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Abstract

Chromophobe renal cell carcinoma (ChRCC) represents 5% of all RCC cases and frequently 

demonstrates multiple chromosomal losses and an indolent pattern of local growth, but can 

demonstrate aggressive features and resistance to treatment in a metastatic setting. Cell line 

models are an important tool for the investigation of tumor biology and therapeutic drug efficacy. 

Currently, there are few ChRCC-derived cell lines and none is well characterized. This study 

characterizes a novel ChRCC-derived cell line model, UOK276. A large ChRCC tumor with 

regions of sarcomatoid differentiation was used to establish a spontaneously immortal cell line, 

UOK276. UOK276 was evaluated for chromosomal, mutational and metabolic aberrations. The 

UOK276 cell line is hyper-diploid with a modal number of 49 chromosomes per cell, and evidence 

of copy-neutral loss of heterozygosity, as opposed to the classic pattern of ChRCC chromosomal 

losses. UOK276 demonstrated a TP53 missense mutation, expressed mutant TP53 protein, and 

responded to treatment with a small molecule therapeutic agent, NSC319726, designed to 

reactivate mutated TP53. Xenograft tumors grew in nude mice and provide an in vivo animal 

model for the investigation of potential therapeutic regimes. The xenograft pathology and genetic 

analysis suggested UOK276 was derived from the sarcomatoid region of the original tumor. In 

summary, UOK276 represents a novel in vitro and in vivo cell line model for aggressive, 

sarcomatoid-differentiated, TP53 mutant ChRCC. This pre-clinical model system could be used to 

investigate the novel biology of aggressive, sarcomatoid ChRCC and evaluate new therapeutic 

regimes.
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INTRODUCTION

It is now widely accepted that renal cell carcinoma (RCC) is not a single entity, but consists 

of a heterogeneous group of cancers that all arise from within the kidney and can be 

subtyped by histopathological features.1,2 While clear cell and papillary renal cell carcinoma 

represent the most common subtypes of renal cell carcinoma (~75% and ~15% of cases 

respectively), chromophobe renal cell carcinoma (ChRCC) represents a rarer tumor subtype 

accounting for ~5% of kidney tumors resulting in 3,000 new cases per year in the United 

States.3–5

ChRCC can present as a component of a cancer predisposition syndrome and is associated 

with germline mutation of FLCN in Birt-Hogg-Dubé (BHD) syndrome and with germline 

mutation of PTEN in Cowden syndrome.6–9 Sporadic ChRCC is associated with mutation of 

the TP53 and PTEN genes and typically demonstrates a well established karyotype of 

multiple chromosomal losses with loss of one complete copy of chromosomes 1, 2, 6, 10, 

13, and 17.10,11 Although ChRCC typically exhibits an indolent pattern of local growth, 

with greater than 90% ten-year cancer-specific survival, aggressive features and metastasis 

can occur and demonstrate resistance to treatment in a metastatic setting.12,13 Some 

ChRCC’s demonstrate regions of sarcomatoid differentiation (~2%) which is associated with 

more aggressive disease and poorer patient outcome.13,14

Due to its relative rarity, ChRCC is less well studied than other RCC subtypes. Cell line 

models are an important tool for both the investigation of tumor biology and therapeutic 

drug efficiency. Currently, numerous cell line models exist that have been derived from 

patients with clear cell or papillary RCC; however, there are few cell lines derived from 

ChRCCs and none that is well characterized and commonly used.15,16 In the present report 

we describe the initial characterization of the genetic and metabolic profile of a novel 

ChRCC-derived cell line model.

MATERIALS AND METHODS

Patient

The patient was evaluated and managed at the Hatfield Clinical Research Center, National 

Institutes of Health (NIH). Peripheral blood and tumor samples were obtained for DNA 

extraction. This study was approved by the Institutional Review Board of the National 

Cancer Institute and the patient provided written informed consent.

Cell line production protocol

The UOK276 cell line was established from a section of tumor tissue removed at surgery 

following the protocols and techniques previously described by the Urologic Oncology 

Branch.17 The UOK276 cells were propagated for over 20 passages with a passage being 

performed every 2–3 days by splitting 1 to 2. The immortalized normal kidney cell line 

HK-2 and the normal human primary renal proximal tubule epithelial cells PSC-400 were 

purchased from the American Type Culture Collection (ATCC) and the normal human renal 

cortical epithelial cells HRCE were purchased from Lonza (Lonza Inc., NJ). All cells were 
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cultivated in DMEM medium containing 25mM D-glucose and supplemented with 10% fetal 

calf serum and 2 mM L-glutamine.

