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ABSTRACT
 

The standard treatment for locally advanced cervical cancer (CC) is chemo-
radiotherapy. Once the bladder receives part of the radiation, a typical 
inflammatory condition that configures radiation-induced cystitis may develop. 
Chronic radiation-induced cystitis is commonly characterized by the bladder 
new submucosal vascularization, which is typically fragile and favors hematuria. 
The current study aims to investigate if Hypoxia-Induced Factor (HIF-1α) and 
its transcriptional target Vascular Endothelial Growth Factor A (VEGF-A) could 
be a primary pathway leading to increased submucosal vascularization. HIF-1α 
and VEGF-A mRNA levels in bladder core biopsies from CC patients treated with 
radiotherapy versus untreated (non-irradiated) patients were analyzed using a 
droplet digital polymerase chain reaction technology. Gene expression results 
showed that HIF-1α and VEGF-A had no significant differences between bladder 
samples from patients previously irradiated and untreated patient samples. 
However, a direct relationship between the degree of late morbidity and the 
expression of HIF-1α and VEGF-A has been demonstrated. Despite the lack of 
statistical significance precludes a definitive conclusion, the data presented 
herein suggests that further studies investigating the role of HIF-1α in bladder 
neovascularization in radiation-induced cystitis are highly recommended.
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INTRODUCTION

Cervical cancer (CC) is the fourth most 
common malignancy diagnosed in women 
worldwide. In Brazil, CC is the third most com-
mon cancer and the third cause of cancer death 
in women (1). The standard treatment for lo-
cally advanced CC is chemo-radiotherapy. Once 
the bladder receives part of the radiation, a typical 

inflammatory condition that configures radiation-
-induced cystitis (actinic cystitis) may develop.

	The reported incidence of late actinic cysti-
tis that are related to pelvic neoplasms radiotherapy 
varies from 5 to 10% (2). However, radiation-induced 
cystitis has already been estimated to range between 
8 and 12% in CC patients, with moderate or severe 
sequelae ranging between 2 and 6% (3). Levenback 
et al. reported an incidence of 6.5% in 1.784 stage IB 
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CC patients treated with radiotherapy over a period of 
29 years (4).

	Radiation-induced cystitis can be chronolo-
gically divided into three distinct phases: (i) an acu-
te phase that begins during treatment and improves 
within several weeks after the course of radiotherapy 
is completed, (ii) an asymptomatic latent phase, dose-
-dependent, which may last months or even years, 
and (iii) a chronic phase of late and irreversible res-
ponse. Chronic irradiated tissues are commonly cha-
racterized by hypoxia. The capacity of tissue repair 
is severely compromised and may result in fibrosis, 
ulceration and fistula. The bladder new submucosal 
vascularization, which is typically fragile, favors he-
maturia (5).

	Therefore, Hypoxia-Induced Factor (HIF-
1α) and its transcriptional targets, including 
Vascular Endothelial Growth Factor A (VEGF-A) 
could be a primary pathway which leads to incre-
ased submucosal vascularization in the radiation-
-damaged bladder. HIF-1α is a transcription factor 
that, after a hypoxia insult, associates with speci-
fic nuclear cofactors, activating the specific genes 
that are responsible for various adaptive responses 
to low oxygen tensions (6).

	Radiation cystitis is a challenging problem 
for urologists and the effectiveness of therapies is 
limited due in part to the lack of understanding of 
the molecular changes that are responsible for the 
progression of the disease. The current study aims 
to compare the expression of HIF-1α and VEGF-A 
in bladder tissue samples from patients undergoing 
radiotherapy as a treatment for CC versus untreated 
(non-irradiated) patients.

MATERIAL AND METHODS

Study design
	A single-institution, case-control study was 

performed in CC patients that were previously tre-
ated with pelvic radiotherapy versus non-irradia-
ted CC patients. Tissue fragments were collected 
by endoscopic bladder biopsy. Control patients 
were led to participate in the study during the sta-
ging exam and irradiated patients were then invi-
ted after consulting the medical records or before 
carrying out a previously scheduled exam, mostly 
due to chronic hematuria.

	This study was approved by the Ethics in Hu-
man Research Committee of the Brazilian National 
Cancer Institute (INCA), Rio de Janeiro, Brazil (num-
ber 918.354), and was conducted in accordance with 
the Good Clinical Practice Guidelines. All patients 
gave written informed consent.

Eligibility
	Patients older than 18 years of age with pri-

mary squamous cell carcinoma or adenocarcinoma 
of cervix, performance status (PS) of 0, 1, or 2 and 
proper organic function were eligible to be included 
in the study. All medical records were available for 
data collection purposes. Patients with blood clotting 
disorder, active macroscopic hematuria or active uri-
nary tract infection as clinically demonstrated or in 
laboratory tests were excluded.

