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INTRODUCTION

 Renal cell carcinoma (RCC) is the most common 
malignant tumor of the renal parenchyma. Over the 
past 20 years, RCC has been ranked the second most 
common urinary system tumor, with an average 
annual increase in incidence of 6.5%.1 There are many 
types of RCC, namely, renal clear cell carcinoma, renal 
papillary adenocarcinoma, renal chromophobe cell 
carcinoma and collecting duct carcinoma, accounting 
for 60%~85%, 7%~14%, 4%~10% and < 1% of cases, 
respectively.2 The enhanced permeability and retention 
(EPR) effect enhances permeability and retention and is 
characterized by rich blood vessels, a wide gap between 
vascular walls and poor structural integrity of the solid 
tumor tissue, resulting in high selective permeability 
and retention of macromolecular substances and lipid 
particles.3 Long-term high blood pressure promotes 
the formation of atherosclerosis, which may affect the 
EPR effect. In this study, the enrichment of polymer 
nanomicelles (loaded with prolonium iodide) in renal 
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ABSTRACT
Objective: To investigate the effect of hypertension on the (enhanced permeability and retention, EPR) effect induced 
by polymer nanomicelles in renal cell carcinoma in vitro.
Methods: A total of 80 patients with renal cell carcinoma treated at the Department of Urology Surgery in the Dept. of 
Urology	of	the	Affiliated	Hospital	of	Hebei	University	from	Oct.	2019	to	Oct.	2020,	were	analyzed	retrospectively.	The	
hypertension group (experimental group) included 40 patients, and the normal blood pressure group (control group) 
included	40	patients.	The	diagnosis	of	renal	clear	cell	carcinoma	was	confirmed	by	preoperative	auxiliary	examinations,	
such as ultrasonography and CT combined with postoperative pathological analysis. All patients underwent laparoscopic 
radical nephrectomy for renal cell carcinoma. Polymer nanomicelles (loaded with prolonium iodide) were perfused 
into	 the	 resected	 kidney	 specimens	within	 the	 specified	 time.	The	 iodine	 enrichment	 of	 polymer	 nanomicelles	 in	
renal tumors was assessed by CT scanning. The peak EPR effect and the time to the peak were statistically compared 
between the two groups.
Results:	No	significant	differences	were	found	in	age,	sex,	location	of	kidney	disease,	tumor	location	or	tumor	size	
between the two groups (p> 0.05). The peak ( ) of the EPR effect in experimental group was 3.60±0.95 ug/cm3 and 
3.01±0.96 ug/cm3	in	control	group,	respectively.	There	was	significant	difference	between	the	two	groups	(p< 0.05). 
The time to the peak of the EPR effect was 3.76±0.75 h in experimental group and 3.82±0.93 hour in control group, 
respectively.	No	statistically	significant	difference	was	found	in	the	time	to	the	peak	of	the	EPR	effect	between	the	
two groups (p> 0.05).
Conclusion: Hypertension has a certain effect on the EPR effect induced by polymer nanomicelles in renal cell 
carcinoma in vitro.
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tumor specimens was determined using CT iodine-
based material decomposition imaging to explore 
whether blood pressure has an effect on the EPR effect 
in renal cell carcinoma.

METHODS

 A total of 80 patients with renal carcinoma treated at 
the Department of Urology at the Affiliated Hospital 
of Hebei University from October 2019 to October 2020 
were analyzed retrospectively. The diagnosis of renal 
clear cell carcinoma was confirmed by preoperative 
auxiliary examinations, such as ultrasonography and CT 
combined with postoperative pathological analyses. All 
patients underwent laparoscopic radical nephrectomy 
for renal carcinoma, and anticoagulation treatment was 
performed on the resected kidney specimens. Micelles 
were perfused within the specified time (1 h, 2 h, 3 h, 4 
h, 5 h and 6 h), and the enrichment of micelles in renal 
carcinoma foci was determined by CT scanning.
Ethical approval: This study was approved by the 
Institutional Ethics Committee of the Affiliated Hospital 
of Hebei University (No: HDFY-LL-2019-021) on June 9, 
2019; and written informed consent was obtained from 
all participants.
Inclusion criteria:
• Patients with renal tumor diagnosed based on 

symptoms, signs and imaging examinations;
• Patients with RCC (pathological stage, T1NOM0) 

confirmed by postoperative pathology;
• Patients with confirmed hypertension and a medical 

history.
Exclusion criteria:
• Patients with other related complications, such as 

diabetic nephropathy, nephritis caused by various 
causes, nephrotic syndrome, metabolic syndrome, 
and uremia;