Mouse xenograft protocol

Approximately 1 × 106 UOK276 cells were suspended in a 0.2 ml mixture of 50% PBS and 

50% Matrigel® Matrix (Corning Life Sciences, MA) and subcutaneously injected into 10 

athymic nude mice to evaluate the tumorigenic potential of this cell line. All animal care 

protocols used had been approved by the Institutional Animal Care and Use Committee 

(IACUC) and were in accordance with National Cancer Institute guidelines.

RNA extraction and Real-Time PCR analysis

Total RNA was extracted from cell lines grown in 10 cm dishes using Trizol Reagent 

(Invitrogen, CA) and following the standard protocol. Cell lines were grown to a confluency 

of approximately 80–90%, washed with 5 ml of sterile PBS and lysed using 1 ml of Trizol 

Reagent. Following the standard RNA extraction protocol, the RNA was re-suspended in 50 

μl of RNase-Free water and the RNA concentration was measured using a NanoDrop 2000 

UV-Vis Spectrophotometer (Thermo Fisher Scientific Inc., MA). For each cell line, cDNA 

was synthesized from 2 μg of total mRNA using the SuperScript® VILO™ cDNA Synthesis 

Kit (Invitrogen) in a 20 μl volume. The cDNAs were diluted 10-fold with 180 μl of RNase-

Free Water and 2 μl was used in 10 μl reaction volume for RT-PCR amplification using an 

ABI ViiA7 real-time PCR system (Thermo Fisher Scientific Inc.). Expression levels were 

normalized to the control ACTB housekeeping gene (Hs99999903_m1) and calculated using 

the ViiA7 software as comparative CT (ΔΔCT) values. The non-immortalized normal kidney 

cell line HRCE was designated to represent the normal expression level with a value of 1. 

TaqMan® Gene Expression Assays (Thermo Fisher Scientific Inc.) were used to assess the 

expression levels of several genes within the electron transport chain complexes, NDUFA3 
(Hs01547166_m1), NDUFA6 (Hs00899690_m1), UQCRB (Hs00559884_m1), COX5A 
(Hs00362067_m1), COX6C (Hs00269977_m1), ATP5B (Hs00969569_m1), and the MYC 
gene (Hs00153408_m1).

Metabolic flux analysis protocol

An XF96 Extracellular Flux Analyzer (Seahorse Bioscience, MA) was used to evaluate the 

basal level of cellular respiration in the UOK276 cells in comparison to an immortalized 

normal kidney cell line HK-2 and two non-immortalized normal kidney epithelial cell lines 

(HRCE and PSC-400). All cell lines were cultured in custom XF96 microplates and the cells 

were seeded at a starting concentration of 10,000 cells/well 24 h before being measured. 

Immediately before measurements were taken, fresh medium was added and the basal levels 

of O2 consumption were measured for 90 min. All cell lines were measured in a single 

experiment with 6 replicates for each cell line.

Spectral karyotyping (SKY) and MYC gene locus analysis

SKY was performed on 25 UOK276 metaphase spreads and were scored for chromosomal 

copy number and for structural aberrations as previously described.18 Spectrum-based 

classification and analysis of the fluorescent images was performed by using SkyView 

Yang et al. Page 3

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



software (Applied Spectral Imaging [ASI], CA). The chromosome complements of every 

metaphase spread were analyzed and the karyotypes were described according to human 

chromosome nomenclature standards described in ISCN 2009.19 Structural aberrations and 

numerical chromosomal gains were considered clonal if two or more cells contained the 

same change, while numerical chromosomal losses were considered clonal if three or more 

cells demonstrated the same loss.18,19 Fluorescence in situ hybridization (FISH) was 

performed on the MYC gene locus using the Vysis LSI MYC dual color break apart 

rearrangement probe set (Abbott Laboratories, IL) according to manufacturer’s instructions. 

This evaluated the copy number for this locus and assessed whether chromosome 

translocation had separated the MYC promoter from the MYC gene.

DNA Sanger sequencing

DNA was extracted from cell pellets using a Promega Maxwell 16 Cell DNA Purification 

Kit or from FFPE unstained slides from chromophobe and sarcomatoid tumor areas using a 

Maxwell 16 FFPE Tissue LEV DNA Purification Kit (Promega, WI, USA). The UOK276 

cell line DNA was assessed using the OncoVar assay in collaboration with the Genetics 

Branch at NCI. The OncoVar v3 assay tests a sample by hybrid capture sequencing analysis 

for genomic variants within a panel of 240 cancer-related genes, including the known kidney 

cancer pathogenicity genes.20,21 Mutations in TP53, TRAF7, SMARCA4, and SMO were 

validated by PCR using a Qiagen Taq PCR Core Kit (Qiagen, MD) according to the 

manufacturer’s specifications, followed by bidirectional sequencing using the BigDye 

