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DKC1 enhances angiogenesis by promoting HIF-1α

transcription and facilitates metastasis in colorectal cancer
Pingfu Hou1,2, Peicong Shi1,3, Tao Jiang1,3, Hang Yin1,3, Sufang Chu1,2, Meilin Shi4, Jin Bai1,2 and Jun Song1,3

BACKGROUND: Dyskeratosis congenita 1 (DKC1) is dysregulated in several cancers. However, the expression and function of DKC1

in colorectal cancer (CRC) is rarely reported.

METHODS: Tissue microarrays (TAMs) including 411 cases of CRC tissues and corresponding paracancerous tissues were used to

examine the DKC1 expression. The correlations between the DKC1 expression and clinicopathological or survival characters were

further analysed. The functions and molecular mechanism of DKC1 in CRC were investigated through a series of in vitro and in vivo

experiments.

RESULTS: The result showed that DKC1 expression was increased in CRC tissues. Increased DKC1 expression was associated with

high grade of TNM stage, additional lymph node metastasis, and poor prognosis of patients with CRC. Multivariate COX analysis

indicated that DKC1 can act as an independent prognostic factor for patients with CRC. DKC1 also facilitated the CRC angiogenesis

and metastasis by increasing HIF-1α and VEGF expression levels. Chromatin immunoprecipitation assay demonstrated that DKC1

facilitated HIF-1α expression by regulating HIF-1α promoter activity.

CONCLUSION: DKC1 appears to regulate CRC angiogenesis and metastasis through directly activating HIF-1α transcription. DKC1

can serve as an accurate indicator in predicting the prognosis of patients with CRC and act as a potential therapeutic target for CRC.

British Journal of Cancer (2020) 122:668–679; https://doi.org/10.1038/s41416-019-0695-z

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies
worldwide. The incidence rate of CRC is the third highest in
human tumours, and the mortality rate ranks second highest in
malignant tumours.1 Most patients with CRC are already in the
advanced stage of initial diagnosis, and the 5-year survival rate is
low.2,3 Approximately 25% of patients with CRC have had liver
metastases at the time of initial medical treatment.4 The data
showed that ~45% of patients with CRC eventually died of this
disease due to drug resistance and tumour metastasis after
routine treatment and 80–90% of the liver metastases of patients
with CRC have been unable to undergo radical resection of the
tumour when they first consulted.5,6 Therefore, research on
finding a potential biomarker for CRC is important for early CRC
diagnosis and treatment.
Dyskeratosis congenita 1 (DKC1) gene was first discovered

because its mutation caused dyskeratosis congenita (DC), which
is an infrequent inherited syndrome, manifested as leukoplakia
of oral, nail dystrophy, and unnatural reticulate skin
pigmentation.7,8 Research has shown that the occurrence of
DC can increase the incidence of many diseases, such as aplastic
anaemia, bone marrow failure syndromes (BMFSs), and pulmon-
ary fibrosis. Dyskerin that is encoded by DKC1 is a kind of
nucleolar protein that is located at Xq28.9,10 Dyskerin is an

important part of telomerase ribonucleoprotein complex and
has a major impact on the functional stability of telomerase
ribonucleoprotein complex. This phenomenon is mainly due to
the participation of DKC1 in the production of telomerase and
telomerase reverse transcriptase.11,12 The telomere length of
patients with DC is significantly shorter than those of normal
people.13,14 DKC1 also plays an important role in the processing
of H/ACA small nucleolar ribonucleoprotein and is required for
normal ribosome biosynthesis.15

Hypoxia region is formed when malignant tumours proliferate
rapidly. In adapting to hypoxic microenvironment, tumour cells
activate a variety of signal pathways and derive a large number
of regulatory factors, which promote tumour tolerance to
hypoxia and the tumour’s ability to metastasise as well as
reducing sensitivity to radiotherapy and chemotherapy.16,17

Hypoxia-inducible factor 1 (HIF-1) is a transcription factor
activated by hypoxia. HIF-1 consists of two subunits, that is, α
and β.18 HIF-1α subunit can be regulated by O concentration,
and its expression is positively correlated with the degree of
hypoxia.19,20 HIF-1α also plays a vital role in tumour metastasis,
proliferation, and angiogenesis.21–23 The hypoxic state of solid
tumours becomes serious as malignant tumours continue to
grow, which increases HIF-1α expression. HIF-1α overexpression
further induces the expression of its downstream target gene
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VEGF and participates in tumour angiogenesis and metastasis.24