	Patients selected for irradiated group should 
have been treated for CC with external radiotherapy 
from August 2010 to June 2016, respecting an inter-
val between the completion of external radiotherapy 
and cystoscopy of no less than 18 months. The time 
chosen between radiotherapy and sample collection 
had to correspond to the installed chronic actinic da-
mage. If the interval was too short it would be feasi-
ble that the findings would correspond to acute in-
jury. Since chronic damage is irreversible, there was 
no maximum interval between treatment and sample 
collection.

	Patients that were both diagnosed with CC 
and treatment-free and whose clinical staging was no 
more advanced than IIIA were included in the control 
group.

Patient data collection
	All relevant demographic, clinical and labo-

ratory data, histological type, staging and radiation 
doses were collected from the medical charts and a 
bladder endoscopic examination was performed.

	Regarding late adverse events, patients were 
evaluated according to the Common Terminology 
Criteria for Adverse Events (CTCAE) system, version 
4.03 (7). During endoscopic evaluation the presence 
of actinic cystitis was classified according to the Ra-
diation Therapy Oncology Group/European Organi-
zation for Research and Treatment of Cancer (RTOG/
EORTC) system. This considers symptoms and endos-
copic findings (8) and the evaluation was also per-
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formed according to the Late Effects Normal Tissue 
Task Force/Subjective, Objective, Management and 
Analytic (LENT/SOMA) system (9).

	Sampling, handling and storage of blad-
der core biopsy and bladder washing for mole-
cular assays.

	A (very) small fragment of bladder tissue was 
removed by cystoscopy. In general terms, the prefer-
red puncture site in non-irradiated women was the 
posterior vesical wall while in previously irradiated 
women, for safety reasons, the elected puncture site 
was the less vascularized one.

	In some individuals from the control group, 
bladder washing samples were collected by barbota-
ge before core biopsy, kept at 4°C and then sent to the 
laboratory to be promptly processed. Tissue samples 
were immediately placed on RNAlater™ Tissue Col-
lection (Thermo Fisher Scientific, Wilmington, DE, 
USA), left at 4°C for 24 hours, then, the RNAlater™ 
was discarded and samples were stored dry at -80°C 
until RNA isolation.

RNA extraction and complementary DNA syn-
thesis

	Tissue homogenization and subsequent 
RNA isolation were performed using the Omni TH 
tissue homogenizer® (Omni International, Kenne-
saw, GA, USA) in combination with the RNeasy 
Mini Kit® (Qiagen, Hilden, Germany). The RNA 
isolation was performed according to the protocol 
of the manufacturer. All RNA samples were stored 
at -80°C prior to further use. RNA concentrations 
were determined by OD 260nm measurements on 
a NanoDrop ND-1000 spectrophotometer® (Ther-
mo Fisher Scientific, Wilmington, DE, USA). RNA 
was reverse transcribed using Superscript II reverse 
transcriptase® (Invitrogen, Carlsbad CA, USA) ac-
cording to the manufacturer’s protocol.

Droplet digital PCR assays for VEGF-A and 
HIF-1α

	Droplet digital PCR (ddPCR) using TaqMan™ 
hydrolysis probes chemistry was performed using a 
Bio-Rad QX100 Droplet Digital PCR system (Bio-Rad, 
Pleasanton, CA, USA). Bio-Rad QX100 reagents and 
consumables were used for the experiments. Quanti-
tative polymerase chain reaction assays were perfor-
med using HIF1α-FAM and VEGF-A-FAM TaqMan 

assays. Glyceraldehyde-3-phosphate dehydrogena-
se (GAPDH)-HEX assays were performed for each 
sample on each plate for normalization of all other 
targets. Reactions were performed in appropriate 
volumes using ddPCR 2x Master Mix, 20x TaqMan 
Probe Mix, nuclease free water and reverse transcrip-
tase product. Each ddPCR assay mixture was disper-
sed into droplets using the QX100 droplet generator 
(Bio-Rad, Pleasanton, CA, USA). When droplet gene-
ration was completed, the droplets were transferred 
to a 96-well PCR plate and heat-sealed with sealing 
foil sheets (Bio-Rad, Pleasanton, CA, USA). The PCR 
amplification was performed in a sealed 96-well 
plate using a Veriti™ thermal cycler (Thermo Fisher 
Scientific, Wilmington, DE, USA) with the following 
cycling parameters: 95°C for 10 minutes followed by 
40 cycles of 94°C for 30 seconds, 60°C for 70 seconds 
(ramp rate set to 2°C/s) and a final extension step 
at 98°C for 10 minutes and a hold at 4°C. After PCR 
is complete, the 96-well plate was loaded into the 
QX100 Droplet Reader and the QuantaSoft™ softwa-
re version 1.5.38.118 (Bio-Rad, Pleasanton, CA, USA) 
was used for data analysis following manufacturer’s 
recommendations. Each well was measured for fluo-
rescence and the results were displayed as dot plots.