Terminator v.1.1 Cycle Sequencing Kit (Applied Biosystems, CA,) according to the 

manufacturer’s specifications. Sequence reactions were cleaned with Performa DTR Plates 

(Edge Bio, MD) and capillary electrophoresis was performed on an ABI 3730/ABI 3130xl 

Genetic Analyzer automated sequencing machine (Applied Biosystems). Forward and 

reverse sequences were evaluated using Sequencher 5.4.6 (Genecodes, MI). Primers used 

were TP53-For: CAGTTGCTTTATCTGTTCACTTG, TP53-Rev: 

CACTGACAACCACCCTTAAC, TRAF7-For: CTGGGCTCCATCTCTCAAG, TRAF7-

Rev: TCTGCAGGCAACACCAGATC, SMARCA4-For: CGCAGAGTGGGAGATTCTC, 

SMARCA4-Rev: ACCTGGAACCGTCAGCATG, SMO-For: 

GTTCCAAAGTTTGCGAAGTTG, SMO-Rev: AGCCCAGGCACACGTTGTAG.

Mitochondrial (mt)DNA sequencing

The entire mitochondrial genome was sequenced and analyzed as previously described.22 In 

brief, the entire mitochondrial genome was amplified from whole genomic DNA as 

overlapping PCR fragments using KAPA2G Fast Readymix (KAPA Biosystems, MA) and 

sequenced with BigDye Terminator v.1.1 Cycle Sequencing Kit (Applied Biosystems). 

Sequence reactions were cleaned with Performa DTR Plates (Edge Bio) and capillary 

electrophoresis was performed on an ABI 3730/ABI 3130xl Genetic Analyzer automated 

sequencing machine (Applied Biosystems). Sequences were aligned to the human 

mitochondrial reference sequence (NC_012920) using Sequencher 5.4.6 (Genecodes, MI).

Western blotting

Sub-confluent cells were trypsinized and washed once in PBS. Total proteins were extracted 

by solubilizing the cell pellets in urea buffer (8 M urea, 0.1 M NaH2PO4, 10 mM Tris pH 8, 
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0.1% mercaptoethanol). Protein concentration was quantified by the Bio-Rad protein assay 

(Bio-Rad Laboratories, CA). Proteins (30 μg) were separated by electrophoresis on 

NuPage™ 4% to 20% Bis-Tris gels (Life Technologies Corporation, CA) and transferred 

onto Immobilon-P membranes (Millipore, MA) according to the manufacturers’ directions. 

Western blot analyses of proteins were carried out by using anti-Ku80 (C48E7) (Cell 

Signaling Technology Inc., MA) and anti-p53 clone DO-7 (Dako North America, CA) 

antibodies. The primary antibodies were detected using fluorescently labeled anti-mouse and 

anti-rabbit secondary antibodies at a dilution of 1:10,000 and obtained from Li-Cor and were 

visualized by scanning the blots on a Li-Cor Odyssey® (LiCOR, NE).

Drug treatment and growth assay protocol

The cells were seeded onto 96 well plates and treated with the NSC319726 at 0 and 10 nM 

in triplicate. Cell proliferation was measured by MTT assay (Sigma-Aldrich, MO) every 24 

h for 5 days. The MTT assay was conducted according the manufacturer’s instructions.

FACS protocol

Cells were incubated with 10 μM BrdU for 2 h prior to harvest. Cells were then trypsinized 

and fixed overnight at 4°C in 70% ethanol in calcium- and magnesium-free phosphate 

buffered saline (PBS). Ethanol solution was removed and cells were incubated in 3 ml of 

0.08% pepsin in 0.1 N HCl at 37°C for 20 min. Pepsin was removed and nuclei were 

incubated in 1.5 ml of 2 N HCl at 37°C for 20 min. The nuclei containing acid solution was 

neutralized with 3 ml of 0.1 M sodium borate. Nuclei were spun out of neutralized acid and 

washed with 2 ml IFA buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 4% FBS and 0.1% 

sodium azide with 0.5% Tween-20 added on the day of use) and then incubated overnight at 

4°C with anti-BrdU clone MoBU-1 conjugated to AlexaFluor488 (Invitrogen B35130) in 

IFA buffer. DNA was stained for 30 min with IFA buffer with of 50 μg/ml propidium iodide 

(PI) (Sigma-Aldrich P4864) and 5 μg/ml RNase A (Sigma R4642). Cell cycle analysis 

(bivariate plots of BrdU incorporation and DNA content) was performed on a FACSCanto II 

(Becton Dickinson, NJ). Data were collected and analyzed using FlowJo software (FlowJo, 

OR).

