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Background: Telomere is essential for chromosomal stability and its length has been proven to be related 
to prognosis in many malignant tumors. This study aims to investigate the relevance of telomere length with 
clinical and pathologic features and its prognostic value in colorectal cancer (CRC).
Methods: Telomere status of CRC and adenoma cells were measured by telomere-specific quantitative 
fluorescent in situ hybridization (Q-FISH). The relative telomere length (RTL) was calculated as the mean 
telomere fluorescent intensity units (TFUs) in carcinoma cell divided by the TFU in cancer-associated 
fibroblast cell (CAF).
Results: One hundred CRC patients, who were received surgery treatment during 2013 to 2014 and 
fifty-seven patients who underwent the examination of colonoscope and were confirmed as adenoma were 
enrolled. TFUs of carcinoma cell and CAF were statistically significantly lower than in adjacent mucosa cell 
(P=0.0079). Although there was no difference between the three kinds of adenoma cells (P=0.5457), TFU in 
adenoma cells was significantly lower than in CAF (P<0.0001) and independent with age. TFU and the RTL 
were statistically significantly lower in adenoma cells than in carcinoma (all P<0.0001). TFU of carcinoma 
cell in distant metastases patients were significantly lower than that without distant metastases patients 
(P=0.002). When cut by the median value of TFU of carcinoma cell and RTL, patients with a lower TFU 
or RTL had statistically significantly poorer overall survival (OS) (P=0.0027, HR: 4.6, 95% CI: 1.9–11.0; 
P=0.0163, HR: 2.95, 95% CI: 1.22–7.12) and disease-free survival (DFS) (P=0.0057, HR: 3.14, 95% CI: 
1.40–7.06; P=0.0271, HR: 2.49, 95% CI: 1.11–5.59, respectively) than those patients with higher TFU or 
RTL. On multivariate analysis, the TFU of carcinoma cell was proved to be an independent prognostic value 
both for OS and DFS (P=0.0005, HR: 4.975, 95% CI: 1.616–15.385; P=0.007, HR: 3.57, 95% CI: 1.410–
9.010).
Conclusions: The length of telomere in carcinoma and adenoma cells were consistently shorter and 
the telomere changes were early carcinogenesis event, even the epithelial cells were morphologically not 
malignant. The length of telomere was associated with tumor metastases and prognosis, suggesting telomere 
probably was an important cue of the biological behavior of CRC.
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Introduction

Colorectal cancer (CRC) is the third most common 
cancer and the second cause of cancer death worldwide 
and 883,200 deaths are estimated to have occurred in 
2018 (1). Great progress has made, such as increased 
awareness and early detection, improved treatments on 
surgery and chemotherapy, which have all contributed to 
prolonged survival though, CRC is still the most common 
cause of cancer-related deaths. CRC involves multi-step 
transformation of normal colon tissue to precancerous 
polyps or adenomas and finally to a malignant neoplasm. 
Not all polyps or adenomas are evolved into CRC, but for 
most colorectal malignancies, clinical and epidemiological 
evidences clearly indicate that they are the precursor 
lesions (2). In the progression of adenoma-carcinoma 
transition, different genetic and epigenetic events are 
involved (3). 

Telomere is repetitive DNA sequences (TTAGGG) 
located at the end of chromosomes and its main functions is 
stabilizing chromosomes by protecting them from end-to-
end fusion and DNA degradation (4,5). Telomere undergoes 
a progressive shortening during each cell-replication cycle 
because of incomplete DNA replication of a lagging strand 
(so called as the end-replication problems) and telomere 
shortening induces somatic cells to undergo senescence and 
apoptosis (4). So, in this sense, telomere may act as a tumor-
suppressing mechanism, preventing cells from uncontrolled 
division. However, continuous erosion of telomere may 
impair its function in protecting chromosome ends, leading 
to chromosomal instability, a key event in the initiation of 
carcinogenesis and cancer progression (6-8). 

