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Abstract
Urothelial carcinoma of bladder (UBC), a highly prevalent urological malignancy associated with high mortality and recur-
rence rate. Standard diagnostic method currently being used is cystoscopy but its invasive nature and low sensitivity stresses 
for identifying predictive diagnostic marker. Autophagy, a cellular homeostasis maintaining process, is usually dysregulated 
in cancer and its role is still enigmatic in UBC. In this study, 30 UBC patients and healthy controls were enrolled. Histo-
pathologically confirmed tumor and adjacent normal tissue were acquired from patients. Molecular expression and tissue 
localization of autophagy-associated molecules (HMGB-1, RAGE, beclin, LC-3, and p62) were investigated. Serum HMGB-1 
concentration was measured in UBC patients and healthy controls. ROC curves were plotted to evaluate diagnostic potential. 
Transcript, protein, and IHC expression of HMGB-1, RAGE, beclin, and LC-3 displayed upregulated expression, while p62 
was downregulated in bladder tumor tissue. Serum HMGB-1 levels were elevated in UBC patients. Transcript and circulatory 
levels of HMGB-1 showed positive correlation and displayed a positive trend with disease severity. Upon comparison with 
clinicopathological parameters, HMGB-1 emerged as molecule of statistical significance to exhibit association. HMGB-1 
exhibited optimum sensitivity and specificity in serum. The positive correlation between tissue and serum levels of HMGB-1 
showcases serum as a representation of in situ scenario, suggesting its clinical applicability for non-invasive testing. Moreo-
ver, optimum sensitivity and specificity displayed by HMGB-1 along with significant association with clinicopathological 
parameters makes it a potential candidate to be used as diagnostic marker for early detection of UBC but requires further 
validation in larger cohort.
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Introduction

Urinary Bladder Cancer is the second most common 
malignant neoplasm of the urinary tract which originates 
from the urothelium. Primary histological subtype of blad-
der cancer is urothelial carcinoma of bladder (UBC) which 
occurs at a high rate of > 90% [1]. It is the 10th most 
common cause of cancer-related death and is associated 
with high recurrence rate [2]. Early detection of UBC is 
important for proper diagnosis and better patient outcomes 
to achieve curability for disease. Numerous clinical pro-
cedures are available for diagnosis of UBC, but lack of 
efficacy necessitates the need for identification of a novel 
molecular marker that can be detected non-invasively with 
optimum sensitivity and specificity [3]. Our lab has been 
working in the area of UBC for past two decades [4–6]. 
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The diagnostic potential of certain molecules has also been 
assessed in UBC [7–9].

Cancer cell is composed of a heterogeneous cell popula-
tion wherein the extracellular matrix (ECM) forms a major 
structural component of the tumor microenvironment. 
ECM is known to influence the various cancer hallmarks 
and therefore studies are now focusing on specialized 
ECM-based cultures to explore these interactions [10]. 
One such hallmarks of cancer is its ability to circumvent 
cell death and autophagy is known to modulate this feature 
of cancer. Autophagy is a lysosomal degradation pathway 
that plays a role in maintaining cellular homeostasis which 
operates at basal level in normal condition but is dysregu-
lated in various pathological conditions, including cancer 
[11]. Conceptual advancements made in cancer biology 
have shown autophagy to act as double-edged sword to 
either promote or suppress tumor growth [12, 13].

In UBC, few studies have reported the involvement of 
autophagy in tumor progression; however, only limited 
studies have highlighted the role of autophagy in UBC 
patients, while no such study has been reported in Indian 
patients [14, 15]. Thus, due to lack of general consensus 
regarding the role of autophagy in UBC patients, a bet-
ter understanding of interaction between autophagy and 
tumorigenesis in UBC patients is required.

Autophagy functions through coordinated action of 
Atg (Autophagy-associated gene) products but there are a 
plethora of molecules acting as regulators and effectors of 
autophagy. High-mobility group box-1 (HMGB-1) is one 
such key regulator for autophagy in response to cellular 
stress, including tumorigenesis [16].

HMGB-1 is a multifunctional protein that has location-
dependent role in regulation of autophagy. It is located in 
nucleus but under stressful conditions, it can translocate to 
cytoplasm [17]. It regulates autophagy by interacting with 
beclin also known as beclin-1, to release it free to help in 
autophagosome formation leading to autophagy [17]. It 
can also release into the extracellular milieu by cancer 
cells and act as ligand for various receptors. One such 
receptor is receptor for advanced glycation endproducts 
(RAGE) which interacts with HMGB-1 to induce beclin-
dependent autophagy [18].