Invasion assay

Invasion assays were performed using the RT-CIM™ system (Acea Biosciences, CA) as 

previously described.23 In brief, UOK276 cells were cultured overnight in serum-free media, 

plated in triplicate at a density of 40,000 cells per well and treated with either 1nM 

NSC319726, 10nM NSC319726 or DMSO at the beginning of the experiment. Invasion 

assays were performed at 37°C and 5% CO2 and data was recorded in real time for a 

minimum of 90 h.

RESULTS

Derivation of the UOK276 cell line from a sporadic chromophobe RCC

A 45-year-old male patient presented with a history of a large left renal lesion that had been 

incidentally identified due to an evaluation for an umbilical hernia. Contrast MRI imaging 

identified a 16 cm solid mass arising from the midportion of the left kidney (Figure 1A, 1B). 
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In addition, a 2.4 cm by 1.4 cm hypoenhancing left para-aortic mass was observed, 

potentially indicating metastatic disease, and multiple T2 hyperintensities were identified 

within the right kidney, the larger of which were compatible with simple cysts (Figure 1A). 

A radical nephrectomy with lymph node dissection was performed. The 20 cm by 15.5 cm 

by 12 cm renal tumor was found to have replaced the majority of the normal kidney and the 

histopathologic evaluation identified it as a chromophobe (Ch)RCC (Figure 1C) with regions 

of sarcomatoid differentiation (Figure 1D). Metastatic renal cell carcinoma was found in 2 

out of 40 periaortic lymph nodes and in 1 out of ten hilar lymph nodes. Procured tissue from 

the primary renal tumor was used to derive a new, spontaneously immortal cell line, 

UOK276, which was passaged over 20 times and successfully cryogenically frozen and 

subsequently revived.

Approximately 5 million UOK276 cells were injected into the flank of 10 athymic nude 

mice. This produced measurable xenograft tumors in all injected mice. The xenograft tumors 

grew relatively rapidly with 1cm diameter tumors being observed approximately 50 days 

after injection (Figure 1E). Notably, the xenograft tumors did not demonstrate the classic 

chromophobe histology, but resembled the higher grade, sarcomatoid regions of the original 

tumor (Figure 1E).

Metabolic analysis of the UOK276 cell line

The recent TCGA study of ChRCC demonstrated increased expression of several electron 

transport chain (ETC) genes in chromophobe tumors compared to the surrounding normal 

kidney tissue, suggesting increased usage of oxidative phosphorylation within these 

tumors.24 Messenger RNA expression analysis was performed on 6 genes (NDUFA3, 

NDUFA6, UQCRB, COX5A, COX6C and ATP5B) representing electron transport chain 

complexes I, III, IV and V that had been previously shown to be up-regulated in ChRCC. 

UOK276 demonstrated either normal or reduced levels of mRNA expression in these 

selected ETC-related genes in comparison to a non-immortalized normal kidney cell line, 

HRCE (Figure 2A). For several genes UOK276 demonstrated the same level of down-

regulation observed within a clear cell RCC derived cell line UOK139, which reflects the 

decreased usage of oxidative phosphorylation reported in sporadic clear cell RCC (Figure 

2B).25 This was supported by an assessment of live cells using a Seahorse flux analyzer that 

demonstrated a relatively low level of oxygen consumption (OCR) in UOK276 in 

comparison to an immortalized normal kidney cell line, HK-2, and two non-immortalized 

normal kidney epithelial cell lines, HRCE and PSC-400 (Figure 2B).

Chromosomal copy number analysis of the UOK276 cell line

Most ChRCCs demonstrate a classic pattern of chromosomal losses that includes single 

losses of chromosomes 1, 2, 6, 10, 13 and 17. In the UOK276 cell line, the SKY analysis 

demonstrated that the majority of cells were hyper-diploid with a modal number of 49 

chromosomes per cell and a chromosome number range of 43–99. SKY analysis revealed 

clonal losses of chromosomes 1, 3, 4, 11, 13, 14, and 19 and clonal gains of the X and Y 

chromomes and chromosomes 6, 8, and 20. In addition, SKY analysis identified two 

balanced translocations between chromosomes 8 and X, t(X;8)(q26;q24), and 

chromosomes18 and 22, t(18;22)(p11.2;q11.2) (Figure 3A). The break on 8q occurred near 
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the MYC gene locus, but break-apart FISH analysis demonstrated no alterations to MYC 
and no significant increase in MYC mRNA expression was demonstrated, although 

amplification of this derivative chromosome was observed (Supporting Information Figure 

1).

