-
comatoid change (case N8). One patient with ChRCC-N died
of pancreatic carcinoma (case N5). The other patients were
alive without recurrence or metastasis.

Morphological findings (Table 2)

ChRCC-Y. The tumor size of the ChRCC-Y ranged from 1.9
to 3.6cm (mean: 2.9 cm, median: 3.0 cm). Five ChRCC-Y's were
pTla and 1 ChRCC-Y was pT3a. Four of the 6 ChRCC-Ys
exhibited tubular formation, including tubulocystic growth pat-
tern (Figure 2A) or small tubule formation (Figure 2B). Three of
the ChRCC-Ys also showed individual discrete tubule forma-
tion. Two ChRCC-Ys exhibited solid growth (Figure 2C and
D). Eosinophilic cells were predominant in ChRCC-Ys. One
ChRCC-Y was eosinophilic variant (Figure 2C). One ChRCC

was composed of pale cells without apparent eosinophilic cell
proliferation (Figure 2D). Three ChRCC-Ys showed moderate
or strong glycogen accumulation (Figure 3). No ChRCC-Ys
showed LVI or necrosis. Stromal edema was observed in 4 of 6
ChRCC-Ys (Figure 4A). Hemorrhage or cholesterin deposition
was found in 3 and 2 ChRCC-Ys, respectively (Figure 4A and
B). Apparent foamy cells or hemosiderin deposition was present

in 1 ChRCC-Y (Figure 4A and B).

ChRCC-N. The tumor size of the ChRCC-N ranged from 2.5
to 11.5cm (mean: 4.8cm, median: 4.0cm). Eight ChRCC-Ns
consisted of 4 pT'1a,2 pT1b,and 2 pT3a tumors. No ChRCC-
N, including 2 ChRCC-Ns with cribriform growth patterns,
showed individual discrete tubule formation. ChRCC-Ns
included 4 classical variants (Figure 5A), 2 eosinophilic variants
(Figure 5B), and 2 oncocytic variants (Figure 5C). Eosinophilic
cells were predominant in ChRCC-Ns. One ChRCC-N
showed moderate glycogen accumulation. One ChRCC-N
showed LVI, and 2 ChRCC-Ns showed necrosis. None of the
ChRCC-Ns, except for 1 ChRCC-N with hemosiderin deposi-
tion, had the previously mentioned stromal features.
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Figure 2. Representative histological features of yellowish-colored chromophobe renal cell carcinoma: (A) tubulocystic architecture composed of
eosinophilic or oncocytic cells (case Y1, 3, and 6), (B) acinar growth pattern with small tubules or intracytoplasmic vacuoles (case Y4), (C) solid growth
composed of eosinophilic cells (case Y2), and (D) solid growth composed of large pale cells (case Y5).

Figure 3. A representative PAS staining in chromophobe renal cell
carcinoma. There were many intracytoplasmic PAS positive granules
(glycogen) which were digested by diastase (case Y4).

Immunohistochemical findings (Table 3)

ChRCC-Y. All ChRCC-Ys were negative for vimentin and
positive for c-kit (Figure 6A and B). Two of 6 ChRCC-Ys
exhibited diffuse and strong positivity for CK7 (Figure 6C).
All ChRCCs, except for 1 ChRCC-Y, were completely nega-
tive for NE markers. A few tumor cells in the ChRCC-Y (case
Y1) were weakly stained for synaptophysin. However, addi-
tional immunohistochemical staining for INSM-1 was nega-
tive. SDHB was preserved in all ChRCCs. All ChRCC-Y's had
positive cells for adipophilin (Figure 6D). However, the adipo-
philin-positive cells in the tumor occupied a very small area.

Only 2 ChRCC-Ys showed more than 10% adipophilin-posi-

tive cells.

ChRCC-N. Six of 8 ChRCC-Ns were completely negative for
vimentin, 4 of 8 ChRCC-Ns showed moderate positivity for
c-kit, and 7 of 8 ChRCC-Ns showed moderate or strong posi-
tivity for CK7. All ChRCC-Ns were completely negative for
NE markers. Four of 8 ChRCC-Ns had positive cells for adi-
pophilin. However, the positive cells occupied less than 5% of
the tumors.

