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With recent progress in understanding the pathogenesis of adrenocortical tumors (ACTs), 
identification of molecular markers to predict their prognosis has become possible. 
Transcription factor 21 (TCF21)/podocyte-expressed 1 (POD1) is a transcriptional regula-
tory protein expressed in mesenchymal cells at sites of epithelial–mesenchymal transition 
during the development of different systems. Adult carcinomas express less TCF21 than 
adenomas, in addition, the KEGG pathway analysis has shown that BUB1B, among 
others genes, is negatively correlated with TCF21 expression. The difference between 
BUB1B and PTEN-induced putative kinase 1 (PINK1) expression has been described 
previously to be associated with survival in adult but not in pediatric carcinomas. Here, 
we analyzed the gene expression of TCF21, BUB1B, PINK1, and NR5A1 in adult and 
pediatric ACTs. We found a negative correlation between the relative expression levels of 
TCF21 and BUB1B in adult ACTs, but the relative expression levels of TCF21, BUB1B, 
PINK1, and NR5A1 were similar in childhood ACTs. In addition, we propose using the 
subtracted expression levels of the TCF21/POD-1 genes as a predictor of overall survival 
(OS) in adult carcinomas and TCF21-NR5A1 as a predictor of malignancy for pediatric 
tumors in patients aged <5  years. These results require further validation in different 
cohorts of both adult and pediatric samples. Finally, we observed that the OS for patients 
aged <5 years was markedly favorable compared with that for patients >5 years as well 
as adult patients with carcinoma. In summary, we propose TCF21/POD-1 as a new 
prognostic marker in adult and pediatric ACTs.

Keywords: adrenocortical tumors, adult and pediatric tumors, transcription factor 21, podocyte-expressed 1, 
BUB1B, PTen-induced putative kinase 1, nuclear receptor subfamily 5 group a member 1, crisPr/dcas9
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TaBle 1 | Clinical characteristic of patients.

adults characteristics n = 78 adrenocortical 
adenoma 

(aca) (n = 44)

adrenocortical 
carcinoma 

(acc) (n = 34)

Mean age (years) 40.59 ± 13.8 41.68 ± 16.45
Sex Female 36 23

Male 8 11
Weiss scoreb ≤3 42 7

>3 1 27
ENSAT stagec I/II 1 11

III/IV 0 10
Metastasisb Yes 0 16

No 32 14
Cancer-related  
death (CRD)a

1 15

Median OS (mo) 41
Follow-up (mo) 59.4 ± 62.41 52.2 ± 69.94

Pediatric <5 years n = 35 aca (n = 27) acc (n = 8)

Mean age (years) 1.84 ± 0.76 2.44 ± 0.87
Sex Female 19 4

Male 8 4
Weiss Scoreb ≤3 9 0

>3 17 8
Metastasisd Yes 0 7

No 26 1
CRD 0 5
Median OS (mo) 197.7
Mean follow-up 
(months)

100.2 ± 61.9 57.67 ± 65.05

Pediatric >5 years n = 15 aca (n = 5) acc (n = 10)

Mean age (years) 10.4 ± 4.03 13.44 ± 3.98
Sex Female 4 8

Male 1 2
Weiss score ≤3 5 0

>3 0 10
Metastasis Yes 0 7

No 5 3
CRD 0 7
Median OS (mo) 23.3
Mean follow-up 
(months)

96.5 ± 61.14 30.21 ± 34.7

a11 cases not informed.
b1 case not informed.
c55 cases not informed.
d16 cases not informed.
OS, overall survival.
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inTrODUcTiOn

The molecular pathogenesis of adrenocortical tumors (ACTs) 
remains poorly understood despite recent advances provided 
by comprehensive clinical and molecular investigations (1, 2).  
Some advances are related to the development of different tran-
scriptomes during the last decade [for a review, see Ref. (3)]. Among 
these studies, a microarray analysis (4) showed that 91 genes 
are differentially expressed between adrenocortical carcinomas 
(ACCs) and adrenocortical adenomas (ACAs) of adult patients, 
including the TCF21 gene, which was two times lower in ACCs 
than in ACAs or in normal adrenal cortex samples. Transcription 
factor 21 (TCF21)/podocyte-expressed 1 (POD1) also known as 
capsulin/epicardin is a bHLH transcriptional regulatory protein 
expressed at sites of epithelial–mesenchymal interactions in the 
developing urogenital, cardiovascular, respiratory, and gastroin-
testinal systems (5–9). TCF21 directly regulates the expression 
of steroidogenic factor 1 (NR5A1/SF1) in human ACT cells by 
binding to the E-box sequence in the NR5A1’s promoter region 
(10). Also, in this study, we showed that the viability of ACC cells 
transfected with TCF21 was not affected. However, StAR expres-
sion was downregulated following transfection with TCF21, in 
accordance with a decrease in SF1-mediated StAR transcription. 
In addition, KEGG analysis showed a significant enrichment in 
cell cycle regulation pathways involving genes whose expression 
was negatively correlated with TCF21 expression in ACCs, such 
as CDK1 and BUB1B (10). Budding uninhibited by benzimida-
zoles 1 homolog beta (BUB1B) encodes a kinase with important 
functions in the mitotic checkpoint (11–13). In a study using 
microarrays to identify genes that discriminated ACC and ACA, 
they identified two clusters of ACC with different outcomes (14). 
de Reyniès and colleagues identified that the difference between 
the expression values of DLGAP5 (disks large associated protein 
7) and PINK1 (PTEN induced putative kinase 1), and the dif-
ference between the expression of values of BUB1B and PINK 
were, respectively, predictors of malignancy, and overall survival. 
Indeed, ΔCTBUB1B − ΔCTPINK1 was considered a prognostic 
factor in ACCs in two different cohorts (14, 15).

PTEN-induced putative kinase 1 (PINK1) is a key mediator of 
mitochondria quality control induced by the tumor suppressor 
gene PTEN (16), whose expression levels decline in more aggres-
sive ACCs and in ovarian cancer (17).