This variation from the classic pattern of chromosomal losses in ChRCC may be due to the 

cell line being derived from the portion of the tumor that had undergone sarcomatoid 

differentiation. It was noticeable that the chromosomal pattern contained two copies of the 

reciprocal translocations involving chromosomes 18 and 22, but no normal copies of 

chromosomes 18 or 22 (Figure 3A). Additionally, cells demonstrated two Y chromosomes 

and two copies of the reciprocal translocations involving chromosomes 8 and X, although a 

normal copy of chromosome 8 was also present (Figure 3A). This observation suggests that 

a chromosome doubling event may have occurred within the UOK276 cell line resulting in 

multiple copies of only one of the chromosomes present within the original cells. Supporting 

this hypothesis was the observation that upon performing STR analysis on the UOK276 cell 

line 14 out of the 15 highly variable markers evaluated were homozygous with only the 

marker on chromosome 8 demonstrating heterozygosity in line with the presence of both 

derivative and wild-type chromosome 8s (Figure 3B and Supporting Information Figure 2). 

In contrast, the STR analysis of the patient’s blood DNA demonstrated informative variation 

in 11 out of 15 markers on chromosomes 4, 5, 8, 11, 12, 15, 16, 18, and 21 that all showed 

loss of heterozygosity in UOK276 except the marker on chromosome 8 (Figure 3B).

Mutational analysis of the UOK276 cell line

DNA from the UOK276 cell line was evaluated using the OncoVar v3 assay, an oncogene 

panel sequencing analysis that tests a sample by hybrid capture sequencing for genomic 

variants in 240 cancer-related genes, including the known kidney cancer pathogenicity 

genes. In addition, DNA was extracted from both the classic-chromophobe and sarcomatoid 

regions of the original tumor and from the blood of the patient in order to provide the 

germline mutational status using Sanger sequencing. A heterozygous missense mutation 

(p.H193Y) of the TP53 gene, the most commonly mutated gene in sporadic ChRCC,24 was 

present in the sarcomatoid tumor region and was homozygously mutated in UOK276 (Figure 

4A). This mutation was not detected in the classic-chromophobe tumor region or in the 

germline blood DNA (Figure 4A). A deletion/insertion event that resulted in an in-frame loss 

of 4 amino acids (del T22-P25) was identified in the TRAF7 gene that was homozygously 

mutated in UOK276 and in the sarcomatoid tumor region and heterozygously mutated in the 

classic-chromophobe tumor region and in the germline blood DNA (Figure 4B). A small 

number of mutations within the TRAF7 gene have been previously identified within 

sporadic cases of clear cell, papillary and chromophobe renal cell carcinomas (Figure 4B). 

Two further mutations were identified: a missense mutation of SMARCA4 (p.T910M) and 

an in-frame insertion of a leucine residue in SMO (p.G16GL), and both were present 

homozygously in UOK276 and not detected in the germline blood. In combination with the 

copy number and STR analysis results, this is likely to represent copy-neutral loss of 

heterozygosity.
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The TCGA study of ChRCC identified several non-synonymous mutations in the electron 

transport genes encoded within the mitochondrial genome that associated with eosinophilic 

ChRCC. Evaluation of both the primary tumor and the UOK276 cell line demonstrated no 

novel or pathogenic alterations to the mitochondrial genome and identified the patient as 

having the H40a haplogroup consistent with a European ancestry.

Functional and therapeutic investigation of the TP53 mutation

Somatic gain of the p.H193Y TP53 missense mutation has been previously associated with 

multiple different cancer types and is considered a pathogenic recurrent hotspot mutation.26 

Protein expression analysis demonstrated the presence of the mutant TP53 protein in the 

UOK276 cell line with signal for the wild-type protein in the HK-2 normal kidney cell line 

(Figure 5A). A small molecule therapeutic agent, NSC319726, originally designed to 

reactivate mutated TP53 with the nearby p.R175H/L missense mutations, has been shown to 

be effective in reactivating other missense mutations.27,28 A single dose of 10 nM 

NSC319726 resulted in an approximately 70% reduction in the growth of UOK276 over 5 

days although a lesser effect was also observed in the HK-2 normal kidney cell line (Figure 

5B). Additionally, real-time cell invasion analysis performed over a 90-hour period 

demonstrated a dose dependent suppression of invasion in UOK276 cells in response to a 

single starting dose of either 1 nM or 10 nM NSC319726 (Figure 5C). Importantly, 

reactivation of TP53 should result in disruption of the cell cycle and FACS analysis 

comparing increasing doses of NSC319726 demonstrated a significantly greater and dose-

dependent inhibition of the cell cycle in UOK276 cells in comparison to the HK-2 cells 

(Figure 5D).