In CRC, HIF-1α expression is abnormally increased and plays an
important role in the malignant progression of CRC.25

DKC1 is highly expressed in a variety of cancers.26 In
neuroblastoma and renal cancer cells, DKC1 inhibition slows
tumour growth and reduces tumour’s metastatic capacity. DKC1
upregulation is associated with the poor prognosis of patients
with prostate cancer,27 hepatocellular carcinoma,28 and neuro-
blastoma.29 Meanwhile, DKC1 acts as a tumour suppressor and
inhibits the development of pituitary tumours by downregulating
the translational level of p27.30 In this study, we will explore the
role of DKC1 in CRC progression.

METHODS
Patients and specimens
The total of 8 pairs of fresh colorectal cancer tissues and
corresponding paracancerous tissues were obtained directly
from the operating room of Affiliated Hospital of Xuzhou
Medical University. The tissues microarrays (TAMs) was com-
posed of 411 CRC paraffin-embedded tissues and paired
paracancerous tissues were obtained from the Pathology
Department of Affiliated Hospital of Xuzhou Medical University
from April 2010 to February 2015. The patients’ clinicopatholo-
gical characteristics including age, sex, lymph node metastasis,
tumour-node-metastasis (TNM) stage, differentiation, tumour
diameter, distant metastasis as well as depth of invasion were
also gained from the Pathology Department of Affiliated
Hospital of Xuzhou Medical University.

immunohistochemistry (IHC)
The CRC tissues and corresponding paracancerous tissues which
were paraffin-embedded were punched to 1.5 mm diameter
cores. The standard protocol for immunostaining of the TMAs
was described previously.31 According to the streptavidin-
peroxidase (Sp) method using a standard Sp Kit (Zhongshan
biotech, Beijing, China). The slides were dewaxed at 65 °C for 2 h
and then xylene was used to wash the slides for 20 min. The
tissues were then rehydrated by washing the slides for 5-min
each with 100%, 95%, 80%, 75%, 50% ethanol and finally with
distilled water. The slides were then heated to 95 °C for 30 min in
10 mmol/L sodium citrate (pH 6.0) for antigen retrieval and then
treated with 3% hydrogen peroxide for 1 h to block the
endogenous peroxidase activity. Then subsequently the slides
were incubated with specific antibodies at 4 °C overnight, and 3,
3′-diaminobenzidine (DAB; Zhongshan Biotech, Beijing, China)
was used to produce a brown precipitate. The polyclonal rabbit
anti-DKC1 (1:100, ab64667; Abcam, Cambridge, MA, USA) was
used as primary antibody incubation at 4 °C overnight. For
others primary antibodies, anti-HIF-1α antibody was applied at
1:400 dilutions (rabbit polyclonal, ab51608, Abcam, USA), anti-
VEGF antibody was applied at 1:100 dilutions (rabbit polyclonal,
19003-1-AP, Proteintech, USA), anti-CD31 antibody was applied
at 1:100 dilutions (rabbit polyclonal, ab51608, Proteintech, USA),
anti-Ki67 antibody was applied at 1:100 dilutions (rabbit
polyclonal, Ab-AF0198, Affinity, USA). We used Phosphate-
buffered saline (PBS) instead of prime antibody as a negative
control in time of primary antibody incubation. All images were
recorded by Olympus BX-51 light microscope.

Assessment of immunohistochemistry
Two pathologists independently evaluated the DKC1 staining
scores without being informed of the clinical data. They
discussed each core of disagreement and finally reached a
unified opinion. We evaluated the expression score of DKC1 in
CRC tissues and corresponding normal tissues by evaluating
immunoreactive score (IRS) which was calculated by multiplying
the intensity of DKC1 staining and the percentage of DKC1

immune positive cells. The intensity of DKC1 immunostaining
was graded as 0–3 (0, negative; 1, weak; 2, moderate; 3, strong).
The percentage of immune positive cells was scored into 4
ranks: 1 is range from 0 to 25%, 2 is range from 26 to 50%, 3 is
range from 51 to 75%, and 4 is range from 76 to 100%. On the
basis of the IRS, the level of DKC1 expression was classified as
low (IRS: 0, 1, 2, 3, 4, 6) and high (IRS: 8, 9, 12) expression.

