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VHL inactivation is a hallmark of clear cell renal cell carcinoma (ccRCC) development, 

resulting in constitutive upregulation of hypoxia-inducible factor (HIF)-mediated expression 

of vascular endothelial growth factor (VEGF) and other oncogenic factors [1]. An 

investigation within The Cancer Genome Atlas (TCGA) found evidence of racial differences 

in ccRCC tumor biology, with lower levels of VHL mutation and HIF expression in tumors 

from African American versus white patients (n = 19 and 419, respectively) [2]. We 

investigated this question by conducting an analysis of VHL mutation and HIF-1α and 

HIF-2α expression in ccRCC tissue from a larger case series of African American and white 

patients.

We tested formalin-fixed paraffin-embedded tumor tissue collected from ccRCC patients 

enrolled in a case-control study conducted in Chicago and Detroit investigating RCC risk 

factors in African American and white adults [3]. Following manual microdissection of 

tissue sections, areas containing at least 70% tumor cells were used for DNA extraction 

by standard phenol chloroform methods. VHL sequencing was performed using the Ion 

Torrent platform for tumor DNA from 167 patients (69 black and 98 white), while 

immunohistochemical staining for HIF-1α and HIF-2α was performed using standard 

avidin-biotin peroxidase methods for slides from 326 patients (87 black and 239 white). 

A nuclear staining algorithm (Aperio Technologies, Vista, CA, USA) was used to 

develop quantitative scoring models to compute the percentage of positive tumor cells 
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for each marker and the staining intensity. We computed odds ratios and corresponding 

95% confidence intervals comparing the frequencies of VHL mutation and HIF protein 

expression (categorized by tertiles) between African American and white patients, using 

unconditional logistic regression models.

We found the tumors of African American patients to have a significantly lower frequency 

of VHL mutation (32% vs 49%; p = 0.03; Table 1) and lower HIF-2α expression (16% vs 

41% in the third tertile; ptrend < 0.0001) than those of white patients. These racial differences 

persisted after adjustment for patient and tumor characteristics (p = 0.04 and <0.0001, 

respectively). We did not observe notable differences in HIF-1α expression between racial 

groups.

Within this case series, which includes a substantially larger number of African American 

patients than investigated in TCGA [2], we have confirmed that VHL mutation and high 

HIF-2α expression are less frequent in ccRCC tumors of African American versus white 

patients. Further, we have demonstrated that these racial differences persist after adjustment 

for several patient and tumor characteristics, including chronic kidney disease (CKD). Our 

findings thus argue against differences in CKD-related RCC as an explanation for these 

results, as speculated in the earlier report [2]. More research is needed to better understand 

the factors underlying these differences.

It is unclear to what extent our findings, involving predominantly localized disease, are 

generalizable to patients with metastatic RCC. If so, it is plausible to suspect that African 

American patients may be less responsive to therapies targeting the VHL/HIF downstream 

genes, such as VEGF. Since African American patients had poorer RCC prognosis in the 

pretargeted therapy era [4], whether such racial differences in the current targeted treatment 

era exist is an important question for further investigation.

Acknowledgments

Funding support: This project has been funded in whole or in part by federal funds from the National Cancer 
Institute, National Institutes of Health, under contract no. HHSN261200800001E. The content of this publication 
does not necessarily reflect the views or policies of the Department of Health and Human Services, nor does 
mention of trade names, commercial products, or organizations imply endorsement by the US Government.

