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ABSTRACT
TERT promoter C228T and C250T mutations occur in various malignancies 

including bladder cancer (BC) and may serve as urinary tumor markers. However, 
the mutation association with clinical variables in upper tract urothelial carcinomas 
(UTUCs) is unclear. There is also a lack of sensitive tools to detect the minor mutant 
TERT promoter in bulk urinary DNA. Here we analyzed 220 UTUC patients [98 with 
renal pelvic carcinoma (RPC) and 122 with ureter carcinoma (UC)] and developed a 
Competitive Allele-Specific TaqMan PCR (castPCR) for urinary assay. We identified 
C228T or C250T mutations in 42 of 98 (43%) RPC and 23 of 122 (19%) UC tumors. 
Distant metastases were significantly correlated with UTUC patients harboring TERT 
promoter mutations (P = 0.001). C228T were detected in 6/10 and 9/10 of urine 
samples from patients with mutation-carrying tumors using Sanger sequencing 
and castPCR, respectively. When urine samples from 70 BC patients were analyzed 
together, the sensitivity of urinary C228T assay was 89% and 50% for castPCR and 
Sanger sequencing, respectively (P < 0.001). Collectively, TERT promoter mutations 
occur in UTUCs with a high frequency in RPCs and predict distant metastasis. castPCR 
assays of the mutation are a useful tool for urine-based diagnostics of urological 
malignancies.

INTRODUCTION

The cancer-specific expression of telomerase reverse 
transcriptase (TERT) and telomerase activation play a 
pivotal role in malignant transformation and progression, 
and therefore, the underlying mechanism has been 
extensively investigated [1–3]. Recently, hotspot mutations 

in the TERT promoter namely C228T and C250T were 
identified in various human malignancies including 
urological tumors and the mutations create de novo ETS1 
binding motifs, thereby facilitating TERT transcription 
and telomerase activation in cancer cells [4–16].  
Because the mutations are not present in normal cells or 
tissues, their detection shows a great promise for cancer 
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diagnostics and disease surveillance. Up to 84% of 
bladder cancer (BC) carry TERT promoter mutations and 
the mutant sequence is detectable in voided urine from 
mutation-positive BC patients [7, 8, 11]. Thus, the TERT 
promoter mutation may serve as a urinary biomarker in BC 
diagnostics. In addition, the presence of TERT promoter 
mutations has also been demonstrated to be associated 
with poor patient outcome in several types of cancer 
including BC [12, 13, 17, 18]. The accumulated data 
have collectively suggested that the detection of TERT 
promoter mutations has important clinical implications.

Upper tract urothelial carcinomas (UTUCs), like BC, 
are derived from the urothelium or belong to transitional 
cell carcinomas and consist predominantly of renal pelvic 
carcinomas (RPCs) and ureter carcinomas (UTs) [19, 20]. 
Compared to BC, UTUC is less frequent and comprises < 
10% of urothelial carcinomas, however, the incidence has 
increased over the past two decades, and moreover, most 
UTUCs have become invasive when discovered, mainly 
due to lack of early clinical symptoms and of useful 
diagnostic tools [20]. Hence, the identification of reliable 
bio-markers and development of accurate urine-based 
diagnostics of UTUCs is a demanding task to improve 
clinical management and patient outcomes.

Most UTUCs exhibit telomerase activation and 
express TERT [21], and a few studies based on very 
limited numbers of UTUC patients also showed the 
presence of TERT promoter mutations [9, 10, 12]. 
However, the relationship between TERT mutation status 
and clinical variables in UTUCs has never been explored. 
In addition, it remains unclear whether TERT promoter 
mutations occur in both RPCs and UCs, and whether they 
are detectable in patients’ urine, as seen in BC and can 
be used as a diagnostic marker for UTUCs. The present 
study was designed to address these clinically-relevant 
issues. Moreover, given the published observation that 
the sensitivity for detection of the mutant TERT promoter 
in BC urine by Sanger sequencing is low [9, 10], we 
developed a Competitive Allele-Specific TaqMan PCR 
(castPCR) [22] (http://tools.lifetechnologies.com/content/
sfs/brochures/cms_095916.pdf.) to improve the sensitivity 
of the patient urine assay.