• Patients with renal masses originating from 
other causes, such as renal hemangiomas, renal 
hamartomas, and renal cysts;

• Patients with secondary hypertension, such as 
that resulting from adrenal gland diseases (e.g., 
pheochromocytoma);

• Patients with severe cardiopulmonary disease and 
those with intolerance to surgery.

 The data on the clinical diagnosis, treatment and 
analysis of relevant laboratory specimens were 
collected, and corresponding processing was conducted. 
Additionally, all the clinical records of the corresponding 
patients were read, and patients were divided into the 
experimental group and the control group according to 
their blood pressure level.
 Human renal tumor tissue specimens resected by 
surgery (4-7 cm in size with the renal capsule and renal 
artery and vein as intact as possible) were immediately 
preserved in a box at 4°C. The specimens were collected 
from tumor foci by needle aspiration biopsy, fixed in 
10% formalin, and sent to the Department of Pathology 
for optical pathological examination to determine the 
histological type of renal carcinoma tissue and diagnose 

the disease. For the remaining tumor tissue specimens, 
the pinhole was blocked using a medical gelatin sponge 
to ensure that the micelles did not flow out from the 
pinhole during perfusion. After inserting the arterial 
cannula into the renal artery, the artery was ligated and 
fixed. The renal vein was connected to the collection 
bag. Twenty percent heparin saline at 4°C was injected 
via the renal artery to prevent the blood from clotting 
and blocking the blood vessel. The color of the fluid 
from the renal vein was similar to that of the input fluid. 
After washing, HTK preservation solution at 4°C was 
infused and the sample was stored in a sterile bag at 4°C 
for preservation.
 Renal tumor tissue specimens preserved at 4°C were 
placed in a constant-temperature and constant-humidity 
perfusion device, and HTK preservation solution at 
37°C was cyclically perfused via the renal artery using 
a peristaltic pump. When the temperature of the fluid 
from the renal vein reached 37°C, the perfusion was 
maintained for a certain period of time to achieve a 
degree of vasodilation in the tumor tissues close to that 
which occurs in vivo. The perfusion pressure was set 
at 60 cmH2O. The urine collector was connected at the 
broken end of the ureter.
 Renal tumor tissue specimens were cyclically perfused 
with polymer nanomicelles (loaded with prolonium 
iodide). After perfusion, CT GSI mode was used to scan 
during perfusion and irrigation with normal saline until 
the iodine content in the normal tissue was close to 0. 
The data were imported into the image postprocessing 
workstation, iodine-based images were selected, and 
the region of interest of the images was measured 
(images were taken at 1 h, 2 h, 3 h, 4 h, 5 h and 6 h during 
perfusion). The iodine content in renal carcinoma tissues 
was measured, and then the enrichment of iodine in the 
renal carcinoma foci was determined. 
Observed indicators: The peak EPR effect and the 
time needed to reach the peak were determined and 
statistically compared between the experimental group 
and the control group.
Statistical methods: Data were processed using 
SPSS 19.0. The data measured were expressed as  
and analyzed by a t test. The enumeration data were 
expressed as the rate (%) and tested by the c2 test. P< 
0.05 was considered statistically significant.

RESULTS

 No significant differences were found in age, sex, 
location of kidney disease, tumor location or tumor 
size between the two groups (p> 0.05); thus, the groups 
were comparable (Table-I). EPR indexes of polymer 
nanomicelles (iodine enrichment): The peak ( ) of 
the EPR effect was 3.60±0.95 ug/cm3 in experimental 
group and 3.01±0.96 ug/cm3 in control group, 
respectively. There was significant difference between 
the two groups (p< 0.05). The time (h) to the peak of 
the EPR effect in experimental group was 3.76±0.75 
hour and 3.82±0.93 h in control group, respectively. No 
statistically significant difference was found in the time 
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to the peak of the EPR effect between the two groups 
(p> 0.05, Table-II). The change in the EPR peak ( ) over 
time is shown in Fig.1.