Statistical analyses (Supplemental table)

ChRCC-Y typically showed discrete tubule formation and
stromal features (P=.0150 and .0256, respectively). There were
no significant differences about the other pathological and
immunohistochemical findings. The expression of SCD,
FDFTI,and E2F1 was significantly lower in ChRCC-Y than
in ChRCC-N (P=.0169, .0332, .0454, respectively) (Figure
7A). Also, the expression of PDGFB was significantly higher in
ChRCC-Y than in ChRCC-N (P=.0239) (Figure 7A). The
mRNA expressions of FDPS, FDFT1, SQLE, PLN2, and
KLF6 in ChRCC-Y were significantly lower than in non-neo-
plastic renal tissue (P=.0358, .0081, .0225, .0225, .0225,
respectively) (Figure 7B).

Discussion
Patients with RCC develop resistance to various therapies
because RCC has intratumoral heterogeneity.'®? The
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Figure 4. Representative stromal findings of chromophobe renal cell carcinoma (ChRCC): (A) hemosiderin deposition and hemosiderin-laden
macrophages were present in the edematous stroma with hemorrhage (case Y6) and (B) there was cholesterin deposition (case Y1).

Figure 5. Representative histological features of non-yellowish-colored
chromophobe renal cell carcinoma (ChRCC-N): (A) classical pattern
(case N1, 4, and 7). Plant-like cells and eosinophilic cells showed
sheet-like growth, (B) eosinophilic variant (case N2, 3, and 8).
Eosinophilic cells showed sheet-like and thick trabecular growth. The
cells had perinuclear halo and nucleus with irregular contour, and (C)
oncocytic variant (case N5 and 6). This tumor showed cribriform growth
pattern composed of oncocytic cells.

heterogeneity in CCRCC is observed as a macroscopic color
and from tumor architecture and cytological and immunohis-
tochemical findings.?-?> ChRCC exhibits similar heterogene-
ity, and various histological variants have been reported such as
eosinophilic, pigmented adenomatoid, microcystic, oncocytic,
multicystic, NE, and NE-like features.3->232* However, those
variants have not been correlated with the biological behavior
of ChRCC. Tumor size, stage, necrosis, LVI, and sarcomatoid
change are predictors of ChRCC.?526 Lipid/cholesterol meta-
bolic perturbation among ChRCC should be clarified to obtain
additional therapeutic strategies and predictive markers.

Patients with ChRCC-Y are younger than those with
ChRCC-N, and the tumor is not predominant in males. The
findings that ChRCC-Y’s are smaller in size and have neither
necrosis nor LVI suggest that ChRCC-Ys are more indolent
behavior than ChRCC-N. Most ChRCC-Ys showed tubule
formation. Tubule formation is atypical for ChRCC. Such
ChRCC-Ys may be classified as multicystic or microcystic
ChRCC, some of which have been reported as yellowish.*
Three of 6 ChRCC-Ys were composed of individual discrete,
well-formed tubulocystic architecture, contrary to previously
reported microcystic ChRCC that included various adenoma-
tous architectures such as cribriform, fused adenomatous, and
small acini. However, most ChRCC-Ns were the classical or
eosinophilic type.

Immunohistochemically, the results of c-kit and CK7 were
different between ChRCC-Y and ChRCC-N. Some ChRCC
with NE or NE-like features have been reported to show a yel-
lowish color. However, neither ChRCC-Ys nor ChRCC-Ns
exhibited NE features in this study. Some ChRCC-Ys showed
relatively diffuse adipophilin positivity. No ChRCC-Ns had
diffuse positivity for adipophilin. The presence of adipophilin
in ChRCC-Yss suggests intracytoplasmic lipid droplet accumu-
lation. However, adipophilin expression at the protein level did
not correlate with that at the mRINA level in this study. One
possible reason for this is the high sensitivity of immunohisto-
chemistry. Another possible reason is that some ChRCC-Ys
cannot degrade adipophilin efficiently; thus, the half-life is
longer, and adipophilin accumulates in the tumor cells in the
absence of an increase in PLN2 mRNA expression.

Yao et al® demonstrated lower expression of adipose differ-
entiation-related proteins at the mRNA and protein levels in
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Table 3. Immunohistochemical findings of chromophobe renal cell carcinoma.