Autophagy is an intricate mechanism in which vari-
ous molecules, including Microtubule-associated protein 
1A/1B light chain 3B (LC-3), are involved in autophago-
some completion [19]. It exists as LC-3B(I) which gets 
lipidated with phosphatidylethanolamine to form LC-
3B(II) and gets incorporated into autophagosome. Also, 
autophagy is a highly selective process and this selectivity 
is achieved with help of adaptor molecules like p62, which 
eliminates ubiquitinated proteins destined for autophagic 
degradation via LC-3II leading to autophagosome comple-
tion [19].

There are limited reports available for the molecules asso-
ciated with autophagy (HMGB-1, RAGE, beclin, LC-3, and 
p62) in UBC patients. Moreover, the diagnostic significance 
of these molecules has not been taken into consideration to 
date in UBC. Given this knowledge gap in dissecting the 
role of autophagy in UBC, in this maiden attempt, we aim to 
study the diagnostic potential of HMGB-1 and its associated 
molecules in bladder cancer. To achieve this hypothesis, cir-
culatory levels of HMGB-1 were determined and the molec-
ular expression and immunohistochemistry of HMGB-1 
and its associated molecules were studied in study subjects. 
Their association with clinical parameters was evaluated and 
lastly, their diagnostic potential was assessed by determining 
the sensitivity and specificity in UBC patients.

Materials and methods

Study subjects

This study has been approved by Institutional Human Ethics 
Committee (IECPG-692/31.01.2018) prior to its commence-
ment. 30 UBC patients undergoing radical cystectomy were 
recruited from the Department of Urology, AIIMS, New 
Delhi. Histopathologically proven tumor tissue and adjacent 
normal tissue were obtained from patients during surgery 
after obtaining prior written consent. After excision, tissues 
were collected in RNA later (Invitrogen) for RNA isolation 
and stored at − 80 °C. Tissues were stored for western blot-
ting and were also immersed in 10% formalin for immuno-
histochemistry. 5 ml blood sample was also collected from 
patients and thirty age and sex-matched healthy volunteers 
in plain vial free of endotoxins for isolation of serum which 
was stored at −80 °C till further use.

Enzyme‑linked immunosorbent assay

To determine the circulatory levels of HMGB-1 in UBC 
patients, ELISA was performed in serum samples. HMGB-1 
levels were also assessed in tissue lysate of study subjects for 
which tissues were lysed in RIPA buffer and then quantified 
by Bradford assay. Concentration of HMGB-1 was quanti-
fied with a commercial ELISA kit supplied by USCN Cloud 
Clone Corporation (Houston, USA) as per the manufactur-
er's instructions, while in tissue lysate, HMGB-1 levels were 
normalized by total protein concentration.

Gene expression analysis by real‑time polymerase 
chain reaction

Total RNA was extracted by chloroform–ethanol precipita-
tion method from snapped frozen tissue using Trizol (Sigma-
Aldrich). Further, RNA was transcribed into complementary 
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DNA (cDNA) using MuLV Reverse Transcriptase (Fer-
mentas, Thermo Fisher). The cDNA synthesized was used 
as template to analyze gene amplification using Bio-Rad 
CFX96 Touch™ Real-Time PCR Detection System, USA. 
The relative mRNA expression was calculated using  2−δCt 
method where Ct values of the molecules were normalized 
to that of 18S rRNA and compared with their respective 
controls. Primer sequences used are mentioned in Supple-
mentary Table 1.