For pediatric patients, there are limited data to define prog-
nostic molecular markers that distinguish benign from malignant 
ACTs, despite attempts of histological criteria and molecular clas-
sifications (18, 19). In fact, the only study using transcriptome 
profiling analysis of pediatric ACT did not discriminate ACAs 
and ACCs using unsupervised clustering (20). Therefore, due to 
clinical, histological, and molecular heterogeneity in malignant 
ACTs, there is a need to validate and correlate the driver genes 
with possible prognostic value for both adult and pediatric ACTs.

In this study, we aimed to analyze the expression of TCF21 and 
genes that may have TCF21-related expression, such as BUB1B, 
PINK1, and NR5A1 in adult and pediatric ACTs. Through the 
analysis of TCF21, BUB1B, PINK1, and NR5A1 gene expression, 
we tested the value of this analysis to predict the OS of adult ACC 
and to distinguish between benign and malignant pediatric ACTs. 
Therefore, the overall aim of this study was to verify if TCF21 has 
a diagnostic and prognostic role in adult and pediatric tumors.

MaTerials anD MeThODs

Patients
This study was approved by the Ethics Committees of Hospital 
das Clinicas, Institute of Biomedical Sciences (#822/2016) and 

Abbreviations: ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; 
ACT, adrenocortical tumor; ACTB, beta-actin; BUB1B, budding uninhibited by 
benzimidazoles 1 homolog beta; GFP, green fluorescent protein; GUSB, glucuro-
nidase beta; NR5A1, nuclear receptor subfamily 5 group A member 1; PINK1, 
PTEN-induced putative kinase 1; POD1, podocyte-expressed 1; SF1, steroidogenic 
factor 1; TCF21, transcription factor 21.
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FigUre 1 | Relative expression of (a) transcription factor 21 (TCF21) in 44 adult adrenocortical adenomas (ACAs) and 34 carcinomas (ACCs) [median 
ACAs = 0.49, median ACCs = 0.18, 95% confidence interval (CI) = −0.46 to −0.13]; (B) BUB1B in 42 ACAs and 33 ACCs (median ACAs = 0.27, median 
ACCs = 1.17, 95% CI = 0.43 to 5.70); (c) NR5A1 in 44 adult ACAs and 34 ACCs (median ACAs = 0.86, median ACCs = 0.57, 95% CI = −0.25 to 0.65);  
and (D) PINK1 in 42 ACAs and 33 ACCs (median ACAs = 0.50, median ACCs = 0.42, 95% CI = −0.53 to 0.11) by quantitative real-time PCR. The Y-axis  
shows the fold increase in gene expression relative to the mean expression of a pool of normal adrenals. The Mann–Whitney test was used to assess  
statistical significance (P < 0.05).
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Department of Pediatrics and School of Medicine of Ribeirão 
Preto (#7534/2010), São Paulo, Brazil. Written informed consent 
was obtained from all the patients or from their parents.

The clinical and histological features of patients with ACTs 
are summarized in Table  1. Further details of clinical charac-
teristics and molecular data are shown in Tables S1 and S2 in 
Supplementary Material.

Samples of ACTs were obtained from 128 patients, 78 adult 
patients (range: 18–83 years), 35 pediatric patients aged <5 years 
(range: 0.43–3.8 years), and 15 pediatric patients aged >5 years 
(range: 5.5–17.7  years). The pediatric patients were separated 
into two groups because the fetal zone of the human adrenal 
cortex undergoes involution after birth, with the glomerulosa 
and fasciculata zones achieving complete differentiation 
approximately 4 years of age (21, 22), while the reticularis zone 

is formed from 6 to 9 years of age (23, 24). Patients were evalu-
ated at Hospital das Clinicas, by the School of Medicine from 
University of São Paulo and at the Department of Pediatrics 
from the School of Medicine of Ribeirao Preto, São Paulo, 
Brazil, between 1981 and 2014.

The mean follow-up periods were 56.2 ± 65.9, 90.5 ± 65.1, 
and 52.3 ± 55.0 months for adult patients, pediatric patients 
aged <5 years, and pediatric patients aged >5 years, respectively. 
The final diagnosis of the patients was determined according 
to the histopathological characteristics, clinical manifestation, 
and biological behavior of the tumor, as proposed by Wieneke 
et al. (18), and it was used to classify the tumors as adult and 
pediatric adenomas or carcinomas in this study. As shown in 
Table 1, the Weiss score for adult ACTs was different from the 
correct diagnosis based on the final diagnosis. Accordingly, 
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FigUre 2 | Relative expression of (a) TCF21 in 27 pediatric (<5 years) adrenocortical adenomas (ACAs) and 6 carcinomas (ACCs) [median ACA = 0.17, median 
ACC = 0.59, 95% confidence interval (CI) = −0.04 to 1.00]; (B) BUB1B in 27 ACAs and 8 ACCs (median ACAs = 1.62, median ACCs = 4.85, 95% CI = −1.12 to 
11.8); (c) NR5A1 in 27 ACAs and 8 ACCs (median ACAs = 0.64, median ACCs = 0.41, 95% CI = −1.48 to 0.19); and (D) PINK1 in 26 ACAs and 8 ACCs (median 
ACAs = 0.58, median ACCs = 0.46, 95% CI = −0.81 to 0.24) by quantitative real-time PCR. The Y-axis shows the fold increase in gene expression relative to the 
mean expression of a pool of eight pediatric normal adrenals. The Mann–Whitney test was used to assess statistical significance (P < 0.05).
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in our study, we used the final diagnosis (44 ACA; 34 ACC) 
instead of the Weiss score (49 ACA; 28 ACC) to classify 
adenomas and carcinomas for adult tumors. For the pediatric 
group, the Weiss criteria are not useful to discriminate the 
histopathological diagnosis because pediatric tumors present 
a favorable outcome even with a Weiss score ≥3 (18). Among 
pediatric patients up to 5 years of age, the final diagnosis was 
27 ACAs and 8 ACCs; however, among pediatric patients from 
5 to 18  years of age, 5 ACAs and 10 ACCs were diagnosed 
(Table 1).

cell cultures
Human ACC cell lines NCI-H295R (25) and SW-13 (26) and 
human embryonic kidney cell line HEK-293 (27) were obtained 

from ATCC (The ATCC Cell Biology Collection). NCI-H295R, 
SW-13, and HEK-293 were cultured, respectively, in RPMI 
medium with 2% fetal bovine serum (FBS) and 1% insulin-
transferrin-selenium, L-15 medium with 10% FBS, and DMEM 
medium with 10% FBS (Gibco, Grand Island, NY, USA) at 37°C 
in a 95% air-5% CO2, in fully humidified environment. The 
culture used was authenticated by STR DNA profiling analysis.