Statistical Analyses

	The Mann-Whitney U test was used to es-
timate the statistical significance of differences ob-
served between case and control groups (Graph-Pad 
Prism 5.0 software), p values ≤0.05 were considered 
to be associated with statistical significance.

RESULTS

	Between February 2015 and July 2018, 14 
previously irradiated patients and 12 patients as a 
control group were included. Clinical data from all 
patients are summarized in Table-1.

	The primary complication that was expected 
from the sample collection was hematuria. However, 
it should be emphasized that there were no complica-
tions related to the sample collection in any patient 
from either group.

	The characteristics related to the treatment 
of irradiated patients and possible complications of 
radiotherapy and bladder toxicity scores are shown 
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Table 1 - Clinical characteristics of patients.

Irradiated - n (%) Control - n (%)

Age (years, median) 48, 31 - 66 44.5, 33 - 66

Color/race

brown 6 (42.9) 5 (41.7)

white 7 (50.0) 4 (33.3)

black 1 (7.1) 3 (25.0)

Histopathology 
squamous cell carcinoma 12 (85.7) 11 (91.7)

adenocarcinoma 2 (14.3) 1 (8.3)

Grade

I 0 1 (8.3)

II 13 (92.9) 7 (58.3)

III 1 (7.1) 3 (25)

Not informed 0 1 (8.3)

FIGO stage at diagnosis*

IB1 2 (14.3) 1 (8.3)

IB2 1 (7.1) 1 (8.3)

IIA 1 (7.1) 1 (8.3)

IIB 9 (64.3) 8 (66.7)

IIIA 0 1 (8.3)

IIIB 1 (7.1) 0

Total 14 12

* FIGO: International Federation of Gynecology and Obstetrics

in Table-2. The external radiotherapy dose employed 
in 12 cases was 4500cGy, while two patients received 
5040cGy. The external radiotherapy dose that rea-
ched the bladder, calculated when the three-dimen-
sional conformational technique was used, did not 
reach the maximum restrictive value of 6500cGy for 
all cases (10). Eleven patients received 2400cGy dose 
during brachytherapy and two received 2800cGy. 
The total dose of radiotherapy employed, summing 
the dosages of external radiotherapy and brachythe-
rapy, ranged from 6900 to 7840cGy, with an average 
of 7044cGy. The interval between the completion of 

external radiotherapy and biopsy cystoscopy ranged 
from 19 to 69 months, with an average of 46 months.

	The RTOG/EORTC, LENT/SOMA and CTCAE 
scores, urinary sediment examination and presence 
of associated actinic rectal disease were considered. 
Fifty percent of irradiated patients had complaints 
compatible with rectal actinic damage, from which 
it was possible to endoscopically prove the compli-
cation in six patients and one had chronic diarrhea. 
On the RTOG/EORTC scale the score found seven pa-
tients with grade 1 toxicity, four patients with grade 
2 and three patients with grade 3. The score for LENT/
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SOMA scale, considering the sum of toxicity grades, 
ranged from 1 to 8 (average 3.57). The sum of the 
degrees of severity on the CTCAE version 4.03 sca-
le, including the different adverse events most likely 
related to bladder irradiation, ranged from 0 (one pa-
tient) to 6 (two patients), with a mean of 3.

	To further explore macroscopic changes of 
the urinary bladder associated with late radiation 
injuries, bladder endoscopic examination was per-
formed. Bladder assessment by cystoscopy revea-
led varied intensities of radiation-induced damage 
according to the late RTOG/EORTC morbidity scale 
(Figure-1).

	In light of the important role of hypoxia in 
increase submucosal vascularization in the radiation-
-damaged bladder we then evaluated the possible in-
volvement of HIF-1α and its transcriptional target, 
VEGF-A, in bladder tissue samples from CC patients 
undergoing radiotherapy versus untreated (non-irra-
diated) CC patients.