DISCUSSION

Chromophobe renal cell carcinoma represents a rare and understudied subtype of RCC. The 

establishment of cell line models for any given cancer can be extremely useful and allow for 

numerous biological and therapeutic investigations that would be very challenging to 

perform with less relevant models. This study describes a novel cell line model, UOK276, 

derived from an aggressive chromophobe renal cell carcinoma with regions of sarcomatoid 

differentiation. UOK276 grows rapidly in tissue culture as an in vitro model and produces 

xenograft tumors in nude mice as an in vivo model. Both these models could be used to 

investigate the biology of aggressive ChRCC with sarcomatoid differentiation and evaluate 

new therapeutic approaches.

A small number of ChRCC cell line models have been previously published but none has 

been widely utilized or extensively characterized.15,16 In Gerharz et al.15, two cell lines were 

derived from the same chromophobe RCC tumor and both demonstrated the classic pattern 

of chromosomal loss and neither was assessed for somatic mutations. In Valente et al.16, two 

cell lines were derived from two different chromophobe RCC tumors to demonstrate a novel 

method of cell line production, but genetic analysis was not performed on those cell lines.

It is important that cell line models accurately represent the histologic tumor type being 

studied. ChRCCs represents ~5% of all cases of RCC3–5 and typically present with an 

indolent pattern of local growth that is most often amenable to surgical resection.12,13 A 
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review of published literature by Amin et al.29 reported the 5-year and 10-year survival rates 

for ChRCC ranging from 78% to 100% and 80% to 90% respectively. However, ChRCC 

tumors have been shown to demonstrate sarcomatoid differentiation at a relatively high 

frequency. Most studies identified sarcomatoid differentiation in 8–9% of ChRCCs, 

including 5 of 53 (9.4%) tumors in de Peralta-Venturina et al.30, 9 of 103 (8.7%) tumors in 

Cheville et al.31, and 12 of 145 (8.3%) tumors in Amin et al.29, while Przybycin et al.13 only 

observed sarcomatoid differentiation in 4 of 203 tumors (2.0%). The sarcomatoid 

differentiation in these more aggressive ChRCCs has been shown to associate with higher 

rates of metastasis and significantly poorer patient prognosis.29,31 Therefore, a model for 

those aggressive ChRCC tumors would provide a useful platform for testing novel 

therapeutic agents. UOK276 represents an example of these more aggressive tumors as it 

was created from material provided by a patient that presented with a large tumor with 

sarcomatoid differentiation, an early age of onset, and metastatic disease. Importantly, the 

UOK276 cell line appears to be derived from the sarcomatoid region of the original tumor 

with both the pattern of mutations and histopathological presentation within the xenograft 

tumors being consistent with this origin. The UOK276 cell line does not show the classic 

pattern of chromosomal losses commonly observed within the majority of ChRCCs10,11, but 

previously published analyses of ChRCC with sarcomatoid differentiation have also 

demonstrated this absence of the classic chromosomal loss pattern within sarcomatoid 

regions.14,32,33 In Brunelli et al.32, the sarcomatoid transformed regions showed either a 

normal copy number or an increased copy number for the classically lost chromosomes 1, 2, 

6, 10, and 17. In addition, the TCGA study of chromophobe RCC identified three ChRCCs 

with evidence of sarcomatoid features and two of those tumors demonstrated no 

chromosomal losses.24 The chromosomal copy number pattern shown by UOK276 is 

completely consistent with these previous observations in patient primary tumors. In 

addition, UOK276 demonstrates evidence for copy-neutral loss of heterozygosity. 

Specifically, the STR analysis demonstrated a significant loss of variation in informative 

markers in the tumor compared to the normal blood with no loss of chromosomal number, 

the mutations identified in UOK276 were all homozygous, and duplicate copies of specific 

derivative chromosomes were present with no evidence of the wild-type chromosomes. A 

potential mechanism for this could involve the initial loss of a large number of 

chromosomes, an event common to ChRCCs, which led to a critically low chromosomal 

number that resulted in an internal chromosomal duplication and copy-neutral loss of 

heterozygosity. The metabolic analysis of UOK276 did not demonstrate the expected up-

regulation of the oxidative phosphorylation-related genes or associated increase in oxygen 

consumption 24. This altered metabolism could be associated with sarcomatoid 

differentiation and represent a more aggressive phenotype, but this requires further 

investigation and the analysis of other sarcomatoid ChRCC samples. Thus, UOK276 

potentially provides a useful model of sarcomatoid differentiation in an aggressive 

chromophobe RCC.