RESULTS

Differential TERT promoter mutation rate 
between RPCs and UCs

Tumor DNA derived from 220 patients with UTUC 
was analyzed for the TERT promoter status using Sanger 
sequencing. A total of 61 patients (27%) were identified 
to harbor TERT promoter mutations in their tumors 
(Tables 1 and 2, Fig. 1A and 1B). Forty-two of 98 (43%) 
RPC tumors carried TERT promoter mutations, in which 
38 were C228T and 4 were C250T; while only 23 of 122 
(19%) UC tumors had the mutation (15 cases with C228T 

and 8 with C250T). Hence, TERT promoter mutations 
occur much more frequently in RPCs than in UCs. C228T 
mutation was predominant and mutually exclusive with 
C250T in UTUC tumors.

The association of TERT promoter mutations 
with clinical variables in UTUCs

We then determined a potential relationship between 
TERT promoter mutations and clinical variables in patients 
with UTUC. Mutations increased in frequency with age in 
patients with UCs (P = 0.001) but not in RPCs (Tables 1 
and 2). The distribution of sex, tumor size, clinical and 
pathological stages and local lymph node infiltration did 
not differ significantly between RPC or UC patients with 
and without TERT promoter mutations. In both RPCs and 
UCs, however, distant metastasis was closely associated 
with the presence of TERT promoter mutations: All 4 RPC 
patients with distant metastasis were mutation-positive 
whereas none of 56 patients with a wild-type TERT 
promoter had metastatic disease (P = 0.013, Fisher exact 
test, Table 1). Three of 23 (13%) UC patients who had 
distant metastasis carried a C228T mutation while this was 
observed in only 2 of 99 (2%) mutation-negative tumors 
(P = 0.046, Table 2). Altogether, distant metastatic disease 
occurred in eight of 64 (12.5%) and 2 of 155 (1.3%) 
patients with tumors carrying and lacking TERT promoter 
mutations, respectively (P = 0.001, X 2 test).

Detection of TERT promoter mutations in urine 
from patients with UTUC by Sanger sequencing

Having identified TERT promoter mutations in RPC 
and UC tumors, we sought to probe whether they could be 
detected in the urine of these patients. Urinary DNA from 
36 patients with UTUC (16 RPCs and 20 UCs) collected 
prior to surgical treatment was first analysed (Tables 3 
and 4). In 16 RPC patients with urine samples available, 
8 had mutation-positive tumors and remaining 8 tumors 
were wild-type. Sanger sequencing showed that the mutant 
TERT promoter was detectable in urine samples from 4 of 
8 patients with mutation-positive RPC (Table 3, Fig. 2B). 
Large-sized tumors tended to be more easily detected (5.4 
± 2.3 vs 3.8 ± 2.3), but the difference was not significant 
(P = 0.26) (Table 3). Of note, the mutant TERT sequence 
was also found in one of 8 urine specimens from 8 cases 
with mutation-negative RPC. Two of twenty analysed UC 
tumors carried the C228T mutation, and the same mutation 
was detected in their urine, too (Table 4, Fig. 2B). The 
Sanger sequencing result revealed the presence of a wild-
type TERT promoter in the remaining 18 urine samples 
from 18 UC patients with a wild-type TERT promoter. In 
addition, we also consecutively collected urine samples 
from 4 RPC and 9 UC patients one week after surgery 
and all three patients with mutation-positive urine samples 
prior to operation became negative following surgical 
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resection of tumors (Tables 3 and 4). Altogether, Sanger 
sequencing yields a 60% sensitivity and 96% specificity 
for urine detection of TERT promoter mutations in UTUC 
patients (Table 5).