As we known, chromosomal instability and microsatellite 
instability were considered as the two main pathways 
of CRC carcinogenesis (9). Telomere shortening is 
identified as an early event in CRC carcinogenesis. Of 
note, most (approximately 85%) of CRCs are associated 
with chromosomal instability and telomere dysfunction 
is considered as a fundamental player in this process (10). 
Telomere shortening was frequently found in adenoma-
carcinoma transition and telomere dysfunction initiated 
cancer formation by induction of chromosomal instability 
(11-13). While most studies identified telomere shortening 
as a critical initial event in carcinogenesis, the role of 
telomere length in cancer cells as a marker of disease 
progression was controversial (14). In fact, no agreement 
concerning the role of telomere length as a marker of 
disease progression has been reached in CRC. A few 

researches indicated that telomere length in cancer tissue 
was significantly longer in the late stage of colorectal tumors 
(15,16), other studies had not indicated any correlation 
between telomere length and stage (17-19). In one study, 
shorter telomere length (TL) was observed in tumors with 
earlier stage, but not in those with advanced stage (20).  
As for a prognostic role, telomere length hadn’t been 
confirmed either. Only in some of these studies indicated 
longer telomeres were associated with poor clinical outcome 
(16,19,21). 

In tumor microenvironment,  cancer-associated 
fibroblast cell (CAF) constituted the majority cell type and 
was considered as a crucial role in CRC, such as tumor 
growth, progression, metastasis, angiogenesis and immune 
responses (22). CAF was originally activated by tumor cells 
from a subpopulation of fibroblasts and was consider as 
prognostic biomarkers in cancers (23). In prostate cancer 
cell, shorter telomere length in cancer-associated stromal 
cell (fibroblasts and smooth muscle) were prognostic 
marker for progress to metastasis and die of their prostate 
cancer (24).

Considering the relevance of telomere in carcinogenesis 
and its role as prognostic biomarkers, our main aim in this 
work was to highlight the changes of telomere in difference 
kinds of adenomas and to clarify the relevance between the 
clinical and pathologic features and its prognostic value in 
CRC. With this objective, we evaluated the telomere status 
of CRC and adenoma by telomere-specific quantitative 
fluorescent in situ hybridization (Q-FISH) with which 
could provide single cell resolution of telomere length while 
maintaining tissue architecture. We present the following 
article in accordance with the REMARK reporting checklist 
(available at https://dx.doi.org/10.21037/tcr-20-3341).

Methods

Patients

One hundred patients with CRC, who were received 
surgery treatment at the Department of Colorectal Surgery, 
the first affiliated hospital, ZheJiang University School of 
Medicine during 2015 to 2016, were enrolled in the present 
study. Biopsy tissues which were obtained from fifty-seven 
patients who underwent the examination of colonoscope 
during 2013 and were confirmed as adenoma were also 
used. Form the reports of pathological diagnosis, sixteen 
were serrated adenoma, nineteen were tubular adenoma 
and twenty-two were villous adenoma. Patients received  
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(neo)adjuvant radiotherapy or chemotherapy before 
operation were excluded. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the ethics committee of 
the first affiliated hospital, ZheJiang University School of 
Medicine (No.2020-656) and informed consent was taken 
from all the patients.

Q-FISH

Before Q-FISH, the pathological diagnosis was confirmed 
by a pathologist under a microscope though the standard 
H.E sections. Paraffin-embedded, 4-μm-thick sections 
adjacent to the tissue used for H.E. sections were obtained. 
After dewaxing in xylene hydration in alcohol series 
(100%; 90%; 70%), sections were boiled in microwave 
oven for 10 minutes in citrate-buffer (0.01 M, H: 6.0 
Rinsed in phosphate buffer saline (PBS), sections were 
then incubated in preheated pepsin solution for 5 minutes 
(37 ℃). After dehydrated the slides following the alcohol 
series (70%; 90%; 100%) and air dried the sections about 
5minutes until all alcohol was gone, 15 μL hybridisation 
mix [10 mM Tris, 2.14 mM MgCl2; 0.5% Blocking 
reagent (Roche), 0.1 nM Cy3 conjugated telomere peptide 
nucleic acid probe (sequence: Cy3-OO-(CCCTAA)3, 
catalog#F1002, Panagene Inc., Korea] were applied and 
covered with a coverslip. For hybridization, slides were 
denatured at 80 ℃ for 3 min and incubated in a humid 
chamber for two hours. At last, the sides were rinsed in 
wash buffer (0.1% bovine serum albumin and 10mMTris, 
70% Formamide (Sigma-aldrich, catalog#34724-1L-R), 
TBS-T (TBS plus 0.1% tween-100) and PBS, and applied 
about 30μl mounting solution Antifade+4’,6-diamidino-2- 
phenylindole (DAPI) (catalog#H-1200, Vector) and 
covered with a coverslip.