Western blotting

Tissue samples were lysed in RIPA lysis buffer containing 
protease inhibitor cocktail for whole-cell lysate. For nuclear 
and cytoplasmic lysate, tissues were lysed in buffer (10 mM 
HEPES,1.5 mM  MgCl2, 10 mM KCl, 0.5 mM DTT, 0.05% 
NP40) along with protease inhibitor cocktail and incubated 
on ice for 10 min. Then they were centrifuged at 3000 rpm 
for 10 min and supernatant was kept as cytoplasmic lysate. 
Remaining pellet was washed with 1X PBS and resuspended 
in buffer (5 mM HEPES, 1.5 mM  MgCl2, 0.2 mM EDTA, 
0.5 mM DTT, 26% glycerol (v/v), and NaCl). Lysate was 
sonicated followed by 45-min incubation and centrifuged 
at 20,000×g for 20 min to collect supernatant as nuclear 
lysate. Protein quantification was done by Bradford assay. 
20–30 µg of total protein for whole-cell lysate and 10–20 µg 
for nuclear and cytoplasmic fractions were resolved in 
SDS-PAGE and transferred onto nitrocellulose membrane. 
Membrane was blocked with 5% BSA for 45 min followed 
by primary antibody incubation overnight at 4 °C. HRP-
conjugated secondary antibody was added. Blot was devel-
oped with chemiluminescent substrate (Thermo Scientific). 
Band images were acquired with Azure c600 gel doc system 
followed by quantification using ImageJ analyzer software. 
Details of antibodies used are mentioned in Supplementary 
Table 2.

Immunohistochemistry

Tissue specimens were fixed using 10% formalin follow-
ing which they were paraffin embedded and blocks were 
prepared and tissues were mounted onto Poly-l-lysine-
coated slides. Antigen retrieval was done using citrate buffer 
(pH = 6) for 20 min. Primary antibody was standardized on 
appropriate positive controls using different dilution ranges. 
Final dilution of these antibodies (Supplementary Table 3) 
was used for staining slides overnight. After washing, bioti-
nylated secondary antibody was added and incubated for 
30 min, then HRP-tagged antibody was added, and lastly 
diaminobenzidine (DAB) was used as chromogen. Tissue 
expression was quantified using immunoreactive score as 
described previously [20]. The score criterion according 

to staining intensity was defined for protein expression as: 
0-low and 1-high.

Correlation analysis

Spearman correlation analysis was performed to correlate 
the gene expression of all the molecules with each other in 
tumor specimen of patients. Further, the correlation between 
circulatory and intracellular levels of HMGB-1 was done. 
Transcript and circulatory levels of HMGB-1 were also 
correlated. Spearman correlation test was performed using 
Spearman’s correlation coefficient with a confidence interval 
of 95% and p < 0.05 was considered statistically significant.

Statistical analysis

All the data analyses and representations were performed 
either using GraphPad Prism 5.0 or Stata 12.0. Data were 
represented as median (range) or mean ± SD. Kruskal–Wal-
lis statistical test was adopted for comparing more than two 
groups for stage-wise analysis otherwise for two groups, 
Wilcoxon rank-sum (Mann–Whitney) test was used. To 
determine the association of the given molecules with vari-
ous clinicopathological parameters, Wilcoxon rank-sum test 
was used for analysis having two groups. Statistical analysis 
of more than two groups was performed using Kruskal–Wal-
lis test followed by Wilcoxon rank-sum test for pairwise 
comparisons, if required with Bonferroni adjustments in p 
value for multiple comparisons. To determine the diagnostic 
potential of autophagy-associated molecules, receiver oper-
ating characteristic (ROC) curve was plotted for serum, tis-
sue lysate, and transcript levels of UBC patients. Cut-off val-
ues along with sensitivity and specificity and area under the 
curve were determined. Statistical significance was defined 
at p < 0.05 with confidence interval of 95%.

Results

Study subjects

Patient demographic data are depicted in Table 1. According 
to histological grading, majority of patients were high grade 
(18) and rest low grade (12). On pathological tumor staging 
(pT) according to WHO staging (2016), UBC patients were 
categorized as pT0, pT1, pT2, and pT3 stages.

Circulatory and intracellular levels of HMGB‑1

The circulatory levels of HMGB-1 were found to be sig-
nificantly elevated (p < 0.001) in UBC patients as compared 
to healthy controls and displayed an increasing trend with 
disease severity (p < 0.01) [Fig. 1A]. Also, the intracellular 
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levels of HMGB-1 in tissue lysates were determined 
[Fig. 1B] wherein a considerable upregulation (p < 0.05) 
was detected in tumor tissue in comparison to adjacent nor-
mal tissue. A significant elevation (p < 0.01) was observed 
in high-grade lysate as compared to its normal counterpart.

Relative mRNA expression of autophagy‑associated 
HMGB‑1 and its related molecules

The relative mRNA expression of HMGB-1 was signifi-
cantly enhanced (p < 0.001) in tumor tissue in comparison 
to adjacent normal tissue and showed positive trend with 
increase in disease severity (p < 0.01). High-grade tumors 
depicted more significant upregulation (p < 0.001) of 
HMGB-1 than normal tissue, while for low-grade tumors 
the increase was insignificant.

