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Abstract. – OBJECTIVE: Obesity emerged as 
a major public health problem worldwide, and 
prolonged condition with increased BMI causes 
various metabolic disorders include the devel-
opment of kidney cancer. The metabolic chang-
es alter the renal microenvironment and there-
by promoting tumor. Hence, detailed studies of 
genes that regulate these this changes are keen 
to understand. 

MATERIALS AND METHODS: Initially, we suc-
cessfully initiate kidney tumor using prolonged 
intake of a high-fat diet in Wistar rats, which are 
confirmed with pathological changes observed 
through histological sectioning. The expression 
of Twist2 and CD24 was assessed using Immu-
nohistology and Western Blotting in a different 
time interval of kidney cancer. 

RESULTS: The rats fed with high-fat diet for 8 
months shows 1.5 times increased in body mass 
whereas rats fed with high-fat diet for 16 months 
shows triple the size when compared with con-
trols. Histological sectioning confirms the devel-
opment of lesions and proteinaceous casts in 8 
months high-fat fed rats, whereas we observed 
the high proliferative mass of cells in 16 months 
high-fat fed rats. Interestingly, we also observed 
elevated expression of Twist2 in initial stages of 
kidney cancer, which are down-regulated in the 
latter stages of kidney cancer. The experiments 
with CD24 shows the gradual increase of the ex-
pression of CD24 as a tumor develops to the 
next level. 

CONCLUSIONS: The correlation between 
Twist2 and CD24 expression conclude that 
Twist2 overexpression in initial stage aug-
ments CD24 to express more in the latter stage 
of kidney cancer. Reversely, the overexpres-
sion of CD24 and down-regulation of Twist2 
in later stages of kidney cancer suggest the 
CD24 expression is dependent on Twist2 ex-
pression level. 

Key Words:
Kidney cancer, Obesity, Twist2, CD24, High-fat diet.

Introduction

Kidney cancer accounts for nearly 270,000 new 
cases and ends with the death of 115,000 cases in 
each year1. In 20-30% of cancer patients, it appears 
in the form of metastasis and is primarily treated 
with surgery2. The major reason behind the deve-
lopment of renal carcinoma is obesity, smoking, 
and hypertension3. Among them, hypertension is 
found to be increasing the risk factors in many re-
nal carcinoma cases4. Patients with obesity usual-
ly developed with hypertension and they together 
shared a common mechanism associated with re-
nal cell carcinoma5. Since the renal carcinoma is 
incurable, preventive measures are ideal for this 
disease by changing lifestyle risk factors.

Obesity is a primary risk factor for renal carci-
noma as it alters renal microenvironment by incre-
asing glomerular filtration and renal plasma flow, 
which ultimately results in renal damage and car-
cinoma6,7. Obesity and hypertension in together 
increase oxidative stress and lipid peroxidation8,9 

which thereby damage the renal cells. Treatment 
resistance is another problem associated with re-
nal carcinoma as it shows less responsive to che-
motherapy, as well as radiotherapy, and, for those 
patients, radical nephrectomy is the last choice10. 
Other than that recurrence of cancer in local or di-
stant tissue makes difficult to control due to poor 
prognosis. Therefore, understanding the molecu-
lar mechanism from primary lesions to metastasis 
is crucial for early prognosis and treatment11. 

Twist2 gene codes for a transcriptional factor 
that control cell differentiation in many cell types 
during early development of embryogenesis12. Re-
cent studies show that some signaling pathways 
like Notch, Wnt and Twist play a role in early de-
velopment also regulate the development of a va-
rious type of cancer in latter stages13,14. Twist2 is 

European Review for Medical and Pharmacological Sciences 2018; 21: 358-364

X.-F. YANG, G. MA, N.-H. FENG, D.-S. YU, Y. WU, C. LI

Department of Urology, Wuxi Second Hospital, Nanjing Medical University, Wuxi, China

Xianfa Yang and Gui Ma contributed equally to this article

Corresponding Author: Gui Ma, MD; e-mail: MAudreystras@yahoo.com

Twist2 and CD24 expression alters renal 
microenvironment in obesity associated 
kidney cancer



Role of Twist2 and CD24 in obesity associated kidney cancer

359

overexpressed in many cancer tissues and likely 
involved in tumor progression by disseminating 
the cancer cells15. CD24 is a renal progenitor mar-
ker involved in the reparative process following 
injury or disease condition16. In this article, we 
try to understand the role of Twist2 and CD24 in 
different pathological stages of obesity-associated 
renal cancer.