During each experiment, a slide of normal colon mucosa 
was used as internal control. Pictures were taken under 
a fluorescence microscope (100× objective lens and 10× 
ocular lens, Olympus BX51, Japan) with the software of 
NIS-Elements. Both Cy3 (telomere signal) and DAPI 
(nuclear stain signal) images were captured under the same 
microscope field. The exposure time was held constant 
at 150 ms for all Cy3 images to keep the signals within 
the linear range of the camera and enable comparison of 
telomere signal. At least ten pictures form different sites 
of the sample were taken. Telomere length were measured 
in carcinoma cells and CAF cells. At least 50 carcinoma or 
adenoma cells, CAF cells of the total telomere fluorescent 

intensity units (TFUs) were quantitatively measured by the 
software of TFL-TeloV2.

Statistical analysis

Investigators were blinded to the pathological information 
of any patient at the time of analysis. The relative telomere 
length (RTL) was calculated as the TFU in carcinoma cell 
or adjacent mucosa divided by the TFU in CAF cell. TFUs 
and RTL were expressed as median (interquartile range). 
An interquartile range was defined as the distribution of 
TFU values between 25th and 75th percentiles. Statistical 
analyses were conducted on natural data by using Mann-
Whitney tests. Differences between TFU in more than two 
parameters were analyzed using non-parametrical ANOVA 
(Kruskal-Wallis test). The relationship between the patient 
age at diagnosis and TFU values was calculated by Pearson 
correlation coefficient. Overall survival (OS) was defined 
as time from study enrolment until death or last follow-up. 
Disease-free survival (DFS) was defined as time from study 
enrolment until cancer recurrence or metastases or death 
without evidence of recurrence or a second primary tumor, 
or date of last visit. The median values were used as cut-
off. Based on the cut-off, CRC patients were stratified into 
two groups. Survival curves were plotted using Kaplan–
Meier method and log-rank test was used for comparison. 
Multivariate analysis was performed by multivariate Cox 
model. Statistical analyses were conducted using Graphpad 
Prism 8 (GraphPad Software, Inc., La Jolla, CA, USA) and 
SPSS (version 19.0) software (IBM Corporation, Armonk, 
NY, USA). P values <0.05 were considered statistically 
significant. 

Results

Clinical characteristics of CRC patients

The description of the population including fundamental 
characteristics of CRC and background variables were 
summarized in Table 1. The median age for the group 
of CRC patients was 61 years (range, 33–88 years); of 
those, 45% were men and 55% were women. As for the 
57 adenoma patients, 16 were serrated adenomas, 19 were 
tubular adenoma, 22 were villous adenoma. The median age 
was 56 years (range, 31–65 years), 31 (54%) were men and 
26 (46%) were women.

All patients were subject to a follow-up process, and 
the examinations including abdomen contrast-enhanced 
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Table 1 Clinical and pathologic features of colorectal cancer patients

Feature (N=100) Variable N TFU of tumor P TFU of CAF P RTL P

Age (years) <65 64 1,535 (572–4,897) 0.245 2,885 (1,873–3,913) 0.046 0.73 (0.25–2.5) 0.815

≥65 36 2,718 (576–7,514) 2,317 (1,309–3,223) 0.99 (0.28–1.87)

Gender Male 45 2,082 (457–5,779) 0.967 2,600 (1,764–3,738) 0.386 0.71 (0.20–2.1) 0.406

Female 55 1,876 (655–4,315) 2,271 (1,575–3,337) 0.92 (0.37–2.0)

Tumor location Right colon 26 1,292 (334–5,726) 0.505 1,855 (739–2,831) 0.127 1.07 (0.31–3.20) 0.657

Left colon 74 2,082 (616–5,486) 2,437 (1,776–3,506) 0.92 (0.25–1.96)

Differentiation Well 54 2,189 (691–5,779) 0.260 2,437 (1767–3,542) 0.303 0.94 (0.29–2.30) 0.879