castPCR detection of TERT promoter mutations 
in urine from patients with UTUC

To potentially improve the capacity to detect TERT 
promoter mutations in the urine from UTUC patients, we 
applied castPCR, a sensitive PCR-based technique for 
a low abundance of mutant genes [22]. To do this, we 
first compared the sensitivity and specificity of Sanger 
sequencing and castPCR by using mixed DNA from 
one C228T-positive and one wild-type TERT promoter-
carrying thyroid cancer line. The threshold limit for 
castPCR and Sanger sequencing detection was 2.5% and 
10% of mutant alleles present in mixed DNA samples, 

respectively (Fig. 2A, 2C and 2D, and Fig. 3), which 
indicate at least four-fold higher detection sensitivity by 
castPCR than by Sanger sequencing (Fig. 2A and 2D). 
Thus, we then employed castPCR to determine TERT 
promoter mutations in urine samples from 36 patients as 
described above (Tables 3 and 4). The castPCR analysis 
showed the presence of C228T mutations in 9 of 10 urine 
samples from patients with C228T-positive tumors prior to 
operation (Tables 3 and 4, Fig. 2E). Among these 9 castPCR 
C228T positive urine samples, 3 were undetectable using 
Sanger sequencing. Thus, the assay sensitivity for castPCR 
reached 90%, substantially higher than the recorded 60% 
using Sanger sequencing. Thirty-four of 37 urine samples 
collected before and after surgery from 26 patients with 
tumors harbouring a wild-type TERT promoter were 
documented as mutant-negative by castPCR. The sensitivity 
and specificity of the castPCR assay in this serial of patients 
were 90% and 92%, respectively (Table 5).

Table 1: Clinical and disease characteristics in relation to TERT promoter mutations in patients 
with renal pelvic carcinoma.

TERT promoter mutation

Variable informative cases (n = ) Mutated (n = 42) wild-type (n = 56) P-value

Age (years) at diagnosis (n = 98)

 Mean (± SD) 61.90 ± 10.031 63.96 ± 11.207 n.s. (0.349)

 Median (range) 64 (36 – 82) 65.5 (40 – 85)

Sex (n = 98) n.s. (0.646)

 Female 14 30

 Male 28 26

TNM stage (n = 98) n.s. (0.216)

pTa + pT1 6 14

≥ pT2 36 42

Pathology stage (n = 98) n.s. (0.239)

G2 13 11

G3 29 45

Tumor size (n = 93) n.s. (0.825)

 < 3cm 13 16

 ≥ 3 cm 27 37

Distant metastases (n = 98) 0.013

 Yes 5 0

 No 37 56

Lymph node infiltration (n = 98) ns.(0.069)

 Yes 0 5

 No 42 51  

n.s. = not statistically significant; Significant P-values are indicated in bold
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The verification of the sensitivity and specificity 
for the castPCR assay in urine from BC patients

A high sensitivity and specificity of urinary 
detection of C228T mutation by castPCR, as seen above, 
was based on the analysis of only 36 UTUC patients, and 
further verification of the castPCR assay was therefore 
required. For this purpose, we examined 70 urine and 
tumor samples obtained from 70 patients with BC at 
diagnosis. The patient clinical features were provided in 
Supplementary Table S1. The Sanger sequencing revealed 
that 41 of 70 BC tumors harboured TERT promoter 
mutations. In these 41 mutation-carrying tumors, 36 
were C228T mutation and Sanger sequencing of urinary 
DNA samples from these 36 patients demonstrated that 
17 of them (17/36, 47%) contained C228T mutant, too 
(Supplementary Table S1). The castPCR assay showed 
that 31 of these 36 urine specimens (86%) were positive 

for C228T mutation (Sanger vs castPCR, P = 0.003, 
Table 5). Both Sanger sequencing and castPCR assays 
were highly specific (Table 5).

Taken together, both sets of urine analyses of UTUC 
and BC patients demonstrate that the castPCR detection of 
urinary C228T mutation significantly increased sensitivity 
and accuracy without compromising specificity. The 
overall sensitivity was 89% (75 – 96%, 95% CI) and 
50% (35 – 65%) for castPCR and Sanger sequencing 
(P < 0.001), while their specificity was 97% and 98%, 
respectively (P = 0.48) (Table 5).

DISCUSSION

The identification of recurrent TERT promoter 
mutations in human malignancies has significantly 
contributed to the understanding of the cancer-specific 

Table 2: Clinical and disease characteristics in relation to TERT promoter mutations in patients 
with ureter carcinoma.