RAGE has shown significantly heightened mRNA expres-
sion (p < 0.001) in tumor tissue in comparison to non-tumor 
tissue but showed no correlation with disease severity. 
Its expression was significantly increased in high grade 
(p < 0.01) and low-grade (p < 0.05) tissue than in adjacent 
normal tissue.

Highbeclin mRNA expression (p < 0.001) was observed 
in cancer tissue as compared to normal counterparts and 
displayed a gradual increase with disease progression 

(p < 0.01). A significantly upregulated expression of bec-
lin was found in high-grade tissue (p < 0.001) than normal 
tissue.

LC-3 was significantly upregulated (p < 0.001) in tumor 
tissue in comparison to adjacent normal tissue. LC-3 levels 
were elevated in high grade (p < 0.01) and low-grade tumor 
(p < 0.001) as compared to non-tumor tissue, while no cor-
relation with disease severity was seen.

p62 gene transcription exhibited significantly reduced 
expression (p < 0.001) in UBC tissue than in non-tumor tis-
sue. Decrease in the expression of p62 was more pronounced 
in high grade (p < 0.001) and low-grade tumors (p < 0.01) 
than in normal tissue [Fig. 1C–G].

Western blotting analysis of autophagy‑associated 
HMGB‑1 and its related molecules

After validating gene expression of given molecules, their 
protein expression was studied in UBC patients by west-
ern blotting [Fig. 2A]. Expression of RAGE (p < 0.001) and 
LC-3 (p < 0.05) was significantly elevated in tumor tissue 
in comparison to adjacent normal tissue, while for beclin 
upregulation observed was insignificant. In contrast, p62 
expression was detected to be significantly downregulated 
(p < 0.05) in tumor tissue. Moreover, HMGB-1 expression 
was assessed in nuclear and cytoplasmic lysate [Fig. 2B, 
C]. Increased cytoplasmic (p < 0.01) and decreased nuclear 
expression of HMGB-1 was observed in tumor tissue com-
pared with non-tumor tissue.

Tissue localization by immunohistochemistry

To investigate localization of proteins studied, IHC was 
performed in confirmed bladder tumor tissue and adjacent 
normal tissue (Fig. 3).

High HMGB-1 protein levels were detected in both 
cytoplasmic and nuclear compartments in tumor tissue 
(p < 0.05). Normal urothelium had lower levels of HMGB-1 
protein with similar distribution. HMGB-1 expression was 
maximal in high-grade tumors (p < 0.05) compared to low-
grade tumors whose expression was comparable to adja-
cent normal tissue. Accordingly, HMGB-1 receptor RAGE 
expression was also considerably elevated in tumor tissue 
than neighboring non-tumor tissue (p < 0.05).

Beclin displayed variable levels of cytoplasmic staining 
ranging from weak to moderate expression in the tumor tis-
sue, while weak cytoplasmic expression was seen in normal 
urothelium. LC-3 showed strong cytoplasmic and moder-
ate nuclear staining in tumor tissues. In normal urothelium, 
its expression was relatively weak. Meanwhile, p62 levels 
were reduced in urothelial carcinoma tissue, whereas normal 

Table 1  Demographic data of UBC patients and control subjects

Patients were staged as per the AJCC 2016 pathological staging sys-
tem. pT Stage: Pathological Tumor Stage
Values are represented as mean ± SD

Patients

Total number (n) 30
Male/Female 28/2
Age (years)
Range

55 ± 7
(35–65)

Histological grade
 High grade
 Low grade

18
12

Muscle invasion
 Non-muscle invasive
 Muscle invasive

14
16

pT stage
 pT0
 pT1
 pT2
 pT3

4
7
7
12

Controls

Total number (n) 30
Male/Female 23/7
Age (years)
Range

47 ± 11
(30–55)
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urothelium showed strong cytoplasmic expression but was 
statistically insignificant.

Correlation analysis

HMGB-1 transcripts levels exhibited a positive correla-
tion with RAGE and beclin in UBC tissues (Supplementary 
Table 4). Next, the circulatory and tissue levels of HMGB-1 
were correlated but were statistically insignificant which 
might be due to small sample size [Fig. 4A]. However, a sig-
nificant positive correlation of HMGB-1 between transcript 
and circulatory levels was observed (p < 0.001) [Fig. 4B] 
which could depict serum as a true representation of in situ 
scenario in UBC.