	Total RNA extraction from irradiated group 
was performed in eight patients for molecular analy-
sis and all patients of control group were included. 
Subsequently, gene expression analysis of HIF-1α, 
VEGF-A and GAPDH was performed by ddPCR using 
5ng RNA for each reaction. As shown in Figure-2 it 

was possible to accurately quantify the gene expres-
sion of all targets in the irradiated patient samples 
and controls.

	The gene expression results showed that 
HIF-1α had no significant differences between bla-
dder samples from patients previously irradiated 
and untreated patient samples (p=0.177). Simi-
lar results were found in expression of VEGF-A 
(p=0.6713) (Figure-3).

	Due to problems in the RNA extraction of 
patients with Grade 3 symptoms using the RTOG/
EORTC scoring system, we only performed the analy-
sis of HIF-1α and VEGF-A using the Grades 1 and 
2. A direct relationship between the degree of late 
morbidity and the expression of HIF-1α and VEGF-
-A has been demonstrated (Figure-3). However, this 
trend did not reach statistical significance (p=0.250 
and 1.0 respectively).

	Considering the risks involving bladder 
biopsy in patients with radiotherapy-induced cystitis, 
in some individuals, from the control group, bladder 
washing samples were collected. As shown in Figu-
re-3, there were similar expression levels of HIF-1α 
in bladder biopsy compared with washing samples of 
control group. However, the ddPCR showed that the 
mean relative expression of VEGF-A was significan-

Figure 1 - Aspect of the bladder mucosa of irradiated patients with varying degrees of neovascularization comparing with 
normal bladder mucosa. Images were obtained during cystoscopy examinations of patients included in the study and 
correspond to the endoscopic findings of RTOG/EORTC late morbidity scale: A and B - normal bladder mucosa, C and D - 
Grade 1: slight epithelial atrophy, minor telangiectasia, E and F - Grade 2: generalized telangiectasia, G and H – Grade 3: 
severe generalized telangiectasia (often with petechiae).
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Figure 2 - Graphics of digital PCR in drops. The graphs indicate the fluorescence intensity (Ch1 Amplitude and Ch2 Amplitude 
for FAM or HEX, respectively) of the drops analyzed (events number). The drops are termed "positive" or "negative" based on 
their fluorescence amplitudes. Positive events are marked in blue (HIF-1α and VEGF-A) and green (GAPDH), while negative 
events in gray (drops without the DNA molecule of interest). All analyzes were performed using QuantaSoft software (Bio-
rad). During drop formation cDNA molecules are randomly distributed in the droplets. Due to the high number of independent 
events, the Poisson algorithm is used to determine absolute quantitation of copy number independent of a standard curve, 
allowing accurate quantification of gene expression. (A) Expression of HIF1α in a control group patient (left) and in an 
irradiated patient (right). (B) Expression of VEGFA in a control group patient (left) and in an irradiated patient (right). (C) 
Expression of GAPDH in a control group patient (left) and in an irradiated patient (right).

tly lower in bladder biopsy when compared with the 
washing samples of control group (p=0.0011).

DISCUSSION

	Hypoxia is a common phenomenon in the 
majority of cancers and great interest on HIF-1α stu-
dies comes from its potential for targeted therapy 
through small inhibitors.

	The current results on the expression pattern 
of HIF-1α and VEGF-A in bladder tissue from CC pa-
tients undergoing radiotherapy were in contrast to 
previous studies under other clinical or experimental 
conditions (11-18). Here, no differences on HIF-1α or 
VEGF-A mRNA levels were observed between irra-
diated versus non-irradiated groups (Figure-3). Mo-
reover, we have also found that patients with higher 
RTOG/EORTC toxicity score exhibited a trend toward 
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Figure 3 - Droplet digital PCR expression analysis of HIF-1α and VEGF-A mRNA. (A) and (B) Analysis of HIF-1α and VEGF-A 
mRNA in non-irradiated patients (control) and patients previously submitted to pelvic radiotherapy (cystitis). (C) and (D) 
Analysis of HIF-1α and VEGF-A mRNA expression in patients previously submitted to pelvic radiotherapy according to the 
late RTOG/EORTC morbidity score. (E) and (F) Analysis of HIF-1α and VEGF-A mRNA in bladder tissue samples and washing 
bladder samples of non-irradiated patients. The targets mRNA expression were calculated relative to a stable expressed 
reference gene (GAPDH). Results were expressed as median and comparison between groups was performed by Mann–
Whitney U test. RTOG/EORTC: grade 1 - mild epithelial atrophy, small telangiectasia (microscopic hematuria); grade 2 - 
moderate frequency, generalized telangiectasia, and intermittent macroscopic hematuria.

higher HIF-1α mRNA levels, in a directly proportio-
nal way.