Quantitative real-time Pcr
Total RNA was extracted from previously frozen tumor fragments 
(stored in liquid nitrogen) using Trizol (Invitrogen, Carlsbad, 
CA, USA) and an automatic homogenizer (model 985370, 
Biospec Products, Bartlesville, OK, USA). The RNA integrity and 
concentration were evaluated by agarose gel electrophoresis (2%) 
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FigUre 3 | Relative expression of (a) TCF21 in 5 pediatric (>5 years) adrenocortical adenomas (ACAs) and 9 carcinomas (ACCs) [median ACAs = 0.28, median 
ACCs = 0.13, 95% confidence interval (CI) = −0.87 to 0.47]; (B) BUB1B in 5 ACAs and 9 ACCs (median ACAs = 0.34, median ACCs = 1.49, 95% CI = −0.24 to 
29.07); (c) NR5A1 in 5 ACAs and 10 ACCs (median ACAs = 0.87, median ACCs = 0.65, 95% CI = −0.81 to 3.10); and (D) PINK1 in 5 ACAs and 9 ACCs (median 
ACAs = 0.98, median ACCs = 0.83, 95% CI = −0.75 to 1.86) by quantitative real-time PCR. The Y-axis shows the fold increase in gene expression relative to the 
mean expression of a pool of eight pediatric normal adrenals. The Mann–Whitney test was used to assess statistical significance (P < 0.05).
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and spectrometry (NanoDrop 2000c, Thermo Fisher Scientific, 
Waltham, MA, USA). cDNA was generated from 1 µg of RNA 
using the SuperScript III First-Strand Synthesis Supermix kit 
(Invitrogen). Quantitative real-time PCR was performed using 
the 7500 Real Time PCR System Sequencer (Applied Biosystems, 
Foster City, CA, USA) and the TaqMan gene expression assay for 
gene quantification according to the manufacturer’s instructions 
(Applied Biosystems, Foster City, CA, USA). The assays IDs were 
as follows: human β-glucuronidase, glucuronidase beta (GUSB) 
(Hs00939627_m1 ID), beta-actin (ACTB) (Hs99999903_m1 
ID), TCF21 (Hs00162646_m1 ID), nuclear receptor subfamily 
5 group A member 1 (NR5A1) (ID Hs00610436_m1), BUB1B 
(ID Hs01084828_m1), and PINK1 (ID Hs00260868_m1). A 
cycle threshold (CT) value was selected in the linear range of 

amplification for each sample in triplicate and was normalized 
to the GUSB and ACTB expression levels. The relative expression 
levels were calculated using the 2−ΔΔCt method (28), where ΔΔCt 
is the difference between the selected ΔCt value of a given sample 
and the ΔCt for a pool of commercial normal adrenals (BioChain, 
USA). For the pediatric groups, the ΔCt mean of eight pediatric 
normal adrenal samples were used as normalizer. These samples 
were collected from patients up to 5  years of age undergoing 
nephrectomy due to kidney cancer and were kindly provided by 
Dr. Sonir R. R. Antonini from the Department of Pediatrics of 
FMRP-USP.

A mean expression value of 1.0 was attributed to the target 
genes in the pool of normal adrenals. A relative increase in the 
expression levels was determined for each tumor sample. The 
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FigUre 4 | RT-qPCR analysis to determine the relative gene expression of (a) TCF21 [95% confidence interval (CI) = 27,888 to 70,495], (B) NR5A1 (CI = −0.77  
to 0.36), (c) BUB1B (CI = −0.50 to 0.01), and (D) PINK1 (CI = −0.65 to 0.39) in H295R cells transiently transfected with an empty vector pCMVMyc (empty) vs 
pCMVMycPod1 (TCF21). Statistical significance was assessed by paired T test on three to five pairs.
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subtraction gene level expression was calculated using the formula 
ΔCt target gene 1 − ΔCt target gene 2, as described by de Reyniès 
et al. (14).

Transfection assay
NCI-H295R cells were transiently transfected with pcMVMyc-
Pod1, which was kindly provided by Dr. Masataka Nakamura 
(Tokyo Medical University, Japan), as described earlier by Funato 
et al. (29). Next, 1.1 × 106 cells were plated and transfected with 
4  µg of plasmid DNA and 12  µl of Turbofect (Thermo Fisher 
Scientific, Waltham, MA, USA) for 5 h. After 24 h of transfec-
tion, total RNA was extracted with Trizol (Invitrogen). Three 
independent experiments were performed. A high (71.4 ± 2.8%) 
efficiency of transfection was verified using the pmaxGFP vec-
tor (Amaxa Biosystems, Gaithersburg, MD, USA), and the cells 

were analyzed in a fluorescence-inverted microscope (data not 
shown).

Transduction assay for crisPr/dcas9 
activation system
The lentiviruses were produced in HEK-293FT  cells using 
plasmids sgRNA (MS2) (#61427; Addgene, Cambridge, MA, 
USA), dCas9-VP64 (#61425; Addgene, Cambridge, MA, USA), 
or MS2-P65-HSF1 (#61426; Addgene, Cambridge, MA, USA). 
The sgRNA sramble (SCR) was constructed with the sequence 
GCACTACCAGAGCTAACTCA and the sgRNA T2 with the 
sequence ACATTACAAGTTGCAAATCA, according to proto-
col established by Konermann et al. (30).