Association of autophagy‑associated molecules 
with clinicopathological features in urothelial 
carcinoma of bladder

The transcript levels of autophagy-associated molecules 
were tested for their association with clinicopathological 
parameters of UBC patients as shown in Table 2 among 
which only HMGB-1 presented a significant association with 
histological grade and pT stage wherein pT0 + pT1 and pT3 
stage patients exhibited significant association (p < 0.001) 
[Fig. 4C]. Circulatory levels of HMGB-1 showed signifi-
cantly strong association with histological grade, muscle 
invasion, and pT stage [Table 3]. A significant association 
was observed for pT0 + pT1 with pT2 (p < 0.01) and pT3 
stages (p < 0.001) [Fig. 4D].

Assessment of diagnostic potential

To assess the diagnostic potential of given molecules in 
UBC patients, ROC curves were plotted. HMGB-1 exhib-
ited optimum sensitivity and specificity for both serum and 
tissue lysates [Fig. 4E, F] with AUC being 0.86 and 0.85, 
respectively. Further, the mRNA expression of given mol-
ecules was assessed (Supplementary Fig. 1), out of which 
HMGB-1 emerged to have an optimum sensitivity and speci-
ficity with AUC (0.86), showcasing the diagnostic potential 
of HMGB1 in UBC.

Discussion

UBC is associated with high rates of mortality and morbidity 
worldwide, causing an estimated 150,000 deaths annually [2, 
21]. Approximately 75% of newly diagnosed cases represent 
non-muscle invasive bladder cancer which are associated 
with high rates of recurrence. While rest are muscle inva-
sive bladder cancer leading to maximum UBC-associated 

fatalities [1]. With the emergence of COVID-19 pandemic 
there has been a surge in the fatality of the patients already 
suffering from UBC and infected with SARS-CoV-2. A 
recent study by Akan et al. have reported that patients with 
high-risk non-muscle invasive bladder cancer receiving 
intravesical BCG therapy are at greater risk to be infected 
with Covid-19 infection [22]. Immunological impairment 
is one of the major reasons for this infection. Studies have 
shown different aspects targeting the immunological impair-
ment and one of the pathway is complement system to curb 
the disease [23–25]. The increased fatality in UBC is due 
to delayed diagnosis of the disease. Cystoscopy has been 
the mainstay for detection and surveillance of UBC but still 
associated with false-negative rate and its invasive nature 
causes patient discomfort and stress. Non-invasive tests like 
urine cytology are associated with low sensitivity, while 
FDA-approved tumor markers have been limited by low 
clinical specificity and high false-positive rate [3]. There-
fore, an ideal marker is essential that can diagnose UBC at 
an early stage without requisite of invasive testing and eas-
ily distinguish healthy individuals from UBC patients with 
optimum sensitivity and specificity.

To circumvent cell death, tumors have established various 
strategies among which involve their ability to modulate the 
cell machinery via autophagy. HMGB-1 plays a pivotal role 
in autophagy induction in cytoplasm by interacting with bec-
lin. It mediates concomitant downstream signaling to initiate 
autophagy by interacting with RAGE. LC-3 is involved in 
the intricate core machinery of autophagy which helps in 
autophagosome completion and interacts with p62 for selec-
tive degradation of ubiquitinated proteins.

Autophagy has been studied in carcinomas of other ana-
tomical sites but in UBC, its role is still enigmatic. Limited 
reports are available exploring the role of autophagy-asso-
ciated molecules in UBC. To our knowledge, this is the first 
study examining the role of all these molecules collectively 
and diagnostic potential of HMGB-1 in a single study in 
UBC.

HMGB-1 is selectively released from cancer cells into 
circulation; therefore, its circulatory levels were investigated 
which were observed to be significantly upregulated in UBC 
patients in comparison to healthy volunteers and exhibited 
a positive trend with disease severity. These results are in 
concordance with earlier reports in various tumors [26, 27]. 
Intracellular levels of HMGB-1 were also elevated in tumor 
tissue. This is the maiden study showcasing the serum and 
intracellular levels of HMGB-1 in UBC patients. Transcript 
levels of HMGB-1 were significantly higher in tumor tissue 
as compared to adjacent normal tissue and correlated with 
disease severity which has been previously exemplified in 
UBC [20, 28].