Cell lines and cell culture condition
The colon cell lines: FHC, LoVo, SW620, SW480, DLD1, and HCT116
cell lines were obtained from the Shanghai Institute of Biochem-
istry and Cell Biology, Chinese Academy of Science (Shanghai
China). FHC, LoVo and DLD1 cells were cultured in RPMI-1640
medium while SW620, SW480 and HCT116 were cultured in DMEM
medium containing 10% foetal bovine serum, 100 U/ml penicillin
and 100 μg/ml streptomycin. All the cell lines were incubated in a
37 °C humidified incubator with 5% CO2.

RNAi and stable cell lines construction
The siRNA specific for DKC1 (siDKC1) and scrambled siRNA were
obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China).
The siRNA was transfected by using siLentFectTM Lipid reagent
(Bio-Rad Laboratories, Hercules, CA, USA) at a cell density of 30%.
In each 60 x 15 mm cell culture dish, 40 µg DKC1 small interfering
(si)RNA or negative control siRNA (Shanghai GenePharma Co., Ltd.)
were transfected using 8 µl siLentFect Lipid Reagent. A total of
48 h after transfection, the cells were used for subsequent
experimentation according to the manufacturer's protocol. The
siRNA sequences are listed as follow:
siCtrl: 5’-UUCUCCGAACGUGUCACGUTTACGUGACACGUUCGG

AGAATT-3’,
siDKC1#1: 5’-GCGGAUGCGGAAGUAAUUATTUAAUUACUUCCGC

AUCCGCTT-3’,
siDKC1#2: 5’-CCGGCUGCACAAUGCUAUUTTAAUAGCAUUGUGC

AGCCGGTT-3’,
The shRNA target sequence is listed as follow:
shDKC1: 5’-CCGGCUGCACAAUGCUAUU-3’.
The Plasmid of pLV-EGFP: T2A: Puro-EF1A-hDKC1 and was

purchased from VectorBuilder lnc and the Plasmid of HIF-1α was a
gift from Dr. Rui Chen (Capital Medical University). CRC cells were
grown to approximately 50% confluency and then transiently
transfected with plasmids using lipofectamine 2000 transfection
reagent (Invitrogen) according to the manufacturer’s instructions.
Twelve hours after transfection, the medium containing transfec-
tion reagents was removed, and the cells were incubated in fresh
medium. The DKC1 stable knockdown HCT116 cell lines and
control cells lines were structured by using lentivirus packing
DKC1 shRNA and corresponding control vector (Shanghai
GenePharma). The DKC1 knockdown HCT116 cells were then
infected with HIF-1α overexpression lentivirus (GENECHEM)
to establish HIF-1α rescue cell lines. These target cells
were transfected with lentivirus for 48 h and then selected with
5 µg/ml puromycin (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) for 2 weeks.

Cell migration and invasion assays
Cell migration and invasion assays were performed as described
previously by using the Transwell chambers.32 Matrigel (BD
Biosciences, Mississauga, Canada) was uncovered or covered the
Transwell filter inserts for cell migration assays or cell invasion
assays respectively. 2 × 105 cells resuspended with FBS-free
medium were seeded in the top chamber and incubated at 37 °C
with 5% CO2 for 12 or 24 h. Then fixed the cells across the
membrane with 90% methanol for 20 min and stained with
Crystal violet. The cells unable to traverse the membrane in top
chamber were obliterated with cotton swabs simultaneously.
The cells that had traversed the membrane were count by using
inverted microscope.
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Tube formation assay
1 × 106 DKC1 overexpression, knockdown, and HIF-1α rescue
CRC cells along with the respective control cells were incubated
with 2 ML fresh FBS-free medium in 60-mm plates for 1 day and
then the treated medium was preserved. For tube formation
assay, the 48-well plate coated with 180 µL MatrigelTM (BD
Biosciences) was kept in a 37 °C humidified incubator for 2 h to
curdle the Matrigel. Then 4 × 104 HUVECs cells suspended
by 200 µL treated medium were seeded into the 48-well
plate which was coated with Matrigel previously and cultured
for 4 h. Inverted microscope was used to count the tubes
formation.