DISCUSSION

 The EPR effect of tumor is one of the most 
important theoretical bases for the targeted transport 
of Nano drugs.3 In recent years, the development 
of nanotechnology has changed the basis of the 
diagnosis, treatment and prevention of diseases. 
Recently developed polymer-based MA molecular 
drugs (polymer conjugates, micelles), liposome-
encapsulated anticancer drugs and novel nanodevices 
such as carbon nanotubes and quantum dots are at the 
forefront of novel anticancer nanodrug treatments. The 
EPR effect links the progression of nanotechnology 
with the progression of the knowledge of tumor and 
vascular biology, marking the beginning of a new 
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Fig.1: Change of peak with time ( ).

Table-I: Comparison of baseline data between the observation group and the control group ( ).

Clinical parameters Observation group (n = 40) Control group (n = 40) p

Age (years) 54.89±7.22 55.18±7.66 >0.05

Maximum tumor diameter (cm) 3.46± 1.10 3.62± 0.82 >0.05

Systolic pressure 160.90±13.24 124.52±6.95 <0.05

Diastolic pressure 101.76±8.26 83.86±4.55 <0.05

Gender [n (%)]

Male 28(70) 28(70) >0.05

Female 12(30) 12(30) >0.05

Tumor location [n (%)]

Left 26(65) 24(60) >0.05

Right 14(35) 16(40) >0.05

Upper pole 20(50) 18(45) >0.05

Medium pole 8(20) 10(25) >0.05

Lower pole 12(30) 12(30) >0.05

Table-II: Comparison of the EPR peak and time to the peak between the two groups ( ).

Group n Peak(ug/cm3) Time to peak (h)

Experimental group 40 3.60±0.95 3.76±0.75

Control group 40 3.01±0.96 3.82±0.93

t 2.81 0.33

p <0.05 >0.05
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era.4 A large number of studies have shown that nano 
drugs have good enrichment and ideal therapeutic 
effect in experimental animal tumor models, but 
most of the research results have not been applied 
in clinical practice, and the therapeutic effect has 
not been obvious.5 The reason may be that there are 
great differences between experimental animal tumor 
models and human solid tumors. We constructed the 
experimental animal tumor model and the human 
isolated renal cell carcinoma specimen model, and 
used the in vitro perfusion method to simulate the 
blood circulation to study the relationship between the 
experimental animal tumor model and the EPR effect 
of human solid tumor. Studies have shown that human 
renal cell carcinoma also has EPR effect.6,7 The in vitro 
tumor perfusion model we constructed effectively 
avoids the influence of immune clearance and other 
factors in blood circulation, creates conditions for 
the study of human EPR effect, and also provides 
more reliable theoretical basis for the design and 
improvement of nano drugs.
 Hypertension is a psychosomatic, chronic, and 
complex multifactorial disease that causes obvious 
changes in blood vessels. The approach in this study 
surpasses that of animal models by using polymer 
nanomicelles to investigate the EPR effect in human 
renal tissue specimens in vitro. In this experiment, 
a difference was found in the iodine enrichment 
measured in renal tumor specimens in vitro. The peak 
of the EPR effect was higher in the experimental group 
than in the control group, and the difference was 
statistically significant. Therefore, hypertension has 
a certain influence on iodine enhancement, namely, 
the EPR effect of polymer nanomicelles. The vascular 
endothelial barrier is indispensable for the regulation 
of cells, cytokine spillover into the blood and for 
the maintenance intravascular homeostasis. The 
loss of endothelial barrier integrity, endothelial cell 
proliferation disorder and enhanced inflammatory 
cell infiltration are common characteristics of 
the pathogenesis of vascular diseases.8 Vascular 
remodeling is the main determinant of changes in 
the lumen, including changes in cells of the vascular 
wall cell, the extracellular matrix structure and 
morphology.9 As a result, hyaline angiopathy and 
atherosclerosis occur, leading to a reduced inner 
diameter of blood vessels, thickened vascular wall 
and decreased vascular permeability. However, the 
metabolism of blood vessels is vigorous, and tumor 
cell proliferation is rapid. Therefore, the number of 
nanomicelles passing through the blood vessels in the 
tumor area increases over time; thus, the EPR effect is 
enhanced over time.10,11 The differences between tumor 
blood vessels and normal blood vessels are as follows:
1)  The endothelial gap is very wide in tumor vessels; 