Moderate–poor 46 1,085 (481–5,709) 2,162 (1,268–2,993) 0.92 (0.18–1.92)

T stage T1-2 38 2,066 (698–6,235) 0.643 2,599 (1,964–3,581) 0.212 0.71 (0.25–2.53) 0.587

T3-4 62 1,879 (523–5,450) 2,254 (1,340–3,484) 0.94 (0.29–1.96)

Lymph node 
metastasis

Negative 52 1,820 (669–4,715) 0.776 2,440 (1,764–3,463) 0.849 0.74 (0.26–1.97) 0.581

Positive 48 2,198 (516–7,500) 2,395 (1,529–3,508) 0.84 (0.29–2.15)

Perineural 
invasion

Negative 97 1,994 (626–5,508) 0.021 2,451 (1,810–3,508) 0.001 0.89 (0.26–2.10) 0.577

Positive 3 360 (130–499) 404 (384–506) 0.71 (0.34–0.75)

lymphovascular 
invasion

Negative 90 2,136 (631–5,666) 0.037 2,427 (1,776–3,451) 0.815 0.93 (0.29–2.53) 0.0662

Positive 10 676 (130–1,989) 2,173 (1,042–4,876) 0.35 (0.13–1.07)

Distant 
metastases

Negative 89 2,314 (684–5,802) 0.002 2,550 (1,728–3,574) 0.208 0.98 (0.31–2.17) 0.020

Positive 11 557 (130–956) 2,156 (1,261–2,427) 0.23 (0.08–0.89)

Dukes stage A 29 1,943 (719–5,248) 0.023 2,550 (1,882–4,010) 0.447 0.74 (0.22–2.07) 0.072

B 21 1,765 (703–5,125) 2,368 (1,106–3,334) 0.99 (0.32–2.68)

C 39 2,759 (617–7,771) 2,799 (1,703–3,871) 1.08 (0.48–2.34)

D 11 557 (130–956) 2,156 (1,261–2,427) 0.23 (0.08–0.89)

TFU, telomere fluorescent intensity units; CAF, cancer-associated fibroblast cell; RTL, relative telomere length.

computed tomography and colonoscopy were appointed 
at 1 month after the treatment. The last update of patient 
follow-up for this study was December 2020 and none was 
lost to follow up. All the patients were followed up for at 
least 2 years and the median follow-up time was 46 months. 
During the follow-up, 20 (20%) patients were dead and 5 
(5%) patients were suffered from distant metastasis or local 
recurrence. The 1  and 3-year OS rates of all the patients 
were estimated as 97% and 72%.

TFU in tumor, adenoma and adjacent mucosa cell

The representative images of telomere fluorescence in situ 
hybridization in CRC were shown in Figure 1. TFUs of 
carcinoma cells and CAF were statistically significantly 

lower than in adjacent mucosa [median (interquartile 
range): 1,968 (572–5,519) vs. 3,410 (1,845–4,719) vs. 3,425 
(1,890–4,727), P=0.0079, Figure 2A]. Although there was 
no significant difference between age in carcinoma cell and 
RTL, TFUs in CAF were lower in age ≥ 65 years [2,885 
(1,873–3,913) vs. 2,317 (1,309–3,223), P=0.046, Table 1]. 
What’s more, an inverse relationship between TFU in 
CAF and age was recorded (R= −0.4476 and P<0.0001, Y 
=  −50.76*X + 5,825, Figure 2B), with a decrease telomere 
at a rate of 50.76 TFU each year. However, neither TFU 
nor the RTL in carcinoma cell and in adjacent mucosa, the 
inverse correlations hadn’t been found (r=0.064, P=0.5236; 
r=0.1650, P=0.1009 and r=−0.019, P=0.8599; r=−0.043, 
P=0.6737). TFUs in carcinoma and in CAF cells and the 
RTL did not significantly differ with gender, tumor location 
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Figure 1 Representative images of telomere fluorescence in situ hybridization in different tissue types. (C) and (D) were the partial enlarged 
drawing of (A) and (B), respectively. (A) and (C), nuclei were counterstained with DAPI (blue florescence). (B) and (D). Telomere length 
was reflected by the total red fluorescence intensity in nuclei. In CRC tissue, the CAF cells (filled arrows) show bigger, more numerous and 
intense red signal red signal than carcinoma cells (open arrows), reflecting longer telomere length in CAF. CAF, cancer-associated fibroblast 
cell.