RNA isolation and Real time PCR
The total RNA extraction was performed by using Trizol reagent
(Invitrogen) in accordance with the manufacturer’s instructions.
After measuring RNA purity, the reverse transcription reaction was
carried out (1 µg RNA) with PrimeScript™ RT reagent Kit along with
the gDNA Eraser (Vazyme). Primer sequences are listed as follow:
5’-TGATGACCAGCAACTTGAGG-3’(forward) and
5’-CTGGGGCATGGTAAAAGAAA-3’(reverse) for HIF-1α,
5’-GAAGGACTTTACCTTCCAGGA-3’(forward) and
5’-ATGATTCTGCCCTCCTCCTTC-3’(reverse) for VEGF,
5’-CTTGATTCTGGAGCCAGTGTTCT-3’ (forward) and
5’-TTTGATCTTCACGCTACTTTTGTT-3’ (reverse) for P1,
5’-GACGGAGTCTCGCTACGTTC-3’ (forward) and
5’-GACAGGGTGGTTCCAGCTAC-3’ (reverse) for P2,
5’-TGTGCAATGCTACTTTGTTGGG-3’ (forward) and
5’-CCTTTGGCAACTTTGCAAGCTA-3’ (reverse) for P3,
5’-TCTGGTAAGGAAAGACCCCG-3’ (forward) and
5’-AAAAAGCAGACTTCGCCTCG-3’ (reverse) for P4,
5’-TTCTCTTTCCTCCGCCGCTA-3’ (forward) and
5’-CCAATCAGGAGGCGGTCAG-3’ (reverse) for P5,
5’-GTCGCTCGCCATTGGATCT-3’ (forward) and
5’-CTCCTGTCCCCTCAGACGA-3’ (reverse) for P6.
5’-AAGGTCGGAGTCAACGGATTTG-3’(forward) and
5’-CCATGGGTGGAATCATATTGGAA-3’(reverse) for GAPDH.
Real-time PCR was performed by ABI7500 qRT-PCR system

thermal cycler (Vazyme Biotech, Nanjing, China) with SYBR Green
PCR Master Mix in triplicate. GAPDH mRNA was chosen to be
internal control. CT method was used to calculate the target
mRNA levels, normalised to GAPDH.

Western blot analysis
Western blot analysis was carried out as described previously.33

The rabbit anti-DKC1 (1:1500, ab64667, Abcam, USA), anti-HIF-1α
(1:1000, ab51608, Abcam, USA), anti-VEGF (1:1000, 19003-1-AP,
Proteintech, USA) and mouse anti-GAPDH (1:200000, 60004-1-Ig
Proteintech, USA) were used for the primary antibodies incubation
at 4 °C overnight. Horseradish peroxidase (HRP)-goat anti-rabbit,
HRP-goat anti-mouse were used for secondary antibodies. The
signals were identified using the Tanon 6600 Luminescent
Imaging Workstation (Tanon Science & Technology Co., Ltd.,
Dalian, China). Densitometry was used to measure protein bands’
intensity.

Dual-luciferase reporter assays
Dual-luciferase reporter assays was performed as described
previously.34 HCT116 cells were seeded onto 24-well plates (5 ×
104 cells per well) and transfected with siRNA specific for DKC1
or non-specific control siRNA, HIF-1α promoter plasmid, renilla
luciferase plasmid. Two days later, we measured the activities of
both firefly luciferase and renilla luciferase according to the
dual luciferase reporter assay system (Promega, Madison, WI,
USA). The internal standard for transfection efficiency was
normalised to renilla luciferase activity. The HIF-1α promoter
region (−1800/+200) was cloned to the PGL4.20 plasmid
(Promega).

Chromatin immunoprecipitation (ChIP) assay
ChIP assay was carried out as described previously.35 Anti-DKC1 or
negative control anti-IgG were incubated with ChIP dilution buffer
containing the sheared DNA at 4 °C overnight rotationally. qRT-
PCR was carried out to exaggerate the genomic region of DKC1
flanking the possible DKC1 binding sites.