Materials and Methods 

Animals
For inducing the renal tumor, Female Wistar 

rats (n=24; age 3 months; 200-250 g) were chosen 
because they are very sensitive to the diet-indu-
ced renal tumor when compared with male rats. 
Of the total rats, eight (n=8) are provided with a 
regular chow diet (15% calories from fat, 60% 
from carbohydrates), and the remaining rat is fed 
with a high-fat diet (42% calories from butterfat, 
44% from corn starch) ad libitum. One group of 
control (n=4) and high-feed rat (n=8) are sacrifi-
ced at the end of 8 months by decapitation. For 
the remaining control and high-fat rat groups the 
feed was continued until 16 months, and later they 
were sacrificed. All the experimental animals are 
obtained from the animal house maintained in the 
Institution and approved by the Ethical Commit-
tee of the host institution. 

Histopathological Changes
The rats were dissected to remove both left 

and right kidney. The renal samples from control 
and high-fat diet rats in different time point were 
subjected to histology and stained with H&E. Ini-
tially, the kidney samples were excised and fixed 
in 10% formalin solution. After gradual dehydra-
tion with ethanol, the sections are treated with xy-
lene that acts as a clearing agent. Following that 
the tissue is embedded in paraffin wax and dis-
sected using microtome (6µm size). The sections 
are processed and finally stained with hema-
toxylin and eosin.

Immunohistochemistry 
The paraffin-embedded kidney samples were 

subjected to thin sectioning using microtome and 
latter deparaffinized by heating in slide warming 
table and by sudden transfer to xylene solution. 
The slides are then dipped in an alcohol solu-
tion and were rehydrated. The sections are then 
treated with 5% H2O2 in methanol to block the 
activity of endogenous peroxidase activity. To 

unmask the antigen, the sections are treated with 
0.1% trypsin solution in 0.1% CaCl2 for 5 minu-
tes at room temperature. Following washing with 
1X PBS, the sections are incubated with primary 
antibody Twist2 or CD24 at 4º C for 6 hours. The 
antibody that binds non-specifically to the section 
is washed away with 1X PBS and incubated with 
a secondary antibody that is specific to FC region 
of a primary antibody. Following the immunohi-
stological protocol, the antigen-antibody complex 
is visualized using color reaction using diamino-
benzidine (DAB) as a chromogen.

Western Blotting
The expression of specific protein Twist2 or 

CD24 were detected using western blotting. The 
kidney samples dissected from control and diet-in-
duced rats were homogenized in 2X protein sam-
ple buffer, and protein samples were prepared. 
The protein samples from different kidney tissues 
are loaded in a sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) to 
separate the proteins based on the mass/charge 
ratio. The separated proteins are transferred to a 
membrane and incubated with primary antibody 
for Twist2 or CD24. The detection of the primary 
antibody was carried out using HRP-conjugated 
secondary antibody.

Results

Developing Diet-Induced Kidney Cancer
To develop an effective diet-induced kidney 

cancer, we fed the rats with high-fat diet as descri-
bed in materials and method section. One group 
of rats were fed for 8 months, and another group 
of rats the diet was continued for another 8 mon-
ths. The controls are fed with regular chow diet as 
mentioned already. We observed when compared 
with the control rats (350 ± 50 g) the weight of 
8 months high-fat diet fed rats showed 1.5 times 
more weight (530 ± 30 g). But the weight of rats 
fed with 16 months of high-fat diet fed shows si-
gnificant weight gain (1300 ± 45 g) which is triple 
the size when compared with control mice, which 
are fed with a normal diet for 16 months (400 ± 20 
g). The result shows obesity burden which has the 
ability to change the normal physiology of the rats 
and possibly may develop with renal carcinoma17. 

Changes in Renal Microenvironment
The rat kidney which shows excessive tumor 

growth are dissected and subjected to histological 
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analysis. The histological sections of control rat 
kidney show well organized cellular structures 
with a uniform gap between the two cells and also 
it was observed without any lesions (Figure 1A). 
In contrast, the rat that is fed with high-fat diet for 
8 months develops renal lesions along with protei-
naceous casts and thickened extracellular layers 
(Figure 1B). A rat that is fed with high-fat diet for 
another 8 months shows more proliferative cells 
with high lesions (Figure 1D). But we observed 
cancerous condition only in 3 rats out of 8 rats 
when compared with their respective controls (Fi-
gure 1C).

Understanding the Expression of Twist2 
in Different Pathological Stages 
of kidney Cancer

Twist2 plays a major role in tumorigene-
sis and are involved in cell proliferation, sup-
pressing apoptosis, enhance cellular invasion 
and its migration18. To evaluate the expression 
of Twist2 in different critical stages of kidney 
cancer the kidney samples isolated from con-
trol, rats fed with high-fat diet for 8 and 16 
months are subjected to immunohistological 
analysis. The control kidney tissue shows limi-
ted expression in dispersed cells (Figure 2A), 

Figure 1. Histological of diet-induced kidney cancer. A, Control kidney tissue without any lesions. B, Early kidney cancer 
showed lesions with proteinaceous casts and thickened basal membrane. C, Prolonged intake of high-fat diet results with more 
proliferative cells. Scale = 50 µm size.
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but subsequently, their expression significantly 
overexpressed in rats fed with high-fat diet for 
8 months (Figure 2B). However, in rats fed with 
high-fat diet for 16 months shows a reduction in 
their expression level (Figure 2D) when valida-
ting with their control tissue (Figure 2C).