Transduction and cell selection were performed serially: 
dCas9-VP64 was selected with blasticidin; MS2-P65-HSF1 
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FigUre 5 | Analysis of the subtraction gene expression of adult adenomas (ACAs) and carcinomas (ACCs) to determine the prognosis. (a) ΔCtBUB1B and 
ΔCtPINK1 expression [median = −3.137; 95% confidence interval (CI): −4.932 to −1.397; P = 0.0003] and (B) ROC curve test for BUB1B-PINK1; (c) ΔCtTCF21 
and ΔCtBUB1B expression (median = 4.985; 95% CI: 3.376 to 6.502; P < 0.0001) and (D) ROC curve test for TCF21-BUB1B; (e) ΔCtTCF21 and ΔCtPINK1 
expression (median = 1.538; 95% CI: 0.269 to 2.835; P = 0.016) and (F) ROC curve test for TCF21-PINK1.
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was selected with hygromycin; and sgRNA-SCR or sgRNA-T2 
was selected with zeocin. The concentration of antibiotics used 
was determined through a dose–response curve. The cells were 
plated to reach 50% of confluency 48 h before transduction and 
maintained for 24 h with a solution (1:1) of viral supernatant in 
culture medium, followed by of antibiotic selection until control 
cells died.

statistical analysis
As described in the Section “Materials and Methods” (patients), 
the groups of adenomas and carcinomas were discriminated 
considering the final diagnosis. The data are presented as medians 
for the Mann–Whitney test or mean ± SD for Student’s t test, as 
indicated in the figure legends. The ROC curve analysis method 
was used to test the combined gene expression as molecular 
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FigUre 6 | BUB1B-PINK1, TCF21-BUB1B, and TCF21-PINK1 as predictors 
of overall survival. (a) The difference between BUB1B and PINK1 <0.24 
significantly (P = 0.008) discriminates 15 adult patients with a poor prognosis 
among 27 adrenocortical carcinomas (ACCs); (B) the difference between 
TCF21 and BUB1B >0.19 significantly (P = 0.004) discriminates 23 adult 
patients with a poor prognosis among 33 ACCs; and (c) the difference 
between TCF21 and PINK1 >−1.38 does not discriminate significantly 
(P = 0.59) among 33 ACC patients.
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predictors. The cut-off obtained was selected considering the best 
sensitivity and specificity. Due to the limitation to obtain tumor 
samples, cut-off points were obtained and tested in the same 
cohort. The log-rank test was used to demonstrate the applicabil-
ity of the cut-off in the groups analyzed. The event considered 
in the OS curve was cancer-related death. The critical value for 
significance of P < 0.05 was used throughout the study.

resUlTs

relative expression levels of TCF21, 
BUB1B, PINK1, and NR5A1 in samples  
of adult and Pediatric acTs
The relative expression of TCF21 transcripts was higher in 
adult ACA than in ACC (0.49 vs 0.18; P = 0.0005) (Figure 1A), 
in line with previous studies (4, 10). By contrast, the relative 
expression of BUB1B transcripts was higher in ACC than 
in ACA (1.17 vs 0.27; P <  0.0001) (Figure 1B), suggesting a 
negative correlation between TCF21 and BUB1B, as previously 
proposed (10). The relative expression of NR5A1 and PINK1 
(Figures  1C,D) was similar in adult ACC and ACA (0.57 vs 
0.86; P = 0.758; 0.42 vs 0.5; P = 0.247, respectively). In addi-
tion, the relative expression levels of TCF21, BUB1B, PINK1, 
and NR5A1 were similar in childhood ACTs, regardless of the 
group studied (Figures 2 and 3).

To test whether the induction of TCF21 expression affected 
BUB1B or PINK1 expression in the NCI-H295R ACC cell line, 
we performed RT-qPCR of BUB1B or PINK1 in cells transiently 
transfected with the expression vector pCMVMycPOD1. NCI-
H295R cells transfected with pcCMVMycPOD1 (Figure  4A) 
did not significantly affect NR5A1 expression (Figure  4B), in 
contrast to that observed previously (10), probably due to the 
experimental variation obtained. In addition, pcCMVMycPOD1 
transfection showed a tendency of reduction in BUB1B expres-
sion (Figure 4C), but did not significantly affect PINK1 expres-
sion (Figure 4D) compared with the control levels. The same test 
with different biological approach was performed in HEK-293 
and SW-13 cell lines transduced with CRISPR/Cas9/TCF21 
activation system, and TCF21 showed not reduction of BUB1B 
expression (Figure 10).

Molecular Predictors of Malignancy  
in adult acTs
We tested whether the ΔCtBUB1B − ΔCtPINK1 could discrimi-
nate between adenomas and carcinomas in our cohort. After 
removing from the analysis the patients whose data overlapped 
with the previous study of our group (15), we found significant 
differences (P = 0.0002; Mann–Whitney test) in the expression 
level of BUB1B-PINK1 (Figure  5A) between patients whose 
final diagnosis was adenoma (median = 2.67; n = 34) and those 
whose final diagnosis was carcinoma (median = −0.176; n = 27).  
To select the cut-off for BUB1B-PINK1 in our cohort, we applied 
the ROC curve analysis method (Figure 5B). The area under the 
curve (AUC) was 0.77 [95% confidence interval (CI): 0.65 to 0.90; 
P =  0.0003]. The cut-off determined was <0.24, with 55.6% of 
sensitivity and 97.1% of specificity.

Applying the same reasoning, we tested whether subtracting the 
expression level of TCF21 and BUB1B (ΔCtTCF21 − ΔCtBUB1B) 
could also discriminate between benign and malignant 
adult ACTs in the total cohort of adult patients. We found 
significant differences (P <  0.001; Mann–Whitney test) in the 
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FigUre 7 | Analysis of the subtraction gene expression of pediatric patients aged >5 years with adenomas (ACAs) and carcinomas (ACCs) to determine the 
prognosis. (a) ΔCtTCF21 and ΔCtBUB1B expression [median = 2.871; 95% confidence interval (CI): −1.284 to 5.267; P = 0.13] and (B) ROC curve test for 
TCF21-BUB1B; (c) ΔCtTCF21 and ΔCtPINK1 expression (median = 1.160; 95% CI: −1.928 to 6.446; P = 0.52) and (D) ROC curve test for TCF21-PINK1;  
(e) ΔCtTCF21 and ΔCtNR5A1 expression (median = 1.650; 95% CI: −0.650 to 3.905; P = 0.15) and (F) ROC curve test for TCF21-NR5A1.

expression level of TCF21-BUB1B (Figure 5C) between adeno-
mas (median = −3.41; n = 42) and carcinomas (median = 1.52; 
n = 33). The AUC obtained from the ROC curve test was 0.84 
(95% CI: 0.74 to 0.94; P < 0.0001; Figure 5D), and the cut-off 
determined was >0.19, with 69.7% of sensitivity and 97.6% of 
specificity. The analysis of ΔCtTCF21 − ΔCtPINK1 (Figure 5E) 
showed significant differences (P = 0.02; Mann–Whitney test) 
between ACA (median = −0.71; n = 42) and ACC (median = 1.36; 
n = 33). The AUC obtained from the ROC curve test was 0.66 

(95% CI: 0.54 to 0.79; P  =  0.016; Figure  5F), and the cut-off 
determined was >−1.38 with 75.8% of sensitivity and 38.1% of 
specificity.