Upcin B et al. and Davis GE et al. found that the 
endothelial surface was porous by analyzing the 
gap between endothelial cells and found that they 
are surrounded by discontinuous cells.12,13

2)  The blood vessel functions are lost in tumor cells 
and the lack of functional lymphatics in tumor tissue 
leads to the accumulation of more macromolecules 
or nanoparticles in the stroma of tumor tissue rather 
than in normal tissue.14

 The solute level of tumor tissues is high. When 
interstitial colloid osmotic pressure increases, it 
promotes low-molecular-weight components and 
macromolecules to enter the tumor tissue from the tumor 
blood vessels. Although small molecules can freely 
enter and exit the blood vessels from normal tissues and 
tumor tissues, macromolecules cannot be effectively 
transferred to the lumen side of the capillaries, which 
results in the significant accumulation and retention of 
anticancer nanodrugs in tumor tissues. Maeda H found 
that if the systolic blood pressure was increased from 
100mmHg to 150mmHg, the distribution of SMANCS 
in tumor tissue would be greatly increased. If the 
hypertension was maintained for about 15 minutes, the 
drug distribution in tumor tissue would be increased 
by 2-3 times15. We know that, in addition to VPF or 
VEGF, many other vascular mediators can further 
enhance the EPR effect, including ATII, BK, NO, 
peroxynitrite (ONOO2), matrix metalloproteinases 
(MMPs, or collagenase) and PGs.16,17 The smooth 
muscle layer of tumor blood vessels is absent, which 
makes them unable to sense neurotransmitters and 
contract. Therefore, vasoconstrictors (such as AT-II) 
can inhibit the effect of high blood pressure on tumor 
blood vessels. AT-II can promote drug delivery to other 
tumor tissues, and the hemodynamics of tumor tissues 
are different from those of normal tissues or organs.16 
Moreover, there is no dynamic balance of blood flow 
in tumor tissues. Following infusion with AT-II, tumor 
blood flow and blood pressure gradually increases 
after the administration of tumor-targeted drugs, 
which shows that AT-II-induces vascular permeability, 
increases the diameter of tumor blood vessels and 
widens the endothelial cell gap, thus promoting more 
drug leakage. In normal blood vessels, AT-II limits the 
connection between endothelial cells and other cells, 
decreases drug leakage and reduces side effects,17,18 
such as myelosuppressive and gastrointestinal side 
effects.
 The EPR effect allows for the delivery of selective 
anticancer nanodrugs due to the anatomical and 
pathophysiological defects of tumor blood vessels.19 
The use of biocompatible nanodrugs and existing 
nanotechnology to develop EPR effects and deliver 
cytotoxic anticancer drugs is a more effective and safer 
cancer treatment method. It is necessary to understand 
and control the factors affecting the EPR effect, 
which improves the selective targeting of anticancer 
nanodrugs to tumor tissues.20 The EPR effect can be 
enhanced in many ways, such as the use of vascular 
mediators, which can cause transient changes in the 
diameter, wall structure and function of the blood 
vessels adjacent to the tumor area.21-23
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Limitations of this study: The length of history of 
patients with hypertension may have an impact on the 
results. In the next step, multivariate analysis can be 
carried out in combination with patient history, the 
presence or absence of metabolic syndrome and other 
factors.

CONCLUSION

 The iodine enrichment amount measured in the 
isolated renal tumor samples was higher in the 
hypertensive group than in the non hypertensive group, 
so it can be considered that hypertension has a certain 
impact on the iodine enrichment amount, that is, EPR 
effect of polymer nano micelles.