Mutation of the TP53 gene is a relatively common event in chromophobe RCC with 32% of 

the ChRCCs analyzed by the Cancer Genome Atlas (TCGA) demonstrating somatic 

mutation of TP53.24 In addition, it has been proposed that the gains of somatic TP53 
mutations are associated with sarcomatoid transformation/differentiation in kidney cancer, 

Yang et al. Page 9

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



although in ChRCC somatic mutation of TP53 is far more common than sarcomatoid 

differentiation.34,35 The UOK276 cell line demonstrates a known pathogenic recurrent 

hotspot mutation, p.H193Y, which was only present in the sarcomatoid region of the original 

tumor.26 This provides a model of TP53 mutant, sarcomatoid ChRCC that still expresses the 

mutant TP53 protein for potential therapeutic investigation. Several small molecules have 

been designed to reactivate missense mutant TP53 protein by restoring the wild-type 

structure or function, such as NSC319726 (ZMC1).27,28 NSC319726 was initially 

demonstrated reactivate the most common TP53 missense mutant (p.R175H) and 

subsequently shown to reactivate several other TP53 missense mutations (e.g. p.C176F, 

p.C238S, p.C242S, p.G245S).27,28 In these mutations, the DNA binding function of the 

mutant protein had been altered due to incorrect zinc-binding inducing misfolding of the 

protein and this zinc-binding is subsequently corrected by NSC319726.28 The p.H193Y 

TP53 mutation had also been predicted to alter the ability of TP53 to bind to DNA and thus 

was considered to be potentially targetable.36 In this study, some interesting initial data 

suggests that the mutant TP53 protein had regained some functionality as treatment with 

NSC319726 inhibited both proliferation and invasion and resulted in significant alteration 

and inhibition of the cell cycle. Further investigation of the effects of the NSC319726 small 

molecule inhibitor on TP53 protein in these cells could provide a new targeted therapeutic 

option for treating tumors with this hotspot mutation.

In addition to the somatically gained TP53 mutation, the UOK276 cell line demonstrated a 

mutation of the tumor necrosis factor receptor-associated factor 7 (TRAF7) gene that was 

present heterozygously in the patient’s germline and the chromophobe-like region of the 

tumor and showed loss of heterozygosity in the sarcomatoid region and in UOK276. TRAF7 
encodes an E3 ubiquitin ligase that potentiates MEKK3 signaling and promotes apoptosis.37 

Recently, mutations in TRAF7 have been associated with non-NF2 mutant meningioma, a 

largely benign form of brain tumor.38 The complete relevance of this mutation has yet to be 

elucidated but the patient presented with a large 16 cm tumor at only 45 years of age and this 

could be suggestive of a germline genetic component to his disease.39.

In summary, the UOK276 cell line represents a novel in vitro and in vivo model for 

aggressive, sarcomatoid-differentiated, TP53 mutant chromophobe renal cell carcinoma. 

This pre-clinical model system could be useful for investigation of the novel biology of 

aggressive, sarcomatoid ChRCC as well as to evaluate new therapeutic approaches for 

patients with advanced ChRCC, such as those that target mutant TP53.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Imaging and histology for the UOK276 cell line. (A) Contrast enhanced MRI T1 coronal 

imaging demonstrated the size and extent of the tumor in the left kidney (white arrow), as 

well as a cyst on the right kidney (red arrow). (B) Axial T1 imaging demonstrated that the 

tumor had almost replaced the entirety of the left kidney (white arrow). (C) Histopathology 

assessment of an H&E slide demonstrated large polygonal cells with irregular nuclei and 

well demarcated cellular borders consistent with chromophobe renal cell carcinoma 

(ChRCC) and (D) identified sarcomatoid areas with the large spindled, pleomorphic cells 

(original magnification 40x). (E) Ten athymic nude mice were each injected in the flank 

with ~5 million UOK276 cells resulting in the growth of measurable xenograft tumors in all 

mice. The xenograft tumors grew rapidly to over 1 cm diameter tumors (>500 mm3) within 

approximately 50 days of injection. An example of H & E staining from one of the xenograft 
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tumors is shown that demonstrates a pathology consistent with the higher grade, sarcomatoid 

regions of the original chromophobe tumor.
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FIGURE 2. 
Metabolic analysis of the UOK276 cell line. (A) Most chromophobe RCCs demonstrate 

increased expression of the genes encoding the components of the electron transport chain 

(ETC), while clear cell RCCs show decreased expression. TaqMan® mRNA expression 

analysis for a select number of ETC genes representing ETC complex I (NDUFA3, 

NDUFA6), ETC complex III (UQCRB), ETC complex IV (COX5A, COX6C), and ETC 

complex V (ATP5B) was performed to compare the UOK276 cell line with cell lines 

representing both normal human kidney (HRCE and RPTEC) and clear cell RCC 

(UOK139). Contrary to expectation, the UOK276 cell line demonstrated lower expression 

levels of the ETC genes than the normal human kidney cell lines and had an expression 

pattern that was more similar to the clear cell RCC cell line. (B) The oxygen consumption 

rate (OCR) for UOK276 was evaluated using a Seahorse XF96 Extracellular Flux Analyzer 

and compared with three normal kidney control cell lines (HK-2, PSC-400 and HRCE). The 