Next to study the autophagy-induced translocation of 
HMGB-1 in tumor tissue, protein levels of HMGB-1 were 
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assessed in the nuclear and cytoplasmic fraction wherein 
predominant increase of cytoplasmic HMGB-1 was observed 
in tumor tissue compared to adjacent normal tissue. Our 
findings are in concordance with an earlier report in colon 
cancer wherein high cytoplasmic HMGB-1 was detected in 
tumor tissue [29], while no such report is available in UBC. 
Immunohistochemical analysis also showed significant 
HMGB-1 localization in tumor tissue which supports the 
previous findings in UBC [20, 28].

RAGE is one of the binding receptors for HMGB-1 and 
accumulating data has shown its role in tumorigenesis [27, 
30]. The transcript levels of RAGE exhibited significant 
elevation in tumor tissue and agrees with a previous report 
in UBC [31]. Protein levels and immunohistochemistry of 
RAGE in UBC were significantly increased in tumor tissue 
and are in concordance with a report by Qian et al. [30].

HMGB-1 helps to regulate autophagy by interacting with 
beclin, an important initiator protein for autophagy. The rela-
tive gene expression of beclin was significantly enhanced 
in bladder cancer tissue than in adjacent normal tissue and 
displayed a trend with disease progression. Moreover, the 
protein expression and tissue localization of beclin was 
upregulated in tumor tissue compared to normal tissue but 
was statistically insignificant. Admittedly, these findings are 
in disconcordance with previous studies in UBC showing 
decreased beclin expression in tumor tissue [32, 33]. But in 
parallel, reports in other solid tumors have shown elevated 
expression of beclin to be associated with tumor progres-
sion [34–36].

LC-3 is crucial for autophagy, and molecular expression 
of LC-3 was significantly increased while immunopositivity 
was high in UBC tissue than in normal urothelium. Upregu-
lation of LC-3 has been documented before in various solid 
tumors [35, 37, 38] and a single study in UBC [39].

Besides, the molecular expression of p62 were signifi-
cantly downregulated in tumor tissue and its tissue localiza-
tion also showed decreased expression but was statistically 
non-significant. These results are in agreement with reports 
in cutaneous squamous cell carcinoma showing a decrease 
in p62 levels [37]. Alternately, a recent study in UBC has 
reported an upregulation of p62 in bladder tumor tissue [40].

A positive correlation was observed between HMGB-1 
with RAGE and beclin at mRNA levels in tumor tissue of 
UBC patients. This suggests the plausible involvement of 
HMGB-1–RAGE signaling in tumorigenesis and autophagy 
upregulation via beclin but requires further validation of 
downstream signaling in UBC. In accordance with these 
results in UBC, a related study showed autophagy-medi-
ated HMGB-1 to be involved in gastric cancer progression 
by binding to RAGE receptor and activating downstream 
ERK1/2 signaling [27]. Similarly, a recent study by Lai 
et al. in acute leukemia has shown extracellular HMGB-1 
interaction with RAGE in cancer cells and have a role in 
drug resistance after chemotherapy mainly by activating 
autophagy [41]. Also, HMGB-1 displayed a significant posi-
tive correlation between serum and transcript levels. Upon 
clinicopathological association the transcript and circulatory 
levels of HMGB-1 exhibited a significant positive associa-
tion with tumor stage, grade, and muscle invasiveness. These 
findings suggest the clinical utility of serum as a true rep-
resentation of UBC tissue. To assess the diagnostic perfor-
mance of HMGB-1, ROC curves were plotted and exhibited 
optimum sensitivity and specificity at serum, intracellular, 
and transcript level and are in concordance with previous 
report in serum of colorectal cancer patients [26], while no 
such study is available in UBC. Moreover, the diagnostic 
accuracy displayed by HMGB-1 highlights its diagnostic 
efficacy and clinical applicability.

Overall, this study tried to unravel the status of autophagy 
in UBC wherein an upregulation of HMGB-1, RAGE, beclin, 
and LC-3, while downregulation of p62 was observed in UBC 
patients. Although controversial results were also available for 
beclin and p62, wherein these differences might be due to eth-
nic diversity as the current study was performed in Indian popu-
lation and therefore requires further investigation. Correlation 
between the transcript and the circulatory levels of HMGB-1 in 
UBC patients highlights serum as a true representation of in situ 
scenario making it a suitable candidate for non-invasive marker 
for UBC detection. Besides, HMGB-1 emerged as a molecule 
of statistical significance to be positively associated with clin-
icopathological parameters. High sensitivity and specificity 
demonstrated by HMGB-1 showcase its diagnostic accuracy 
in serum. These results suggest that HMGB-1 might be a useful 
diagnostic marker for pre-operative assessment of UBC patients 
but warrants further validation in a larger cohort for it to be used 
in clinical settings in future.