TCF21-BUB1B as a Predictor of Os  
in adult carcinomas
Among the ACCs, subtraction of the expression level of BUB1B 
and PINK1 (ΔCtBUB1B  −  ΔCtPINK1) was a good predictor 
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FigUre 8 | Analysis of the subtraction gene expression of pediatric patients aged <5 years with adenomas (ACAs) and carcinomas (ACCs) to determine the 
prognosis. (a) ΔCtTCF21 and ΔCtBUB1B expression [median = −0.858; 95% confidence interval (CI): −4.799 to 2.314; P = 0.6] and (B) ROC curve test for 
TCF21-BUB1B; (c) ΔCtTCF21 and ΔCtPINK1 expression (median = −2.718; 95% CI: −5.263 to 0.577; P = 0.08) and (D) ROC curve test for TCF21-PINK1;  
(e) ΔCtTCF21 and ΔCtNR5A1 expression (median = −2.378; 95% CI: −4.323 to 0.588; P = 0.027) and (F) ROC curve test for TCF21-NR5A1.

of OS (14, 15). Applying the cutoff value <0.24 obtained for 
BUB1B-PINK1 to 27 adult patients with a malignant final diag-
nosis (Figure 6A), we found two groups with different survival 
times (log-rank test P  =  0.008). Accordingly, we applied the 
cut-off value >0.19 obtained for TCF21-BUB1B to 33 adult 
patients with a malignant final diagnosis (Figure 6B), and we 
could discriminate two groups with distinct survival times 
(log-rank test P = 0.004). The cutoff value >−1.38 obtained for 
TCF21-PINK1 was not associated with a statistically significant 
difference in OS (Figure 6C).

TCF21-NR5A1 as a Molecular Predictor  
of Malignancy in Pediatric acTs
To determine whether TCF21 could be used as a molecular 
predictor of malignancy in pediatric patients, we analyzed 
the subtraction expression level of TCF21-BUB1B, TCF21-
PINK1, and TCF21-NR5A1 in the pediatric cohort. These 
analyses did not show significant differences in the tumors of 
patients aged >5  years (Figure  7). In the cohort of pediatric 
patients aged <5  years, the subtraction expression level of 
TCF21-BUB1B and TCF21-PINK1 did not present significant 
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differences (Figures 8A–D). However, ΔCtTCF21 − ΔCtNR5A1 
(Figures 8E,F) showed significant differences (P = 0.026; Mann–
Whitney test) between adenomas (median = 4.06; n = 27) and 
carcinomas (median = 1.06; n = 6). The AUC value was 0.79 (95% 
CI: 0.59 to 0.99; P = 0.028), and the cut-off determined was <1.52 
with 66.7% of sensitivity and 92.6% of spe cificity. A poor outcome 
occurs when ΔCtTCF21 − ΔCtNR5A1 is <1.52. Due to the small 
number of carcinomas studied, in this case, the cutoff value was 
not applied as a predictor of OS.

The Os for Patients aged <5 Years  
is Markedly Favorable
In our cohort, the median survival for adult patients with carci-
noma was 41 months for adults (Figure 9). For pediatric patients 
aged >5 years with ACTs, the median survival was 23.3 months, 
while the median survival for patients aged <5  years was 
197.7 months. However, it was limited to the maximum follow-up 
time that was 230.07 months for this group. Therefore, as seen 
in Figure 9, the OS curves were significantly different (log rank 
P = 0.007) among the patients studied. In addition, the OS for 
patients aged <5  years was markedly favorable compared with 
that for patients >5 years and adult patients with carcinoma.

DiscUssiOn

Different authors have relied on RNA-based global gene expres-
sion profiles to identify molecular markers that differentiate 
malignant and benign adrenal tumors. Among these studies, de 
Reyniès et  al. (14) identified three molecular markers in adult 
ACTs, DLGAP5, BUB1B, and PINK1, and found that BUB1B is 
overexpressed in carcinomas. According to their data, the com-
bined expression of BUB1B and PINK1 was the best predictor of 
OS among carcinomas. Thereafter, BUB1B-PINK1 expression was 

validated in a different cohort of adult and pediatric patients (15). 
Giordano et  al. (4) identified the downregulation of TCF21 in 
ACCs in a microarray assay. In Franca et al. (10), we showed that 
TCF21 was markedly downregulated in adult ACCs compared 
with adenomas and normal tissue.

Here, we found that TCF21 was downregulated while BUB1B 
was upregulated in adult ACCs, in agreement with previous 
studies (10, 14). A previous study proposed that, among other 
cell cycle genes, BUB1B is negatively correlated with TCF21 
(10). We tested the causal relationship between TCF21 and 
BUB1B and could not confirm the negative correlation between 
these genes in different experimental approaches and cell lines 
overexpressing TCF21.

We also analyzed whether the subtraction expression level of 
TCF21-BUB1B and TCF21-PINK1 could distinguish between 
adenomas and carcinomas. The study of the subtraction expres-
sion levels of BUB1B-PINK1 and TCF21-BUB1B discriminated 
between adult adenoma and carcinoma in a similar pattern. 
In addition, among adult malignant tumors, the combined 
expression of TCF21 and BUB1B was a good predictor of OS. 
Accordingly, both BUB1B-PINK1 and TCF21-BUB1B seem reli-
able molecular markers to be used in the clinical evaluation of 
adult adrenal tumors.