OCR was measured for 90 min and a comparison graph at the 60-min time point 
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demonstrates a lower rate of oxygen consumption in the UOK276 cells that is consistent 

with the decreased expression of the ETC complex genes.
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FIGURE 3. 
Chromosomal analysis of the UOK276 cell line. (A) Spectral karyotyping (SKY) analysis of 

the UOK276 cell line defined the cells as hyper-diploid, with a modal number of 49 

chromosomes per cell, and identified balanced translocations between chromosomes 8 and 

X, t(X;8)(q26;q24), and chromosomes 18 and 22, t(18;22)(p11.2;q11.2). This does not 

represent the usual ChRCC hypo-diploid karyotype that is associated with single copy losses 

of chromosomes 1, 2, 6, 10, 13, and 17. Notably, all derivative chromosomes were present in 

duplicate and no wild-type, unaltered versions of chromosomes 18 or 22 were observed. 

This suggests a history of chromosome loss followed by an event resulting in chromosome 

duplication that is consistent with previous reports of the chromosomal pattern in 

sarcomatoid ChRCC. (B) Short tandem repeat (STR) analysis of the patient’s blood 

demonstrated varied, informative signals for 11 out of 15 of the highly variable repeat 

regions. The UOK276 cell line demonstrated loss of heterozygosity in 10 out of 11 

informative variable repeat regions without loss of chromosomal number. The SKY analysis 
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of UOK276 showed retention of both the wild-type and derivative chromosomes and the 

STR marker on chromosome 8 was the only one to show two signal in both the cell line and 

the patient’s blood. This loss of variation is also consistent with a history of chromosome 

loss followed chromosome duplication of the remaining single chromosome.
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FIGURE 4. 
Mutational analysis of the UOK276 cell line. (A) Mutation analysis identified a 

heterozygous missense mutation of TP53 (c.577 C>T, p.H193Y) in the sarcomatoid region 

of the tumor that was not present in the chromophobe region of the tumor nor the germline 

DNA of the patient. This mutation was homozygous in the UOK276 cell line. (B) Mutation 

analysis identified a deletion/insertion mutation of TRAF7 that removed 33 bp containing 

the end of exon 2 and the beginning of intron 2 and replaced 12 bp, resulting in the loss of 4 

amino acids and retention of the last two amino acids of the exon and the canonical splice 

site. This mutation was present heterozygously in the germline DNA of the patient and in the 

chromophobe region of the tumor, but demonstrated loss of heterozygosity in the 

sarcomatoid region of the tumor and in UOK276. Somatic mutation within this gene have 
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been reported in several different kidney cancer types and these are mapped to the functional 

domains of TRAF and, although no mutations have been observed in the RING finger and 

TRAF N-terminal domains, mutation of one of the tryptophan-aspartic acid repeat (WD) 

domains has been reported. ChRCC, chromophobe RCC; CCRCC, clear cell RCC; PRCC, 

papillary RCC; C.L., cell line.
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FIGURE 5. 
TP53 Mutation Targeted Therapy. (A) Western blot analysis demonstrated that the mutant 

TP53 protein was expressed within the UOK276 cells, but not the HK-2 cells that were 

immortalized using a recombinant retrovirus containing the human papilloma virus (HPV 

16) E6/E7 genes that promote TP53 protein degradation. (B) The effect of a single dose of 

the mutant TP53 reactivating drug 10 nM NSC319726 on cellular growth was evaluated for 

both the UOK276 and HK-2 cells and the relative number of cells between the treated and 

untreated cells was measured each day for 5 days using MTT assay. NSC319726 had a 

greater effect on the UOK276 cells than the HK-2 cells. This was repeated 3 times with 3 
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replicates in each experiment and the error bars represent standard deviation. (C) Real-time 

cell invasion assay analysis demonstrated a dose dependent suppression of invasion of 

UOK276 cells in response to a single starting dose of either 1 nM or 10 nM NSC319726 

over a 90 h time period. Each time point represents the average of 4 replicates and the error 

bars represent standard deviation. (D) Bivariate cell cycle analysis, using BrdU to measure 

DNA synthesis and FxCycle Violet to measure DNA content, demonstrated that the 

increasing levels of NSC319726 had a greater effect on the cell cycle in the UOK276 cells in 

comparison to the HK-2 cells. The lower 10 nM dose produced a rapid decline in the 

percentage of UOK276 cells in G0/G1 and the higher 100 nM dose resulted in a complete 

loss of definable cell cycle phases.
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