Fig. 1‑ The corrected version of this figure has been uploaded as the 
one provided in the proof is light in colour so a bright coloured image 
of the same has been uploaded.  Relative expression of autophagy-
associated molecules in circulation and tissue of UBC patients. A 
Circulatory levels of HMGB-1 in serum of UBC patients (n = 30; 
n = 12 low grade; n = 18 high grade) and healthy controls (n = 30). 
Concentration is denoted as pg/ml. B Levels of HMGB-1 in tumor 
tissue and adjacent normal tissue lysates of bladder cancer patients 
(n = 10 tumor tissue; n = 5 low-grade tumor; n = 5 high-grade tumor) 
and adjacent normal tissue (n = 10). Levels of HMGB-1 determined 
in tissue were normalized by total protein concentration. Concen-
tration is denoted as pg/μg of total protein. C–G Box whisker plot 
depicting the relative mRNA expression of HMGB-1, RAGE, bec-
lin, LC-3, and p62 in UBC patients (n = 30 tumor tissue; n = 12 low 
grade; n = 18 high grade) and (n = 30 adjacent normal tissue). 18S 
was used as an endogenous control for normalization. The data were 
represented as median (range). Kruskal–Wallis statistical test was 
adopted for analysis. [HMGB-1: high-mobility group box-1, RAGE: 
receptor for advanced glycation end products, LC-3: microtubule-
associated proteins 1A/1B light chain 3B. *p < 0.05, **p < 0.01, 
***p < 0.001]

◂
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Fig. 2  Determination of protein levels of HMGB-1, RAGE, beclin, 
LC-3, and p62 in UBC patients. A Immunoblot image showing the 
protein expression of RAGE, beclin, LC-3, and p62 in whole-cell 
lysate of tumor tissue and adjacent normal tissue (n = 10 each) by 
western blotting (left panel). Expression of β-actin was monitored 
to ensure uniform protein loading in all lanes. ImageJ densitometry 
analysis (right panel) depicting the fold change of protein expres-
sion. B, C Protein expression of HMGB-1 in nuclear and cytoplas-

mic lysate of tumor tissue and adjacent normal tissue (n = 10 each) 
by western blotting (left panel). Histone-H3 and β-actin were used as 
endogenous controls for nuclear and cytoplasmic lysate, respectively. 
ImageJ densitometry analysis (right panel) was shown. Represented 
as Intensity ± SD. Student’s t test was used to compare two groups. 
[HMGB-1: high-mobility group box-1, RAGE: receptor for advanced 
glycation end products, LC-3: microtubule-associated proteins 1A/1B 
light chain 3B. *p < 0.05, **p < 0.01, ***p < 0.001]
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Fig. 3  Immunohistochemical expression patterns in tumor tissue and 
adjacent normal tissue of UBC patients. A Representative cases of 
UBC patients showing staining for HMGB-1, RAGE, beclin, LC-3, 
and p62 in tumor tissue and adjacent normal tissue of UBC patients. 
Scale bar, (100 µm). B Graph showing Immunoreactive Score (IRS) 
for the molecules in paired tumor (n = 10 tumor tissue; n = 4 low 
grade; n = 6 high grade) and adjacent normal tissue (n = 10). Immu-

noreactivity was calculated by multiplying individual score (i.e., 
intensity score × percentage score) for analysis of protein expression. 
Kruskal–Wallis test was adopted for statistical analysis. [HMGB-1: 
high-mobility group box-1, RAGE: receptor for advanced glycation 
end products, LC-3: microtubule-associated proteins 1A/1B light 
chain 3B. *p < 0.05, **p < 0.01, ***p < 0.001]