and tumor differentiation (Table 1). 
We did not find any difference between the three kinds 

of adenoma cells (serrated, tubular and villous adenoma) 
[538 (143–2,187) vs. 526 (380–2,322) vs. 688 (153–1,276), 
P=0.5457]. Consistent with carcinoma cells, TFU in 
adenoma cells was significantly lower than in CAF and 
in adjacent mucosa [607 (246–1,413) vs. 2,178 (1,307–
2,964) vs. 2,810 (1,916–3,602), P<0.0001, Figure 2C] and 
also independent with age. TFU in adenoma cells were 
statistically significantly lower than in carcinoma [607 (246–
1,413) vs. 1,968 (572–5,519), P<0.0001; Figure 2D]. RTLs 
in carcinoma, adenoma and adjacent mucosa cell were 
also compared and RTL in adenoma and adjacent mucosa 
cell were significantly lower [0.826 (0.26–1.97) vs. 0.362 
(0.11–0.81) vs. 1.353 (1.003–1.588), P<0.0001, respectively.  
Figure 2E]. To exclude the other influencing factors, TFU 
of CAF in carcinoma tissue and adenoma tissue were 
compared, no differences were found [2,395 (1,678–3,497) 
vs. 2,178 (1,307–2,964), P=0.1206].

TFU, RTL and tumor progression

According to T staging, patients were divided into two 
groups: T1–2 group and T3–4 group. TFU did not 
statistically significantly differ between the different 
tumor T stages [2,066 (698–6,235) vs. 1,879 (523–5,450), 
P=0.643]. TFU did not differ between lymph node 
metastasis either [1,820 (669–4,715) vs. 2,198 (516–7,500), 
P=0.776]. 3 patients were confirmed as perineural invasion 
and 10 as lymphovascular invasion. TFU of carcinoma cell 
in perineural invasion and lymphovascular invasion were 
significantly lower [360 (130–499) vs. 1,994 (626–5,508), 
P=0.021; 676 (130–1,989) vs. 2,136 (631–5,666), P=0.037, 
respectively]. TFU of CAF in perineural invasion patients 
were significantly lower too (404 (384–506) vs. 2,451 
(1,810–3,508), P=0.001]. 11 patients suffering from distant 
metastases in this study and TFU of carcinoma cell in 
distant metastases patients were significantly lower than 
that without distant metastases patients [557 (130–956) vs. 
2,314 (684–5,802), P=0.002]. By Dukes stage, 29 belong to 
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Figure 2 TFU and RTL changes in carcinoma, adenoma and cancer-associated fibroblast (CAF) cells. (A) TFUs in carcinoma cells were 
statistically significantly lower than in CAF. (B) There was an inverse relationship between TFU in CAF and age, with a decrease telomere 
at a rate of 50.76 TFUs each year. (C) TFU in adenoma cells was significantly lower than in CAF. (D,E) Both TFU and the RTL were 
statistically significantly lower in adenoma cells. TFU, telomere fluorescent intensity units; RTL, relative telomere length; CAF, cancer-
associated fibroblast cell.

stage A, 21 stage B, 39 stage C and 11 stage D and TFU 
was significantly lower than other stage patients [1,943 
(719–5,248) vs. 1,765 (703–5,125) vs. 2,759 (617–7,771) vs. 
557 (130–956), for all, P=0.023 and A and D, P=0.0352; B 
and D, P=0.0417; C and D, P=0.0124]. However, except 
that patients with distant metastases had significantly lower 
RTL [0.23 (0.08–0.89) vs. 0.98 (0.31–2.17), P=0.020], 
neither TFU in CAF nor the RTL had relevant to tumor 
progression (Table 1). 