Declaration of conflicting interest: None.

Funding: None.

REFERENCES
1. Znaor A, Lortet-Tieulent J, Laversanne M, Jemal A, Bray F. 

International variations and trends in renal cell carcinoma 
incidence and mortality. Eur Urol. 2015;67(3):519-530. doi: 
10.1016/j.eururo.2014.10.002

2. Tailor PD, Kodeboyina SK, Bai S, Patel N, Sharma S, Ratnani A, et al. 
Diagnostic and prognostic biomarker potential of kallikrein family 
genes in different cancer types. Oncotarget. 2018;9(25):17876-17888. 
doi: 10.18632/oncotarget.24947

3. Huang D, Sun L, Huang L, Chen Y. Nano drug Delivery Systems 
Modulate Tumor Vessels to Increase the Enhanced Permeability 
and Retention Effect. J Pers Med. 2021;11(2):124. doi: 10.3390/
jpm11020124

4. Nichols JW, Bae YH. EPR: Evidence and fallacy. J Control Release. 
2014;190:451-464. doi: 10.1016/j.jconrel.2014.03.057

5. Wu J. The Enhanced Permeability and Retention (EPR) Effect: 
The Significance of the Concept and Methods to Enhance Its 
Application. J Pers Med. 2021;11(8):771. doi: 10.3390/jpm11080771

6. Ou H, Cheng T, Zhang Y, Liu J, Ding Y, Zhen J, et al. Surface-
adaptive zwitterionic nanoparticles for prolonged blood circulation 
time and enhanced cellular uptake in tumor cells. Acta Biomater. 
2018;65:339-348. doi: 10.1016/j.actbio.2017.10.034

7. Xu YJ, Wu SH, Liu HJ, Niu P, Shen WZ, Xu YJ, et al. Perfusion 
Computer Tomography Assessment of the Effect of Angiotensin II 
On Blood Flow Distribution in Rabbits with Intrarenal VX2 Tumors. 
Cell Physiol Biochem. 2018;47(1):97-106. doi: 10.1159/000489752

8. AlGhatrif M, Lakatta EG. The conundrum of arterial stiffness, 
elevated blood pressure, and aging. Curr Hypertens Rep. 
2015;17(2):12. doi: 10.1007/s11906-014-0523-z

9. Hao YM, Yuan HQ, Ren Z, Qu SL, Liu LS, Dang-HengWei, et al. 
Endothelial to mesenchymal transition in atherosclerotic vascular 
remodeling. Clin Chim Acta. 2019;490:34–38. doi: 10.1016/j.
cca.2018.12.018

10. Nagamitsu A, Greish K, Maeda H. Elevating blood pressure as a 
strategy to increase tumor-targeted delivery of macromolecular 
drug SMANCS: cases of advanced solid tumors. Jpn J Clin Oncol. 
2009;39(11):756–766. doi: 10.1093/jjco/hyp074

11. Seccia TM, Caroccia B, Calò LA. Hypertensive nephropathy. Moving 
from classic to emerging pathogenetic mechanisms. J Hypertens. 
2017;35(2):205–212. doi: 10.1097/HJH.0000000000001170

12. Upcin B, Henke E, Kleefeldt F, Hoffmann H, Rosenwald A, 
Irmak-Sav S, et al. Contribution of Adventitia-Derived Stem 
and Progenitor Cells to New Vessel Formation in Tumors. Cells. 
2021;10(7):1719. doi: 10.3390/cells10071719

13. Davis GE, Norden PR, Bowers SL. Molecular control of capillary 
morphogenesis and maturation by recognition and remodeling of 
the extracellular matrix: functional roles of endothelial cells and 
pericytes in health and disease. Connect Tissue Res. 2015;56(5):392-
402. doi: 10.3109/03008207.2015.1066781

14. Kobayashi H, Watanabe R, Choyke PL. Improving conventional 
enhanced permeability and retention (EPR) effects; what is the 
appropriate target? Theranostics. 2013;4(1):81–89. doi: 10.7150/
thno.7193

15. Maeda H. The enhanced permeability and retention (EPR) effect in 
tumor vasculature: the key role of tumor-selective macromolecular 
drug targeting. Adv Enzyme Regul. 2001;41:189-207. doi: 10.1016/
s0065-2571(00)00013-3.