TERT promoter mutation

Variable informative cases (n = ) Mutated (n = 23) wild-type (n = 99) P-value

Age (years) at diagnosis (n = 122)

 Mean (± SD) 72.39 ± 8.994 65.05 ± 9.612 0.001

 Median (range) 75(55 – 87) 67 (32 – 87)

Sex (n = 122) n.s. (0.632)

 Female 7 38

 Male 16 61

TNM stage (n = 122) n.s. (0.589)

pTa + pT1 4 25

≥ pT2 19 74

Pathological stage (n = 122) n.s. (1.000)

G2 6 24

G3 17 75

Tumor size (n = 101) n.s. (0.623)

 < 3cm 10 46

 ≥ 3 cm 10 35

Distant metastases (n = 122) 0.046

 Yes 3 2

 No 20 97

Lymph node infiltration (n = 122) ns.(0.686)

 Yes 1 9

 No 22 90

n.s. = not statistically significant; Significant P-values are indicated in bold.
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TERT expression. Biologically, the finding of TERT 
promoter mutations reveals a novel mechanism activating 
telomerase in oncogenesis. Mutation create de novo ETS 
binding motifs and facilitates TERT transcription, thereby 
leading to telomerase activation [6, 10]. Clinically, the 
mutation is widespread in certain types of cancer, and 
likely serves as a useful diagnostic and/or prognostic 
marker [7–9].

The present study shows a high rate of TERT 
promoter mutations in UTUC tumors, particularly in 
RPCs where the mutation frequency reached 43%. To 
our knowledge, TERT appears to be the most commonly 
mutated gene ever reported in RPCs. The presence of 
TERT promoter mutations was closely associated with 

distant metastases in both RPCs and UCs. Moreover, 
the mutant sequence is detectable in patients’ urine. 
Collectively, our findings indicate that the TERT 
promoter mutation assay has potentially important clinical 
implication in UTUCs.

Both UTUCs and BCs originate from the 
urothelium and belong to transitional cell carcinomas 
[19, 20]. They also share common genetic alterations, 
such as the mutation of fibroblast growth factor receptor 
3 (FGFR3) [23]. It was shown that the selective TERT 
promoter mutational profile was associated with tumor 
histology and tissue of origin [7, 12], and it is thus 
surprising to observe a low frequency of TERT promoter 
mutations in UCs. Up to 84% of BC tumors carry TERT 

Figure 1: TERT promoter C228T and C250T mutations identified in renal pelvic and ureter carcinomas (RPCs and 
UCs). (A) Location of C228T and C250T (in red) in the TERT core promoter. TSS and ATG: Transcription and translation start sites, 
respectively. The mutations create de novo binding motifs (GGAA) for the transcription factor ETS1. (B) Sequencing chromatographs of 
the TERT promoter locus in tumor genomic DNA from two RPC and 2 UC patients obtained by Sanger sequencing. Left panel: C to T 
transition at C250. Right panel: C to T transition at C228.
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promoter mutations [11], which is four-fold higher 
than that observed in UC tumors (Fig. S1). Further 
investigations are required to elucidate the mechanism 
behind differential TERT promoter mutations between 
these two closely related malignancies with the same 
origin.

The striking correlation between TERT promoter 
mutations and distant metastases in UTUCs suggests a role 
of TERT in UTUC dissemination. Likely, the promoter 
mutation-induced TERT expression provides cancer cells 
with a proliferation advantage by stabilizing telomere size. 
Wu et al [10] showed that BC cells with either C228T or 
C250T mutations acquired enhanced cellular motility. In 
addition, TERT displays multiple activities independently 
of telomere lengthening and is capable of protecting cancer 
cells from apoptosis stimulated by various insults or 
stresses [24–30]. More importantly, TERT could directly 
promote cancer cell invasion and metastasis by inducing 
epithelial-mesenchymal transition [31]. Taken together, 
the TERT promoter mutation-mediated TERT expression 
may contribute to remote metastases of cancer cells via 

both telomere lengthening-dependent and independent 
mechanisms.