We employed these new molecular markers and the combined 
expression of TCF21-NR5A1 to discriminate between benignant 
and malignant tumors in a cohort of pediatric ACTs. Increased 
NR5A1 copy number has been associated with childhood adreno-
cortical tumorigenesis (31, 32), although this increase does not 
correlate with NR5A1 protein levels (33). The functional role of 
NR5A1 extends beyond steroidogenesis because NR5A1 regu-
lates proliferation in adrenocortical cells, angiogenesis, extracel-
lular matrix adhesion, cytoskeleton dynamics, and apoptosis in 
the adrenal cortex (34). Although there was no difference in the 

FigUre 9 | Comparison of the overall survival of adults with adrenocortical carcinomas (ACCs) and pediatric patients with adrenocortical tumors (ACTs). Adult 
patients with carcinoma (n = 34), pediatric patients aged <5 years with ACTs (n = 35), and pediatric patients aged >5 years with ACTs (n = 15).
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FigUre 10 | RT-qPCR analysis to determine the relative gene expression of (a) transcription factor 21 (TCF21), (B) BUB1B in HEK-293, HEK-SCR (scramble), and 
HEK-T2 cells (signal guide RNA-sgRNAT2), (c) TCF21, and (D) BUB1B in SW13, SW13-SCR, and SW13-T2 cells. Statistical significance was assessed by ANOVA 
test on three pairs.

NR5A1 expression of adenomas and carcinomas in the cohort 
of patients <5  years of age, the subtraction expression level of 
TCF21-NR5A1 discriminates between benign and malignant 
tumors and may provide relevant information in addition to 
pathology analysis.

It is largely accepted that children have a better outcome 
than adolescents. As observed in the study by Wieneke and 
collaborators (18) in 83 pediatric tumors, there appears to be 
a biphasic age distribution with a poor clinical outcome in the 
group aged >5 years. In fact, we showed that the OS for patients 
aged <5  years was markedly favorable compared with that for 
patients aged >5 years and adult patients with carcinoma. This 
observation was utilized in the more recent study by Cecchetto 
et al. (35), where patients were separated in three different groups: 
<4 years, 4–10 years, and >10 years. Patients aged ≤4 years had 
a better outcome than the older ones. Indeed, <5 years patients 
have specific features distinguishing them from adolescent and 
adult tumors considering their genomic profiles and pathological 
and genetic mechanisms (36). Therefore, we suggest that separa-
tion between children and adolescents should be considered in 
future analysis.

In summary, we could not establish a consistent relationship 
between the analyzed genes for adult and pediatric tumors, 
although TCF21 transfection in the H295R cell line has shown a 
tendency of reduction in BUB1B expression. In addition, the sub-
traction of gene expression of TCF21 and BUB1B can be a good 
predictor of OS in adult carcinomas, whereas the TCF21-NR5A1 

can be a molecular predictor of malignancy in pediatric ACTs. 
Moreover, we confirm that patients aged <5 years showed more 
favorable OS than adolescent patients. Finally, our study sug-
gested a role of TCF21 in ACTs that should be explored in future 
studies.

eThics sTaTeMenT

This study was approved by the Ethics Committees of Hospital 
das Clinicas, Institute of Biomedical Sciences and Department of 
Pediatrics and School of Medicine of Ribeirão Preto, São Paulo, 
Brazil. Written informed consent was obtained from all the 
patients or from their parents.

aUThOr cOnTriBUTiOns

BP performed the experiments, analyzed the data, and wrote the 
manuscript; SA provided the pediatric samples; MA provided the 
adult samples; MF provided the adult and pediatric samples; CL 
idealized the study, analyzed the data, and wrote the manuscript.

acKnOWleDgMenTs

We are grateful to Antonio Marcondes Lerario, Laboratory of 
Hormones and Molecular Genetics (LIM42), School of Medicine, 
University of São Paulo, for assistance with the analysis of the 
results; Rosana D. Prisco, Institute of Biomedical Science, 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive


13

Passaia et al. TCF21/POD1 Expression in Adult and Pediatric ACTs

Frontiers in Endocrinology | www.frontiersin.org February 2018 | Volume 9 | Article 38

reFerences

1. Assie G, Letouze E, Fassnacht M, Jouinot A, Luscap W, Barreau O, et  al. 
Integrated genomic characterization of adrenocortical carcinoma. Nat Genet 
(2014) 46(6):607–12. doi:10.1038/ng.2953 

2. Zheng S, Cherniack AD, Dewal N, Moffitt RA, Danilova L, Murray BA,  
et al. Comprehensive pan-genomic characterization of adrenocortical carci-
noma. Cancer Cell (2016) 30(2):363. doi:10.1016/j.ccell.2016.07.013 

3. Faillot S, Assie G. ENDOCRINE TUMOURS: the genomics of adreno-
cortical tumors. Eur J Endocrinol (2016) 174(6):R249–65. doi:10.1530/
EJE-15-1118 

4. Giordano TJ, Kuick R, Else T, Gauger PG, Vinco M, Bauersfeld J, et  al.  
Molecular classification and prognostication of adrenocortical tumors by 
transcriptome profiling. Clin Cancer Res (2009) 15(2):668–76. doi:10.1158/ 
1078-0432.CCR-08-1067 

5. Quaggin SE, Vanden Heuvel GB, Igarashi P. Pod-1, a mesoderm-specific 
basic-helix-loop-helix protein expressed in mesenchymal and glomerular 
epithelial cells in the developing kidney. Mech Dev (1998) 71(1–2):37–48. 
doi:10.1016/S0925-4773(97)00201-3 

6. Quaggin SE, Schwartz L, Cui S, Igarashi P, Deimling J, Post M, et  al.  
The basic-helix-loop-helix protein Pod1 is critically important for kidney and 
lung organogenesis. Development (1999) 126(24):5771–83. 