Lower TFU and RTL were associated with poor prognosis

Kaplan-Meier method and the log-rank test was used for 
comparison of outcomes and the median values of the TFU 
of carcinoma cell (1909), CAF (2399), adjacent mucosa 
(3281) and RTL (0.826) were used as cutoff. Patients with a 
lower TFU or RTL had statistically significantly poorer OS 
than those patients with higher TFU or RTL (P=0.0027, 
HR: 4.6, 95% CI: 1.9–11.0; P=0.0163, HR: 2.95, 95% CI: 
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Figure 3 Lower TFU and RTL were associated with OS. (A) Patients with a lower TFU had statistically significantly poorer OS than those 
patients with higher TFU. (B) Lower RTL patients had statistically significantly poorer OS. (C) After excluded Dukes D stage patients, 
lower TFU still predicted a poorer OS. (D) Lower RTL was associated with short OS, although the difference was not significant. TFU, 
telomere fluorescent intensity units; RTL, relative telomere length; OS, overall survival.

1.22–7.12, respectively. Figure 3A,B). Given the Dukes 
D stage patients had much lower TFU and 72.7% (8/11) 
were dead during follow up. To test the prognostic value, 
we excluded Dukes D stage patients and found that only 
lower TFU still predicted a poorer OS (P=0.0484, HR: 3.4, 
95% CI: 1.1–10.7; Figure 3C), although the difference in 
RTL for OS trend to be significant (P=0.0695, HR: 2.86, 
95% CI: 0.92–8.87. Figure 3D). As for DFS, lower TFU or 
RTL also had a poor prognosis (P=0.0057, HR: 3.14, 95% 
CI: 1.40–7.06; P=0.0271, HR: 2.49, 95% CI: 1.11–5.59, 
respectively. Figure 4A,B). After excluded Dukes D stage 
patients, prognosis of patients with lower TFU trend to be 
poor (P=0.0878, HR: 2.64, 95% CI: 0.92–7.52. Figure 4C) 
but the difference in RTL was not significant (P=0.1103, 
HR: 2.484, 95% CI: 0.87–7.08. Figure 4D). However, TFU 
of CAF and adjacent mucosa did not show any prognostic 
value, neither for OS (P=0.3011, HR: 1.592, 95% CI: 
.0.66–3.8; P=0.8672, HR: 1.078, 95% CI: 0.45–2.6) nor 
DFS (P=0.1836, HR: 1.731, 95% CI: 0.77–3.9; P=0.3024, 
HR: 1.532, 95% CI: 0.68–3.45). Other clinicopathological 
parameters, such as tumor differentiation, T stage, lymph 

node metastasis and distant metastases were also associated 
with prognosis and gender, age and tumor location were not 
(Table 2,3). 

In the next step, TFU of carcinoma cell and RTL, 
together with tumor differentiation, T stage, lymph 
node metastasis and distant metastases were included 
in multivariate Cox proportional hazards analysis and 
TFU of carcinoma cell (P=0.0005, HR: 4.975, 95% CI: 
1.616–15.39), lymph node metastasis (P=0.045, HR: 3.139, 
95% CI: 1.026–9.60) and distant metastases (P=0.001, HR: 
5.475, 95% CI: 2.027–14.792) turn out to be independent 
prognostic factors for OS (Table 2) and TFU of carcinoma 
cell (P=0.007, HR: 3.57, 95% CI: 1.410–9.010) and distant 
metastases (P=0.001, HR: 10.11, 95% CI: 3.896–26.22) 
were independent prognostic factors for DFS (Table 3).

Discussion

In present study, we demonstrated that TFUs in carcinoma 
and adenoma cells were consistently lower than in CAF 
and the TFUs in adenoma cell were even lower than in 
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Figure 4 Lower TFU and RTL were associated with DFS. (A) Patients with a lower TFU were associated with short DFS. (B) Lower RTL 
patients had statistically significantly poorer DFS. (C) After excluded Dukes D stage patients, lower TFU was associated with short DFS, 
although the difference was not significant. (D) Lower RTL was not associated with DFS when Dukes D stage patients were taken off. TFU, 
telomere fluorescent intensity units; RTL, relative telomere length; DFS, disease-free survival.

carcinoma. This result supported the hypothesis that 
telomere changes were early carcinogenesis event, even 
the epithelial cells were morphologically not malignant. 
TFUs in carcinoma and RTL were associated with tumor 

metastases and patients who had low TFU or RTL had 
significantly poor prognosis. 