Urine-based tests are a non-invasive diagnostic 
tool for urological malignancies including BC and 
UTUC [7, 8, 19]. Since normal human cells lack 
TERT promoter mutations, they are likely ideal urinary 
markers for diagnosis and disease monitoring of these 
urological cancers [7–9]. Direct sequencing such as 
Sanger sequencing is regarded as a gold standard for the 
identification of mutant targets, however, voided urine 
contains both normal and malignant cells, and if the 
latter fraction is too small, it might be difficult to catch 
the mutant target by Sanger sequencing. Such a scenario 
is expected with small either primary or recurring 
tumors producing few exfoliated tumor cells. Thus, this 
motivated us to develop more sensitive assays to detect 
minor proportions of mutant alleles present in bulk urinary 
DNA. Based on the cell line titration test, the threshold 
sensitivity of Sanger sequencing is at least 10% of mutant 
TERT promoter-containing tumor DNA while castPCR 
could increase the detection limit to 2.5%. Consistent with 

Table 3: TERT promoter mutations detected in both tumor and urine samples from RPC patients.
Case 
number

Sex 
M / F

Age at 
diagnosis 

(year)

Tumor 
size(CM)

TNM 
stage

TERT promoter mutation

Tissue Preoperative urine Postoperative urine

Sanger castPCR Sanger castPCR

RPC-1 F 68 3.5 T1N0M0 wt wt wt wt wt

RPC-2 F 66 3 T1N0M0 wt wt wt NA NA

RPC-3 F 61 10 T1N0M0 wt wt wt NA NA

RPC-4 M 71 8 T3N0M0 C228T C228T C228T NA NA

RPC-5 M 43 5.5 T3N0M0 C228T wt C228T NA NA

RPC-6 M 65 1.8 T1N0M0 wt wt wt wt wt

RPC-7 F 82 6 T2N0M0 C228T C228T C228T wt wt

RPC-8 M 79 1 T1N0M0 wt wt C228T NA NA

RPC-9 M 71 3.5 T3N0M0 C228T wt C228T NA NA

RPC-10 M 63 5 T4N0M0 C228T C228T C228T wt wt

RPC-11 M 64 2.5 T3N0M0 C228T C228T C228T NA NA

RPC-12 M 64 3 T2N0M0 C228T wt wt NA NA

RPC-13 F 67 3.2 T1N0M0 C228T wt C228T NA NA

RPC-14 M 80 4.8 T3N0M0 wt wt wt NA NA

RPC-15 F 73 4.5 T2N0M0 wt wt wt NA NA

RPC-16 M 57 2 T3N0M0 wt C228T C228T NA NA

RPC, Renal pelvic carcinoma; M, Male; F, Female; castPCR, Competitive Allele-specific TaqMan PCR; NA, Not available; 
wt, Wild type; Sanger, Sanger sequencing
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the titration result, patients’ urine tests showed 60% and 
90% of detection sensitivity with Sanger sequencing and 
castPCR, respectively. However, castPCR yielded 92% 
specificity, slightly lower than Sanger sequencing (97%). 
Similar results were also obtained from the analysis of 70 
BC urine specimens. Further optimization of the castPCR 
assay will improve its detection accuracy.

In summary, TERT promoter mutations occurred in 
43% and 19% of RPC and UC tumors, respectively. The 
presence of TERT promoter mutations predicts metastatic 
disease in UTUCs. The castPCR assay exhibited a high 
sensitivity and specificity for detection of the mutant TERT 
promoter in urine from RPC and BC patients. These results 
may have important clinical implications in the diagnostics 
and management of patients with urological malignancies.

MATERIALS AND METHODS

Patients and tumor specimens

The study was conducted on 98 patients with RPC 
and 122 patients with UC who underwent surgery at 
Shandong University Qilu Hospital and Second Hospital, 
China. RPC and UC were diagnosed according to the 
criteria of the World Health Organization [32]. Patients’ 
characteristics are summarized in Tables 1 and 2. The 
specimens were collected after surgical treatment and 
kept frozen at -70 °C or paraffin-embedded until use. All 
samples were collected with written informed consent and 
the study was approved by the Institutional research ethics 
committee.