502 Molecular and Cellular Biochemistry (2022) 477:493–505

1 3

Fig. 4  Association of HMGB-1 with various parameters in serum 
and tissue correlation analysis of HMGB-1 in UBC patients with 
following parameters. A Graph showing the correlation analysis of 
HMGB-1 levels comparing the circulatory levels in serum and tissue 
levels in tissue lysate of the UBC patients. B Graph showing the cor-
relation analysis of HMGB-1 levels between transcript and circula-
tory levels in UBC patients. C, D Box whisker plot showing the asso-
ciation of HMGB-1 C relative mRNA expression in the tumor tissue 
and D serum of UBC patients with histological grade, muscle inva-
sion, and pT Stage. Receiver operating characteristic (ROC) curve 
showing the levels of HMGB-1in E serum and F tissue lysate, respec-
tively, to determine the diagnostic potential. The graphs showcase the 

optimum sensitivity and specificity and area under curve along with 
cut-off values for serum levels and intercellular levels, respectively. 
For A and B Spearman correlation analysis was used to determine 
correlation. For C and D median (range) is represented. Wilcoxon 
rank-sum test was used between two groups. Statistical analysis of 
more than two groups were performed using Kruskal–Wallis test 
followed by Wilcoxon rank-sum test for pairwise comparisons, if 
required with Bonferroni corrections in p value was used for multi-
ple comparisons. [HMGB-1: high-mobility group box-1, r = Spear-
man correlation coefficient, pT stage: pathological tumor stage, NMI: 
non-muscle invasive, MI: muscle invasive, AUC: area under curve. 
*p < 0.05, **p < 0.01, ***p < 0.001]
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Table 2  The association of 
relative mRNA expression 
of HMGB-1, RAGE, beclin, 
LC-3, and p62 with the 
clinicopathological features of 
UBC patients

Bold values denote significant association. (HMGB-1: high-mobility group box-1, RAGE: receptor for 
advanced glycation end products, LC-3: microtubule-associated proteins 1A/1B light chain 3B, pT stage: 
pathological tumor stage, p: significance value)

Median (range) (×  10–6)

HMGB-1 RAGE Beclin LC-3 p62

Histological grade
Low grade
(n = 12)
High grade
(n = 18)
p

17.4
(1.13–93.5)

7.03
(0.591–48.4)

17
(1.28–64.5)

59.2
(1.18–178.1)

22.2
(1.029–210)

118.5
(1.25–2093.3)

7.78
(0.039–1236.1)

19
(0.045- 402.1)

26.7
(1.51–379.1)

3.856
(0.107–71.58)

0.0052 0.799 0.672 0.446 0.233
Muscle invasion
Non-muscle invasive
(n = 14)
Muscle invasive
(n = 16)
p

33.7
(1.13–158.9)

7.03
(0.591–1236.1)

23
(1.28–402.1)

40.7
(1.18–178.1)

10.02
(0.616–210)

118.5
(1.25–2093.3)

7.78
(0.039–112.7)

10.8
(0.045 -123.8)

30.3
(1.51–379.1)

4.575
(0.107–71.58)

0.088 0.835 0.124 0.933 0.216
pT stage
pT0 + pT1
(n = 11)
pT2
(n = 7)
pT3
(n = 12)
p

19.7
(1.13–93.5)

9.62
(0.5.91–48.4)

17.6
(1.28–64.5)

64.5
(1.18–178.1)

2.735
(0.616–132)

47.1
(1.25–286.3)

7.32
(1.72–1236.1)

99.2
(0.045–402.1)

24.8
(2.99–314.4)

17.71
(0.304–210)

134.5
(5.05–2093.3)

8.11
(0.039–112.7)

10.8
(1.89–71.6)

32.5
(1.51–379.1)

5.084
(0.107–71.58)

0.0128 0.992 0.202 0.762 0.415

Table 3  The association of serum levels (pg/ml) of HMGB-1 with the clinicopathological features of UBC patients

Bold values denote significant association. (HMGB-1: high-mobility group box-1, RAGE: receptor for advanced glycation end products, LC-3: 
microtubule-associated proteins 1A/1B light chain 3B, pT stage: pathological tumor stage, p: significance value)

Median (range) (pg/ml)

Histological grade Muscle invasion pT stage

Low grade
(n = 12)

High grade
(n = 18)

Non- muscle invasive
(n = 14)

Muscle invasive
(n = 16)

pT0 + pT1
(n = 11)

pT2
(n = 7)

pT3
(n = 12)

55.57
(19.86–182.71)

157.71
(39.85–525.57)

61.28
(19.86–237.0)

174.85
(39.86–525.57)

55.57
(19.86–111.28)

122.71
(58.43–201.28)

215.57
(39.86–525.57)

p 0.0004 0.0014 0.0004
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