7. Quaggin SE. Transcriptional regulation of podocyte specification and dif-
ferentiation. Microsc Res Tech (2002) 57(4):208–11. doi:10.1002/jemt.10076 

8. Lu J, Richardson JA, Olson EN. Capsulin: a novel bHLH transcription factor 
expressed in epicardial progenitors and mesenchyme of visceral organs. 
Mech Dev (1998) 73(1):23–32. doi:10.1016/S0925-4773(98)00030-6 

9. Robb L, Mifsud L, Hartley L, Biben C, Copeland NG, Gilbert DJ, et  al. 
Epicardin: a novel basic helix-loop-helix transcription factor gene expressed 
in epicardium, branchial arch myoblasts, and mesenchyme of developing 
lung, gut, kidney, and gonads. Dev Dyn (1998) 213(1):105–13. doi:10.1002/
(SICI)1097-0177(199809)213:1<105:AID-AJA10>3.0.CO;2-1 

10. Franca MM, Ferraz-de-Souza B, Santos MG, Lerario AM, Fragoso MC, 
Latronico AC, et al. POD-1 binding to the E-box sequence inhibits SF-1 and 
StAR expression in human adrenocortical tumor cells. Mol Cell Endocrinol 
(2013) 371(1–2):140–7. doi:10.1016/j.mce.2012.12.029 

11. Kim S, Yu H. Mutual regulation between the spindle checkpoint and APC/C. 
Semin Cell Dev Biol (2011) 22(6):551–8. doi:10.1016/j.semcdb.2011.03.008 

12. Lampson MA, Kapoor TM. The human mitotic checkpoint protein BubR1 
regulates chromosome-spindle attachments. Nat Cell Biol (2005) 7(1):93–8. 
doi:10.1038/ncb1208 

13. Sudakin V, Chan GK, Yen TJ. Checkpoint inhibition of the APC/C in HeLa 
cells is mediated by a complex of BUBR1, BUB3, CDC20, and MAD2. J Cell 
Biol (2001) 154(5):925–36. doi:10.1083/jcb.200102093 

14. de Reyniès A, Assie G, Rickman DS, Tissier F, Groussin L, Rene-Corail F, 
et al. Gene expression profiling reveals a new classification of adrenocortical 
tumors and identifies molecular predictors of malignancy and survival. 
J Clin Oncol (2009) 27(7):1108–15. doi:10.1200/JCO.2008.18.5678 

15. Fragoso MC, Almeida MQ, Mazzuco TL, Mariani BM, Brito LP, Goncalves TC,  
et al. Combined expression of BUB1B, DLGAP5, and PINK1 as predictors of 
poor outcome in adrenocortical tumors: validation in a Brazilian cohort of 
adult and pediatric patients. Eur J Endocrinol (2012) 166(1):61–7. doi:10.1530/
EJE-11-0806 

16. Pickrell AM, Youle RJ. The roles of PINK1, parkin, and mitochondrial 
fidelity in Parkinson’s disease. Neuron (2015) 85(2):257–73. doi:10.1016/ 
j.neuron.2014.12.007 

17. Unoki M, Nakamura Y. Growth-suppressive effects of BPOZ and EGR2, two 
genes involved in the PTEN signaling pathway. Oncogene (2001) 20(33): 
4457–65. doi:10.1038/sj.onc.1204608 

18. Wieneke JA, Thompson LD, Heffess CS. Adrenal cortical neoplasms in the 
pediatric population: a clinicopathologic and immunophenotypic analysis of 
83 patients. Am J Surg Pathol (2003) 27(7):867–81. doi:10.1097/00000478- 
200307000-00001 

19. Das S, Sengupta M, Islam N, Roy P, Datta C, Mishra PK, et  al. Weineke 
criteria, Ki-67 index and p53 status to study pediatric adrenocortical tumors: 
is there a correlation? J Pediatr Surg (2016) 51(11):1795–800. doi:10.1016/j.
jpedsurg.2016.07.014 

20. West AN, Neale GA, Pounds S, Figueredo BC, Rodriguez Galindo C, 
Pianovski MA, et al. Gene expression profiling of childhood adrenocorti cal 
tumors. Cancer Res (2007) 67(2):600–8. doi:10.1158/0008-5472.CAN- 
06-3767 

21. Hui XG, Akahira J, Suzuki T, Nio M, Nakamura Y, Suzuki H, et  al. 
Development of the human adrenal zona reticularis: morphometric and 
immunohistochemical studies from birth to adolescence. J Endocrinol (2009) 
203(2):241–52. doi:10.1677/JOE-09-0127 

22. Seron-Ferre M, Jaffe RB. The fetal adrenal gland. Annu Rev Physiol (1981) 
43:141–62. doi:10.1146/annurev.ph.43.030181.001041 

23. Havelock JC, Auchus RJ, Rainey WE. The rise in adrenal androgen biosynthesis: 
adrenarche. Semin Reprod Med (2004) 22(4):337–47. doi:10.1055/s-2004-861550 

24. Xing Y, Lerario AM, Rainey W, Hammer GD. Development of adrenal 
cortex zonation. Endocrinol Metab Clin North Am (2015) 44(2):243–74. 
doi:10.1016/j.ecl.2015.02.001 

25. Gazdar AF, Oie HK, Shackleton CH, Chen TR, Triche TJ, Myers CE, et al. 
Establishment and characterization of a human adrenocortical carcinoma 
cell line that expresses multiple pathways of steroid biosynthesis. Cancer 
Res (1990) 50(17):5488–96. 

26. Leibovitz A, McCombs WM III, Johnston D, McCoy CE, Stinson JC. New 
human cancer cell culture lines. I. SW-13, small-cell carcinoma of the adrenal 
cortex. J Natl Cancer Inst (1973) 51(2):691–7. 

27. Harrison T, Graham F, Williams J. Host-range mutants of adenovirus 
type 5 defective for growth in HeLa cells. Virology (1977) 77(1):319–29. 
doi:10.1016/0042-6822(77)90428-7 

28. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using 
real-time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods 
(2001) 25(4):402–8. doi:10.1006/meth.2001.1262 

29. Funato N, Ohyama K, Kuroda T, Nakamura M. Basic helix-loop-helix 
transcription factor epicardin/capsulin/Pod-1 suppresses differentiation by 
negative regulation of transcription. J Biol Chem (2003) 278(9):7486–93. 
doi:10.1074/jbc.M212248200 

30. Konermann S, Brigham MD, Trevino AE, Joung J, Abudayyeh OO, Barcena C,  
et  al. Genome-scale transcriptional activation by an engineered CRISPR-
Cas9 complex. Nature (2015) 517(7536):583–8. doi:10.1038/nature14136 

31. Almeida MQ, Soares IC, Ribeiro TC, Fragoso MC, Marins LV, Wakamatsu A, 
et al. Steroidogenic factor 1 overexpression and gene amplification are more 
frequent in adrenocortical tumors from children than from adults. J Clin 
Endocrinol Metab (2010) 95(3):1458–62. doi:10.1210/jc.2009-2040 

32. Figueiredo BC, Cavalli LR, Pianovski MA, Lalli E, Sandrini R, Ribeiro RC, et al. 
Amplification of the steroidogenic factor 1 gene in childhood adrenocortical 
tumors. J Clin Endocrinol Metab (2005) 90(2):615–9. doi:10.1210/jc.2004-0942 

33. Pianovski MA, Cavalli LR, Figueiredo BC, Santos SC, Doghman M,  
Ribeiro RC, et al. SF-1 overexpression in childhood adrenocortical tumours. 
Eur J Cancer (2006) 42(8):1040–3. doi:10.1016/j.ejca.2006.01.022 

University of São Paulo, for statistical analysis and Cintia 
Fridman, Department of Legal Medicine and Medical Ethics, 
School of Medicine, University of São Paulo, for STR DNA profil-
ing analysis in cell cultures.