Telomere is progressive shortening because of the end- 
replication problems and continuous erosion of telomere 

Table 2 Univariate and multivariate cox regression analysis of OS for univariate and multivariate

Variable
Univariable analysis Multivariable analysis

P Relative risk (95% CI) P Relative risk (95% CI)

Gender 0.4018 1.452 (0.60–3.5) – –

Age 0.9730 1.016 (0.41–2.5) – –

Tumor location 0.8141 – – –

Differentiation 0.0469 2.793 (1.014–7.693) – –

T stage 0.0268 6.941 (2.579–18.68) – –

Lymph node metastasis 0.0002 5.617 (2.300–13.72) 0.045 3.139 (1.026–9.60)

Distant metastases <0.0001 172.2 (30.43–974.8) 0.001 5.475 (2.027–14.792)

TFU of carcinoma cell 0.0027 4.6 (1.9–11.0) 0.005 4.975 (1.616–15.385)

RTL 0.0163 2.95(1.22–7.12) – –

OS, overall survival; RTL, relative telomere length.
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Table 3 Univariate and Multivariate cox regression analysis of DFS for univariate and multivariate

Variable
Univariable analysis Multivariable analysis

P Relative risk (95% CI) P Relative risk (95% CI)

Gender 0.6663 1.190 (0.53–2.66) – –

Age 0.9906 1.005 (0.43–2.34) – –

Tumor location 0.2684 1.598 (0.62–4.09) – –

Differentiation 0.0099 3.545 (1.36–9.28) – –

T stage 0.0111 2.908 (1.28–6.63) – –

Lymph node metastasis 0.0011 3.914 (1.72–8.90) – –

Distant metastases <0.0001 374.3 (72.2–1941) 0.001 10.11 (3.896–26.22)

TFU of carcinoma cell 0.0057 3.14 (1.40–7.06) 0.007 3.57 (1.410–9.010)

RTL 0.0271 2.49 (1.11–5.59) – –

DFS, disease-free survival; RTL, relative telomere length.

may impair its function in protecting chromosome ends, 
leading to genetic instability (6-8). Chromosomal instability 
and microsatellite instability are identified as the two main 
pathways of CRC carcinogenesis (9,25). CRC were thought 
to arise from the adenoma-carcinoma sequence by sequential 
accumulation of genetic alterations (26). However, the 
changes of telomere in the adenoma-carcinoma sequence 
has not been well established. Consistent with previous 
reports, it seemed certain that telomere length in CRC was 
shorter than in normal mucosa (11-13,15-20). Evidences 
showed telomere length was shorter in low-grade and 
high-grade dysplasia than in carcinoma (27). Our results 
shown that telomere in adenomas were shorted than CAF 
and carcinoma cell, which were consistent with Nirosha 
Suraweera’s observation: adenoma telomere length was 
significantly shorter than matched normal mucosa, more 
prevalent tumor telomere shortening than carcinoma 
patients, indicated that shortened telomeres and telomere 
maintenance engagement occur early in adenomatous 
polyp development (28). Clinically, only a small fraction of 
adenomas actually become malignant, it is hard to predict 
which adenomas will progress. Bertorelle et al. argued that 
aggressive polyps had shorter telomeres than carcinoma 
free adenomas and telomere could distinguish malignant 
from benign adenomas (10). Another research also observed 
that different adenoma had its own mechanism: tubular 
adenomas were associated with mutations of APC, KRAS, 
and p53, whereas serrated adenomas progressed through 
microsatellite instability and BRAF mutations (9). However, 
as for telomere length, tubular and serrated adenoma were 

found to be similar (11). Our results were the same, the 
difference of telomere length in different adenoma subtypes 
was not significant (date not shown), suggesting telomere 
shorting was common phenomenon in adenoma. Given 
the intensive cell proliferation with telomere loss and the 
relatively longer telomere length, mechanisms of telomeric 
sequences synthesis, such as up-regulation of telomerase, 
should be involved. Indeed, the trend of growing telomerase 
activity in the adenoma-carcinoma sequence, as well as 
the decrease in telomere length has been reported (29).  
Taken together, our results strongly supported the 
concept that telomere erosion is a critical initial event in 
colorectal carcinogenesis. Further studies are required to 
better understand the role of telomere in the pathological 
progression in colorectal neoplasia. 