Table 4: TERT promoter mutations detected in both tumor and urine samples from UC patients.
Case 
number

Gender 
M / F

Age at 
diagnosis 

(year)

Tumor 
size

(CM)

TNM 
stage

TERT promoter mutation

Tissue Preoperative urine Postoperative urine

Sanger sequencing castPCR Sanger 
sequencing castPCR

UC-1 M 67 2.5 T2N0M0 wt wt wt NA NA

UC-2 F 72 0.3 T1N0M0 wt wt wt NA NA

UC-3 F 68 1.7 T3N0M0 wt wt wt NA NA

UC-4 M 71 1.2 TaN0M0 wt wt wt NA NA

UC-5 M 67 4 T3N0M0 wt wt wt NA NA

UC-6 M 61 2 T1N0M0 wt wt C228T NA NA

UC-7 F 68 4.5 T1N0M0 wt wt wt NA NA

UC-8 M 78 4.5 TaN0M0 C228T C228T C228T NA NA

UC-9 F 67 1.6 T3N0M0 wt wt wt NA NA

UC-10 F 54 4 T3N2M1 wt wt wt wt wt

UC-11 M 65 3.5 T3N0M0 wt wt wt NA NA

UC-12 M 50 2.2 T2N0M0 wt wt wt wt wt

UC-13 F 58 1.9 T3N0M0 wt wt wt wt wt

UC-14 M 49 3 T1N0M0 wt wt wt wt wt

UC-15 M 70 4 T2N0M1 wt wt wt wt wt

UC-16 F 65 1.7 T2N0M0 Wt wt wt wt wt

UC-17 F 61 1.6 T1N0M0 Wt wt wt wt wt

UC-18 F 61 5 T2N0M0 wt wt wt wt wt

UC-19 M 57 1.5 T1N0M1 C228T C228T C228T wt wt

UC-20 M 69 3.7 T3N0M0 wt wt wt NA NA

UC, Ureter carcinoma; M, Male; F, Female; castPCR, Competitive Allele-specific TaqMan PCR; NA, Not available; Wt, Wild type.
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Figure 2: The increased sensitivity for the castPCR detection of C228T mutation in urine derived from patients with 
renal pelvic and ureter carcinomas (RPCs and UCs). MT and WT, Mutant and wild type TERT promoters, respectively. (A) The 
detection sensitivity of TERT promoter mutations as determined by Sanger sequencing. DNA derived from thyroid cancer cells with 
(homozygous) C228T mutation and with a wt TERT promoter was mixed as indicated and the promoter region then sequenced using Sanger 
sequencing. The detectable load of mutant DNA by Sanger sequencing was minimally 10%. (B) Sequencing chromatographs of the TERT 
promoter locus in urine DNA from one renal pelvic carcinoma (RPC) and one ureter carcinoma (UC) patient, as determined by Sanger 
sequencing. C228T mutation was shown. (C) Schematic illustration of the castPCR detection of C228T mutation. The C228T and wt 
(reference) allele assays are performed with the allele-specific primer (ASP), locus-specific primer, allele-specific blocker (ASB) and locus-
specific Taqman probe (LST). In mutant assays, ASB prevents wt TERT promoter sequences from PCR amplification. (D) Representative 
amplification plots for the assay of different proportions of C228T mutant allele as determined by castPCR. Mixed DNA as above in 
(A) was analyzed for the presence of the C228T mutation using castPCR. Left panel: The amplification plots for the wt (reference) TERT 
promoter. 99%, 97.5%, 95% and 75% wt DNA-containing mixtures were amplified using LSP primers and wild type plots were generated. 
Of note, pure (100%) and 99% mutant DNA only yielded background signals. Right panel: The amplification plots for the mutant TERT 
promoter. The same DNA mixtures as described above were amplified using ASP primers and mutant amplification plots were generated. 
The CT value was inversely correlated with % of the mutant alleles. Of note, pure (100%) and 99% wt DNA-containing mixtures only 
gave rise to background signals. (E) C228T mutation-positive (Left) and Negative (Right) urine as revealed by castPCR. Shown are 
representative castPCR results obtained from two RPC patients’ urine samples.
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Voided urine samples from patients with RPC 
and UC

Spontaneously voided urine was collected from 
16 RPC and 20 UC patients prior to surgical treatment. 
In 13 of these 36 patients, urine was also consecutively 
obtained one week post-operation. Fifty ml of urine were 
centrifuged and cell pellets were kept at -70 °C until use.