FUnDing

BP is a recipient of a scholarship from FAPESP (no. 2013/23548-
1), the São Paulo State Research Foundation; CL received funding 

from FAPESP (no. 2011/07656-3 and 2015/014199-9) and from 
Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq).

sUPPleMenTarY MaTerial

The Supplementary Material for this article can be found online at 
http://www.frontiersin.org/articles/10.3389/fendo.2018.00038/
full#supplementary-material.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1038/ng.2953
https://doi.org/10.1016/j.ccell.2016.07.013
https://doi.org/10.1530/EJE-15-1118
https://doi.org/10.1530/EJE-15-1118
https://doi.org/10.1158/
1078-0432.CCR-08-1067
https://doi.org/10.1158/
1078-0432.CCR-08-1067
https://doi.org/10.1016/S0925-4773(97)00201-3
https://doi.org/10.1002/jemt.10076
https://doi.org/10.1016/S0925-4773(98)00030-6
https://doi.org/10.1002/(SICI)1097-0177(199809)213:1 < 105:AID-AJA10 > 3.0.CO;2-1
https://doi.org/10.1002/(SICI)1097-0177(199809)213:1 < 105:AID-AJA10 > 3.0.CO;2-1
https://doi.org/10.1016/j.mce.2012.12.029
https://doi.org/10.1016/j.semcdb.2011.03.008
https://doi.org/10.1038/ncb1208
https://doi.org/10.1083/jcb.200102093
https://doi.org/10.1200/JCO.2008.18.5678
https://doi.org/10.1530/EJE-11-0806
https://doi.org/10.1530/EJE-11-0806
https://doi.org/10.1016/j.neuron.2014.12.007
https://doi.org/10.1016/j.neuron.2014.12.007
https://doi.org/10.1038/sj.onc.1204608
https://doi.org/10.1097/00000478-
200307000-00001
https://doi.org/10.1097/00000478-
200307000-00001
https://doi.org/10.1016/j.jpedsurg.2016.07.014
https://doi.org/10.1016/j.jpedsurg.2016.07.014
https://doi.org/10.1158/0008-5472.CAN-
06-3767
https://doi.org/10.1158/0008-5472.CAN-
06-3767
https://doi.org/10.1677/JOE-09-0127
https://doi.org/10.1146/annurev.ph.43.030181.001041
https://doi.org/10.1055/s-2004-861550
https://doi.org/10.1016/j.ecl.2015.02.001
https://doi.org/10.1016/0042-6822(77)90428-7
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1074/jbc.M212248200
https://doi.org/10.1038/nature14136
https://doi.org/10.1210/jc.2009-2040
https://doi.org/10.1210/jc.2004-0942
https://doi.org/10.1016/j.ejca.2006.01.022
http://www.frontiersin.org/articles/10.3389/fendo.2018.00038/full#supplementary-material
http://www.frontiersin.org/articles/10.3389/fendo.2018.00038/full#supplementary-material


14

Passaia et al. TCF21/POD1 Expression in Adult and Pediatric ACTs

Frontiers in Endocrinology | www.frontiersin.org February 2018 | Volume 9 | Article 38

34. Lalli E, Doghman M, Latre de Late P, El Wakil A, Mus-Veteau I. Beyond 
steroidogenesis: novel target genes for SF-1 discovered by genomics. Mol Cell 
Endocrinol (2013) 371(1–2):154–9. doi:10.1016/j.mce.2012.11.005 

35. Cecchetto G, Ganarin A, Bien E, Vorwerk P, Bisogno G, Godzinski J,  
et al. Outcome and prognostic factors in high-risk childhood adrenocortical 
carcinomas: a report from the European Cooperative Study Group on 
Pediatric Rare Tumors (EXPeRT). Pediatr Blood Cancer (2017) 64(6):e26368. 
doi:10.1002/pbc.26368 

36. Lalli E, Figueiredo BC. Pediatric adrenocortical tumors: what they can tell us 
on adrenal development and comparison with adult adrenal tumors. Front 
Endocrinol (2015) 6:23. doi:10.3389/fendo.2015.00023 

Conflict of Interest Statement: The authors declare that there is no conflict of 
interest that could be perceived as prejudicing the impartiality of the research 
reported.

Copyright © 2018 Passaia, Dias, Kremer, Antonini, Almeida, Fragoso and Lotfi. 
This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) and the copyright owner are credited 
and that the original publication in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduction is permitted which does not 
comply with these terms.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1016/j.mce.2012.11.005
https://doi.org/10.1002/pbc.26368
https://doi.org/10.3389/fendo.2015.00023
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	TCF21/POD-1, a Transcritional Regulator of SF-1/NR5A1, as a Potential Prognosis Marker in Adult and Pediatric Adrenocortical Tumors
	Introduction
	Materials and Methods
	Patients
	Cell Cultures
	Quantitative Real-time PCR
	Transfection Assay
	Transduction Assay for CRISPR/dCas9 Activation System
	Statistical Analysis

	Results
	Relative Expression Levels of TCF21, BUB1B, PINK1, and NR5A1 in Samples 
of Adult and Pediatric ACTs
	Molecular Predictors of Malignancy 
in Adult ACTs
	TCF21-BUB1B As a Predictor of OS 
in Adult Carcinomas
	TCF21-NR5A1 As a Molecular Predictor 
of Malignancy in Pediatric ACTs
	The OS for Patients Aged <5 Years 
Is Markedly Favorable

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	Supplementary Material
	References