CAF constituted the majority cell type in tumor 
microenvironment and play a crucial role in tumor growth, 
progression, metastasis, angiogenesis (22). We measured the 
telomere of CAF in carcinoma and adenoma simultaneously. 
As mentioned above, telomere was progressively shortened 
with each successive cell division and therefor associated 
with aging (4). Our results supported this concept and 
TFUs in CAF were lower in age ≥65 years, but not in 
carcinoma cell. What’s more, the TFUs in CAF were found 
to be inversely correlated with age, which was in line with 
previous studies found in normal mucosa tissue (16,18,30). 
This negative correlation has also been demonstrated in 
other malignancies, such as breast cancer (31). To the best of 
our knowledge, this study is the first to report that telomere 
changes in CAF and record the inverse relationship between 
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TFU in CAF and age. 
The relationship between telomere and CRC progression 

was not entirely clear. Some investigators identified that 
telomeres were longer in late stage cases (16,21), others 
could not confirm the correlation between telomere length 
and disease stage (17-19,29). Our date showed that TFU 
of carcinoma cell and RTL were stable in Dukes A, B and 
C, when patients with distant metastasis (Dukes D), TFU 
and RTL were striking shorted. This observation was also 
reported in a previous research that TL was statistically 
significantly shorter in liver-metastasis tumors than primary 
tumor and the adjacent non-cancerous liver tissues (20). It 
has been found that depending on the drug combination, 
chemotherapy exerted a degree of transient telomere 
shortening effect and could be recovered to normal TL 
in around 2 years (32). So the short telomeres in liver 
metastases tissue were conjectured due to the treatment 
in CRC, since all the patients with distant metastases 
underwent various regimens of chemotherapy (20).  
Our date had a discrepancy between them, because all 
the patients involved in this research didn’t receive any 
chemotherapy at all. The clinical outcome of different 
tumor location is varying and prognosis of colon cancer is 
better than that of rectal cancer (33). Currently, it’s under 
debate whether rectal cancer is actually a distinct entity. In 
relation to telomere length, it is noteworthy that, although 
previous results demonstrated that telomere length differed 
according to tumor location, being longer in rectal cancers 
(18,21,29), the relationship between telomere length and 
tumor location was still controversial. We did not find any 
relationship between telomere length and tumor location 
just like other studies (15,16,19,34).

We demonstrated a shorted OS and DFS in CRC 
patients with a decreased TFU and RTL. To minimize the 
influence of Dukes D stage patients (lower TFU, RTL 
and high dead rate), lower TFU was still associated with 
poor OS after excluded them. Some studies had been 
Long telomere length in cancer tissues as predictors of 
poorer survival (10,15,34). The reason for aggressive tumor 
exhibited constantly critically short telomere was speculated 
as: malignant cells undergoing rapidly cell division required 
high level of telomerase activity, however, the cellular 
machinery could not be always guaranteed. The prognostic 
value of telomere in CRC was discordant in relation to the 
telomere alterations and prognosis. Some studies found 
no evidence of cancer RTL associated with disease-free 
survival or OS, some even opposite to our observation  
(16,19-20,21,28,30,35). Taken together, the use of telomere 

as clinical prognostic parameter is still a challenge. 
Additional mechanism, such as telomere maintenance, 
telomerase activity alteration and genome instability, should 
be investigated to completely interpret the different clinical 
prognosis based on the telomere status.

There are some limitations in this study. First of all, 
this is a single-center study and the number of patients 
is relatively larger than most of other studies, but it is 
nonetheless limited by sample size, particularly as adenoma 
were further divided into smaller subgroups. Secondly, our 
survey also has inherent limitations that relate to the applied 
methods. We can measure TFUs in single adenoma cell and 
single carcinoma cell, but Q-FISH is not a high-throughput 
method for large-scale epidemiologic study. 

Conclusions

In conclusion, the present study demonstrated that telomere 
in carcinoma and adenoma cells were consistently shorter, 
indicating the telomere changes were early carcinogenesis 
event, even the epithelial cells were morphologically not 
malignant. Telomere in carcinoma was associated with 
tumor metastases and was associated with clinical prognosis.
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