	Previous studies have shown an increased 
expression of HIF-1α, VEGF-A, and other angio-
genesis markers in bladder cancer (11, 12). The 
relationship of HIF-1α and VEGF-A with radio-
therapy-induced intestinal damage in prostate 

cancer or CC were also evaluated (13). The authors 
demonstrated in rectal biopsy samples a signifi-
cant increase in HIF-1α (6.9-fold) and VEGF-A 
(4.7-fold) expression, as well as fibroblast-2 and 
interleukin-1β growth factor (13).

	The expression of HIF-1α and VEGF-A and 
other markers of hypoxia, oxidative stress, angioge-
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nesis and capillary proliferation, macrophage acti-
vation, cell signaling and fibrosis have also been 
studied in irradiated rat lungs (14). The authors 
verified the progressive increase of HIF-1α from 
4 weeks and VEGF-A from 6 weeks after irradia-
tion (14). Also, an increased expression of HIF-1α, 
HIF-2α and VEGF-A has been shown in bladder 
obstruction (15, 16), overactive bladder syndrome 
(17) and interstitial cystitis (18).

	Next, an analysis was performed using the 
washing bladder samples of control group to test if 
those samples could provide a good model of radio-
therapy-induced cystitis. Bladder washing exfoliates 
large sheets of urothelium and even three-dimensio-
nal urothelial fragments, however, we observed only 
a few preserved cells were recorded. The data showed 
that HIF-1α expression levels were similar in bladder 
biopsy compared with washing samples of control 
group. In contrast, VEGF-A mRNA levels were sig-
nificantly lower in bladder biopsy when compared 
with washing samples of the control group. Clearly, 
additional analysis with more patients of the control 
and irradiated groups are needed to test if bladder 
washing samples could be a better approach for stu-
dying radiotherapy-induced cystitis.

	It is important to point out, that the current 
study faced some limitations that could easily in-
fluence its findings. In addition to the difficulties in 

enrolling patients, an important issue was the quality 
and amplifiability of RNA in some samples. Sam-
ples collected in the early stages of the research 
may have experienced some level of RNA degrada-
tion. It should be noted that all samples collected 
were preserved in RNAlater® solution shortly after 
collection, in accordance with the manufacturer’s 
recommendations. Other important hypotheses of 
note are the possibility of contamination due to 
the presence of blood cells in the biopsy material 
and the potential interference of tissue hypoxia on 
GAPDH expression (19). In light of this, a previous 
study has shown modulation of GAPDH mRNA ex-
pression after ionizing radiation (20).

	Additionally, considering the risks involved 
in bladder biopsies in patients with radiotherapy-in-
duced cystitis, obtaining samples in the most inten-
sely vascularized patients was not considered safe by 
the investigators; therefore, the most affected areas 
were not represented in this trial. The obtained sam-
ples, in turn, also presented reduced dimensions, whi-
ch made their processing and RNA extraction even 
more challenging.

	It was also not possible to include patients 
irradiated in a single center or through a single 
technique. Thus, eventual differences in tissue hy-
poxia intensity and HIF-1α and VEGF-A expres-
sion between different external radiotherapy te-
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chniques may have resulted in differences in the 
detected values.

	Most importantly, several of the limitations 
listed above are related to the fact that there is no 
other study that evaluated the expression of HIF-1α 
or VEGF-A in irradiated bladders.

CONCLUSIONS

	No differences on HIF-1α or VEGF-A mRNA 
levels were observed between the irradiated group 
versus the non-irradiated group. Among the irradia-
ted patients, a direct proportional trend in the degree 
of RTOG/EORTC toxicity score and HIF-1α mRNA 
relative expression was observed, as HIF-1α mRNA 
levels increased alongside toxicity degree.

	Although the lack of statistical significance 
precludes a definitive conclusion, the data presented 
herein suggests that further studies (with a higher 
number of patients) investigating the role of HIF-1α 
in bladder neovascularization in radiation-induced 
cystitis are highly recommended, given that radia-
tion-induced cystitis is an orphan disease.

ABBREVIATIONS

CC = cervical cancer
cGy = centigray
CTCAE = Common Terminology Criteria for Adverse 
Events
ddPCR = droplet digital polymerase chain reaction
GAPDH = Glyceraldehyde-3-phosphate dehydroge-
nase 
HIF-1α = hypoxia-induced factor-1 α
INCA = Brazilian National Cancer Institute
mRNA = messenger ribonucleic acid
PS = performance status
RTOG/EORTC = The Radiation Therapy Oncology 
Group/ European Organisation for Research and Tre-
atment of Cancer
VEGF-A = vascular endothelial growth factor A
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