CASE VIMENTIN C-KIT CK7 SDHB CHROMOGRANIN A SYNAPTOPHYSIN ADIPOPHILIN (%)
Y1 0 2 0 Intact 0 0 30
Y2 0 1 3 Intact 0 0 5
Y3 0 1 1 Intact 0 0 <5
Y4 0 2 3 Intact 0 0 <5
Y5 0 3 1 Intact 0 0 <5
Y6 0 2 0 Intact 0 0 60
N1 0 2 2 Intact 0 0 0
N2 0 2 2 Intact 0 0 <5
N3 0 2 3 Intact 0 0 <5
N4 0 0 0 Intact 0 0 <5
N5 1 0 2 Intact 0 0 0
N6 1 0 3 Intact 0 0 0
N7 0 2 3 Intact 0 0 5
N8 0 0 2 Intact 0 0 0

*Y1 showed weak positivity for synaptophysin (H-score: 0), but both chromogranin A and INSM1 were negative.

Figure 6. Representative immunohistochemical findings of chromophobe renal cell carcinoma (ChRCC): (A) all ChRCCs were negative for vimentin (case
Y2), (B) most ChRCCs showed membranous positivity for c-kit (case Y2), (C) ChRCC typically showed diffuse strong positivity for CK7 (case Y2), and (D)
some ChRCCs showed positivity for adipophilin (case Y6).

ChRCC compared to the expression in CCRCC. However, groups, yellowish and non-yellowish, based on the color of the
this study did not consider the heterogeneity of ChRCC cases. cut surface. In CCRCC, an increase in KLF6 expression by
In our study, we classified the ChRCC cases into 2 VHL-HIF2 axis alteration accelerates PDGFB expression and
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Figure 7. Heat map of mRNA expression of (A) yellowish-colored chromophobe renal cell carcinoma (ChRCC-Y) and non-yellowish-colored
chromophobe renal cell carcinoma (ChRCC-N), and (B) ChRCC-Y and non-neoplastic renal tissue. Some gene expressions between (A) ChRCC-Y and
ChRCC-N (SCD, FDFT1, E2F1), and between (B) ChRCC-Y and non-neoplastic tissue (FDPS, FDFT1, SQLE, PLN2, KLF6) showed a different tendency,

respectively.

decreases E2F1 expression. KLF6 suppresses lipid metabolism
regulators, thereby increasing lipid metabolism and decreasing
E2F1 expression.’ In this study, the expression of upstream
and downstream metabolites of PDGFB and E2F1, including
KILF6, SREBF1,and SREBF2,did not increase in ChRCC-Ys.
This suggested a different mechanism for lipid metabolism
between ChRCC-Y and CCRCC.

Additionally, both SCD mRNA expression, which is involved
in the final process of phospholipid and triacylglyceride metabo-
lism, and FDFT1 mRNA expression, which is involved in cho-
lesterol synthesis, were lower in ChRCC-Y’s than in ChRCC-Nss.
Furthermore, there was a low expression of some genes associ-
ated with cholesterol metabolism in ChRCC-Y compared to
non-neoplastic renal parenchyma. These results support the
absence of lipid and cholesterol metabolism acceleration in

ChRCC-Y. Inactive metabolic states in ChRCC-Yss likely reflect
indolent biological features, and lipid/cholesterol targeted thera-
pies are not effective for ChRCC-Y.

The reason why ChRCC is yellowish is difficult to specify.
One possibility is intracytoplasmic lipid accumulation. The
presence of adipophilin in some of the ChRCC-Ys suggests
intracytoplasmic lipid droplet accumulation and may contrib-
ute to the yellowish color of ChRCC. Foamy macrophages in
the cysts and edematous stroma might also influence the color
of some ChRCCs. Another possibility for yellowish ChRCC is
intracytoplasmic glycogen accumulation. However, ChRCC
shows low glycogen accumulation.?’?® Similar to previous
reports, most ChRCC:s in this study showed mild or no glyco-
gen accumulation, but strong glycogen accumulation was dem-
onstrated in some ChRCC-Ys.
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This study has some limitations. First, the sample size was
small because it was difficult to retrieve evaluable and strikingly
colored photos. Second, we could not analyze all the enzymes
relevant to lipid/cholesterol metabolism and confirm the pro-
tein level expression of metabolites.

Conclusion

This study suggested that ChRCC-Y did not indicate an
increase in lipid and cholesterol metabolism and that ChRCC-Y
did not have the common molecular alteration of CCRCC.
The absence of such metabolic acceleration in ChRCC-Y
might support the indolent biological behavior. Furthermore,
we revealed that macroscopic color changes might be corre-
lated with various clinicopathological features and immunohis-
tochemical and molecular changes from different perspectives.
We believe further characterization of RCC, including tumor
heterogeneity, is needed to improve the management of patients

with RCC.
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