The link Between CD24 Expression and 
Tumor Progression

CD24 is a GPI-linked membrane glycoprotein 
that is associated with tumor progression in many 

types of cancer19, and it is also involved in promo-
ting metastasis20. The expression of CD24 in nor-
mal kidney tissue reflects the minimal expression 
as shown in Figure 3A. But its expression shows 
limited upregulation in a small subpopulation of 
cells in rats fed with high-fat diet for 8 months 
(Figure 3B). However, we observed the higher 
expression of CD24 as the proliferative cells in-
creased as in the case of rats fed with high-fat diet 
for 16 months (Figure 3D) when compared with 
their control (Figure 3C).

Figure 2. Immunohistochemistry analysis of Twist2 expression. A, Weak expression of Twist2 in control kidney tissue of 
8 months normal fed rat. B, Over expression of Twist2 in the early stage of kidney cancer. C, Weak expression of Twist2 in 
control kidney tissue of 16 months normal fed rat. D, Significant down regulated expression of Twist in an advanced stage of 
kidney cancer. Scale = 50 µm size.
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Discussion

Obesity results with more complication, and 
it is associated with co-morbidities like cardio-
vascular disease, diabetes mellitus, Alzheimer’s 
disease, hepatic steatosis, hypertension that leads 
to chronic kidney disease as well as results with 
renal cancer in certain cases21-23. Till the mecha-
nism behind the obesity-associated kidney cancer 
remains unclear and detecting them in earlier may 
save many lives in the future. In the present stu-
dies, we analyzed the expression of Twist2 and 

Western Blotting Analysis
The results demonstrated using immunohisto-

chemistry are validated together with Western 
blotting. The expression of two proteins, Twist2 
and CD24 shows a similar pattern of expression 
as analyzed using immunohistochemistry. The 
signal intensity of Twist2 shows overexpression 
pattern in rats fed with high-fat diet for 8 mon-
ths when compared it with 16 months (Figure 4). 
As shown in Figure 3A-D, the expression pattern 
of CD24 shows gradual overexpression as tumor 
proceeds to next level (Figure 4).

Figure 3. Immunohistochemistry analysis of CD24 expression. A, Weak expression of CD24 in control kidney tissue of 8 
months normal fed rat. B, Moderate expression of CD24in early stage of kidney cancer. C, Weak expression of CD24 in control 
kidney tissue of 16 months normal fed rat. D, Over expression of CD24 in an advanced stage of kidney cancer. Scale = 50 µm size.
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CD24 expression in different pathological stages 
of high-fat diet induced kidney cancer rat model. 

The renal micro environmental changes that in-
duce renal cancer is an interesting topic to investi-
gate, and it helps to understand the basics behind 
obesity-associated kidney cancer. Our results 
define as the duration of high-fat diet continuous 
the developed lesions responded well and resulted 
in more proliferative cells (Figure 1A-D). In our 
studies, few rats only acquired renal cancer and 
the reasons why not all rats develop renal cancer 
may be due to individual response and epigenetic 
variability. 

Our investigation with Twist2 shows that its 
expression is elevated in initial stages of kidney 
cancer, but it remarkably shows decreased expres-
sion in later stages of kidney cancer as in the case 
of rats fed with high-fat diet for 16 months (Fi-
gure 2A-D). The results obtained correlate with 
the recent findings that its expression is upregula-
ted in early initial stages of acute kidney injury24. 
The precise mechanism of Twist2 overexpression 
in early stages of kidney cancer is are needed to 
understand which may aid in using it as an early 
marker to detect kidney cancer.

Recent studies highlight the importance of 
CD24 expression and their link with cancer stem 

cells25,26. There are also reports available that 
Twist2 expression regulates CD24 in liver can-
cer27. Our results also support this data that Twist2 
overexpression in early kidney cancer may be due 
to the induction of CD24 expression level, whi-
ch is low at this time (Figure 3B) and after CD24 
overexpression in later stages of cancer (Figure 
3D) the expression of Twist2 comes down.

Conclusions

We observed more proliferative renal cells as 
high-fat diet is continuing for a prolonged time. 
The expression of Twist2 shows varied expres-
sion pattern as it is more elevated in initial kidney 
cancer than in advanced stages which may drive 
CD24 expression.
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