16. Gimbrone MA Jr, García-Cardeña G. Endothelial Cell Dysfunction 
and the Pathobiology of Atherosclerosis. Circ Res. 2016;118(4):620–
636. doi:10.1161/CIRCRESAHA.115.306301

17. Maeda H, Nakamura H, Fang J. The EPR effect for macromolecular 
drug delivery to solid tumors: Improvement of tumor uptake, 
lowering of systemic toxicity, and distinct tumor imaging in 
vivo. Adv Drug Deliv Rev. 2013;65(1):71–79. doi: 10.1016/j.
addr.2012.10.002

18. Dewhirst MW, Secomb TW. Transport of drugs from blood vessels 
to tumour tissue. Nat Rev Cancer. 2017;17(12):738–750. doi: 
10.1038/nrc.2017.93

19. Viallard C, Larrivée B. Tumor angiogenesis and vascular 
normalization: alternative therapeutic targets. Angiogenesis. 
2017;20(4):409–426. doi: 10.1007/s10456-017-9562-9

20. Claesson-Welsh L. Vascular permeability--the essentials. Ups J 
Med Sci. 2015;120(3):135-143. doi: 10.3109/03009734.2015.1064501

21. Maeda H. Toward a full understanding of the EPR effect in primary 
and metastatic tumors as well as issues related to its heterogeneity. 
Adv Drug Deliv Rev. 2015;91:3-6. doi: 10.1016/j.addr.2015.01.002.

22. Rieger H, Welter M. Integrative models of vascular remodeling 
during tumor growth. Wiley Interdiscip Rev Syst Biol Med. 
2015;7(3):113-129. doi: 10.1002/wsbm.1295.

23. You Y, Cheng W, Chen H. Application of ultrasound molecular 
imaging based on compressed sensing reconstruction algorithm 
to phase change drug-loaded PLGA nanoparticles targeting breast 
cancer MCF-7 Cells. Pak J Med Sci. 2021;37(6):1610-1614. doi: 
10.12669/pjms.37.6-WIT.4852

Authors’ Contributions:

ZC and WS designed and conceived the research.
TM and WY Literature search and analyzed the data.
WS is responsible and accountable for the accuracy 
and integrity of the work. All authors reviewed the 
manuscript and approved the final manuscript.


	_Hlk98949403
	_Hlk98929955
	_Hlk98930684
	_Hlk98951901
	_Hlk115183649
	_Hlk98529745
	_Hlk114619637
	_Hlk115184648
	_Hlk114876869
	_Hlk114766155
	_Hlk114523509
	_Hlk114767128
	_Hlk114875640
	_Hlk115181901
	_Hlk115181412
	_GoBack
	OLE_LINK4
	OLE_LINK57
	OLE_LINK56
	OLE_LINK51
	OLE_LINK26
	OLE_LINK29
	OLE_LINK31
	OLE_LINK33
	OLE_LINK34
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_GoBack
	_Hlk95764801
	_GoBack
	_Hlk117006714
	OLE_LINK1
	_Hlk66456171
	_Hlk66456240
	_Hlk20646326
	_Hlk66456398
	_Hlk65065288
	_Hlk85056997
	_Hlk85096718
	_Hlk36495526
	_Hlk101716702
	_GoBack
	_heading=h.ihv636
	_heading=h.vx1227
	_Hlk113366658
	_Hlk113360262
	_GoBack
	_Hlk96856886
	_GoBack
	_GoBack
	_GoBack
	_Hlk49103386
	_Hlk49101407
	_GoBack
	_GoBack
	_Ref86390609
	_Hlk82306392
	_Hlk82470363
	_3znysh7
	_2et92p0
	_Hlk100957979
	_Hlk100955355
	_GoBack
	_GoBack
	_Hlk118559224
	_Hlk118559262
	_GoBack
	_GoBack
	_GoBack