References

[1]. Linehan WM. Genetic basis of kidney cancer: role of genomics for the development of disease
based therapeutics. Genome Res 2012;22:2089–100. [PubMed: 23038766] 

[2]. Krishnan B, Rose TL, Kardos J, Milowsky MI, Kim WY. Intrinsic genomic differences between 
African American and white patients with clear cell renal cell carcinoma. JAMA Oncol 
2016;2:664–7. [PubMed: 27010573] 

[3]. Colt JS, Schwartz K, Graubard BI, et al. Hypertension and risk of renal cell carcinoma among 
white and black Americans. Epidemiology 2011;22:797–804. [PubMed: 21881515] 

[4]. Tripathi RT, Heilbrun LK, Jain V, Vaishampayan UN. Racial disparity in outcomes of a clinical 
trial population with metastatic renal cell carcinoma. Urology 2006;68:296–301. [PubMed: 
16904440] 

Callahan et al. Page 2

Eur Urol. Author manuscript; available in PMC 2021 October 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Callahan et al. Page 3

Ta
b

le
 1

 –

D
if

fe
re

nt
 p

at
te

rn
s 

of
 tu

m
or

 V
H

L
 m

ut
at

io
n 

an
d 

ex
pr

es
si

on
 o

f 
hy

po
xi

a-
in

du
ci

bl
e 

fa
ct

or
 (

H
IF

)-
1 

an
d 

H
IF

-2
 b

et
w

ee
n 

w
hi

te
 a

nd
 A

fr
ic

an
 A

m
er

ic
an

 p
at

ie
nt

s 

w
ith

 c
le

ar
 c

el
l r

en
al

 c
el

l c
ar

ci
no

m
a

W
hi

te
 N

 (
%

)
A

fr
ic

an
 A

m
er

ic
an

 N
 (

%
)

U
na

dj
us

te
d

A
dj

us
te

da

O
R

95
%

 C
I

p 
va

lu
e

O
R

95
%

 C
I

p 
va

lu
e

V
H

L
 m

ut
at

io
n

 
N

o
50

 (
51

)
47

 (
68

)
1.

00
1.

00

 
Y

es
48

 (
49

)
22

 (
32

)
0.

49
0.

26
, 0

.9
3

0.
03

0.
44

0.
19

, 0
.9

8
0.

04

H
IF

-1
α

 e
xp

re
ss

io
n

 
<

27
.9

76
 (

32
)

33
 (

38
)

1.
00

1.
00

 
27

.9
–4

9.
6

82
 (

34
)

25
 (

29
)

0.
70

0.
38

, 1
.2

9
0.

25
0.

97
0.

47
, 2

.0
0

0.
98

 
>

49
.6

81
 (

34
)

29
 (

33
)

0.
83

0.
46

, 1
.4

9
0.

52
1.

01
0.

49
, 2

.0
8

0.
94

p t
re

nd
 =

 0
.5

1
p t

re
nd

 =
 .7

5

H
IF

-2
α

 e
xp

re
ss

io
n

 
<

5.
0

67
 (

28
)

42
 (

48
)

1.
00

1.
00

 
5.

0–
10

.9
75

 (
31

)
31

 (
36

)
0.

66
0.

37
, 1

.1
7

0.
50

0.
72

0.
37

, 1
.4

0
0.

33

 
>

10
.9

97
 (

41
)

14
 (

16
)

0.
23

0.
12

, 0
.4

6
0.

02
0.

21
0.

09
, 0

.4
7

0.
00

1

p t
re

nd
 <

 0
.0

00
1

p t
re

nd
 <

 0
.0

00
1

C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; O

R
 =

 o
dd

s 
ra

tio
. N

ot
e:

 b
ol

d 
te

xt
 in

di
ca

te
s 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 r
es

ul
ts

 (
p 

<
 0

.0
5)

.

a A
dj

us
te

d 
fo

r 
ag

e 
in

 y
ea

rs
, b

od
y 

m
as

s 
in

de
x,

 h
is

to
ry

 o
f 

hy
pe

rt
en

si
on

, h
is

to
ry

 o
f 

ch
ro

ni
c 

ki
dn

ey
 d

is
ea

se
, s

ex
, s

m
ok

in
g 

st
at

us
, s

ta
ge

, g
ra

de
, a

nd
 tu

m
or

 s
iz

e.

Eur Urol. Author manuscript; available in PMC 2021 October 07.


	References
	Table 1 –