DNA extraction and sequencing

Genomic DNA was extracted from frozen and/or 
paraffin-embedded tumor samples and urine pellets using 
QIAGEN DNA extraction kits.The two hotspot mutations 
defined as C228T and C250T in the TERT core promoter 
correspond to positions 124 and 146 bp upstream of the 
ATG site (Fig. 1A). The target region covering these 
two hotspots were amplified using conventional PCR 
followed by Sanger sequencing as described [18, 31]. 
The PCR was performed with the following primer 
pairs: 5’-CACCCGTCCTGCCCCTTCACCTT-3’ and 5’- 
GGCTTCCCACGTGCGCAGCAGGA-3’. The mutations 
were verified by sequencing from both directions.

castPCR

castPCR analysis was performed by using ABI 
7900 Real-time PCR system. Ten μl of PCR reaction 
volume in 384 wells plate included 5 μl of 2 × TaqMan 
genotyping master mixture, 1 μl of 10 × Assay Mixture 
buffer (mutant or wt), 2 μl H2O and 20 ng DNA template 
(diluted to 10ng/μl). Thermo cycling conditions were: 
95°C for 10 mins, then (92°C for 15s and 58°C for 
1 min) × 5 cycles followed by additional 45 cycles 
with 92°C for 15s and 60°C for 1 min. The PCR result 
was analyzed with the SDS 2.4 software program and 
Mutation Detector Software 2.0 (Life Technologies) 
(http://tools.lifetechnologies.com/content/sfs/brochures/
cms_095916.pdf.). To test the sensitivity and specificity 
of the mutant TERT promoter detection by castPCR, 
urinary DNA from UTUC patients was analyzed for 
C228T mutation using castPCR and Sanger sequencing, 
and the obtained results were then compared based 
on the TERT promoter status in tumors. In addition, 
the sensitivity and specificity of the castPCR assay 
was further evaluated by assessing urine and tumor 
specimens derived from 70 patients with BC.

Figure 3: Correlation between the abundance of the mutant C228T and CT values by castPCR. Mixed DNA from one 
C228T-positive (U-hth 7) and one wild-type TERT promoter-carrying (ARO) thyroid cancer line was analyzed using castPCR. The 
percentage of C228T was in general correlated with CT values. The threshold abundance was 2.5% of the mutant. The result was based on 
three independent assays. Bars: SD.
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Statistical analyses

Differences in the TERT promoter mutation 
frequency in relation to sex, clinical and pathological stage 
were determined using Fisher’s exact or X 2 test. Student’s 
T-test was used to analyze differences in age and tumor 
size between the TERT promoter mutation-positive and 

negative groups, respectively. Sensitivity and specificity 
differences between castPCR and Sanger sequencing 
assays were evaluated using McNemar’s Test. All the 
tests were two-tailed and computed using SigmaStat3.1® 
software (Systat Software, Inc., Richmond, CA). P values 
of < 0.05 were considered as statistically significant.

Table 5: Concordance of C228T mutation between tumor tissues and urine samples as determined 
using Sanger sequencing and castPCR.

Tumor tissues

UTUC Sanger Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 6 1 60% (26 – 88%*) 97% (86 – 100%) 89%

WT 4 36

Total 10 37

castPCR Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 9 3 90%(56 – 100%) 92% (78 – 98%) 94%

WT 1 34

Total 10 37

Tumor tissues

BC Sanger Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 17 0 47% (30 – 65%) 100% (89 –100%) 73%

WT 19 33

Total 36 33

castPCR Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 31 1 86% (67 – 94%) 97% (82 – 100%) 90%

WT 5 32

Total 36 33

Tumor tissues

UTUC + BC Sanger Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 23 1 50% (35 – 65%) 98% (92 – 100%) 76%

WT 23 69

Total 46 70

castPCR Mutant WT Sensitivity Specificity Accuracy

Urine samples Mutant 40 3 89% (74 – 96%) 96% (88 – 99%) 91%

WT 6 67

Total 46 70

McNemar’s Test for differences between Sanger sequencing and castPCR assays
Sensitivity: UTUC, P = 0.37; BC, P = 0.003; UTUC +BC: P < 0.001.
Specificity: UTUC, BC and UTUC + BC: P ≥ 0.48.
*95% confidence intervals.
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