Subcutaneous tumour model and lung metastasis model in vivo
The animal experiments were approved by the Animal Care
Committee of the Xuzhou Medical University, Xuzhou, China. The
female BALB/c nude mice (6–8 weeks old) were purchased from
Beijing Vital River Laboratory Animal Technology Co., Ltd. The
female BALB/c nude mice were fed under specific pathogen-free
condition. Provide details of: The animals were maintained in a
controlled environment with controlled temperature (~25 °C),
humidity (50–70%) and (light, 07:00; dark, 22:00). The water and
mouse feed were sterilised by uperisation and were freely
available. The total of 20 female BALB/c nude mice were divided
into two groups randomly: DKC1 knockdown and control group.
DKC1 knockdown (5 × 106) and control (5 × 106) HCT116 cells were
suspended with 200 μl PBS and were injected subcutaneously into
the axilla. Six days later, the subcutaneous tumours can be
observed by vision. Tumours volumes were measured by multi-
plying long diameter and wide diameter every two days. Two
weeks later, all the mice were sacrificed by cervical dislocation in
fume cupboard and the tumours were excised. Every tumour was
weighed and fixed by 4% paraformaldehyde for further immuno-
histochemistry assay. Lung metastasis model was established by
mice’s tail vein injection. Twenty-one female BALB/c nude mice
(6–8 weeks old) were randomly divided into three groups: control,
DKC1 knockdown and HIF-1α rescue based on DKC1 knockdown
HCT116 cells. 2 × 106 HCT116 cells suspended with 200 μl PBS
were injected through the mice’s tail vein. Forty-five days later, all
the mice were sacrificed by cervical dislocation in fume cupboard
and the lungs were excised. Each lung was fixed by 4%
paraformaldehyde for further H.E. staining and immunohisto-
chemistry assay and metastatic nodules on the surface of each
lung were counted.

Cell proliferation assay
CCK-8 assay was performed to detect the cell proliferation using
Cell Counting Kit-8 manufacturer's protocol (Dojindo) as described
previously.36 Briefly, 4000 cells suspended with 200 μL complete
medium were seeded into the 96-well plates and cultured. When
the specified time was reached, 10 μL CCK-8 solution mixed with
100 μL medium was added into the 96-well plates and cultured for
2 h at 37 °C. The absorbance was measured at 450 nm.

Cell cycle analysis
Cell cycle assay was performed as described previously.37 Cells
were treated in serum-free medium for 12 h to synchronise cell
cycle, then the complete medium was used to re-enter the cell
into the cell cycle. Afterwards, cells were fixed with 70% ethanol at
4 °C for 12 h. The fixed cells were suspended with RNase A
and then cells were mixed with propidium iodide (PI). Finally,
flow cytometry (BD, FACSCantoTM II) was used to detect the
cell cycle.

Statistical analysis
The SPSS 20.0 was used for all statistical analysis. The difference
between DKC1 staining of CRC tumours and its corresponding
adjacent non-cancerous tissues were evaluated by paired
Wilcoxon test. χ2-test was used to evaluate the relationship
between the expression of DKC1 and clinicopathological
features. Kaplan–Meier method and log-rank test were chosen
to investigate the correlation between DKC1 expression and 5
years overall survival and disease-free survival. Univariate and
multivariate Cox proportional hazards regression analysis were
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carried out to assess the crude hazard rations (HRs), adjusted
HRs and 95% confidence interval (CI). Whether there is a
difference between the two groups depends on the unpaired t-
test statistically.

RESULTS
DKC1 expression was significantly increased in CRC tissues and cell
lines
To determine whether DKC1 is involved in CRC development, we
first assessed DKC1 protein expression in the tumour and

paracancerous tissues of eight patients with cancer, its expression
significantly increased in CRC tissues compared with normal
tissues (Fig. 1a). Subsequently, Western blot analysis showed that
DKC1 expression in five different CRC cell lines (LOVO, SW480,
SW620, HCT116, and DLD1) was considerably upregulated
compared with normal colon epithelial cell line FHC (Fig. 1b). To
prove the findings above, we next used immunohistochemistry
(IHC) to study DKC1 expression in tissue microarrays. The results
showed that DKC1 was predominantly located in the nucleus
(Fig. 1c). As shown in Table 1 and Fig. 1d, DKC1 IRS was
conspicuously higher in 279 out of 411 (68%) CRC tissues and
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Fig. 1 DKC1 Expression was upregulated in CRC and negatively associated with overall and disease-free survival in CRC. a Detection of
DKC1 protein levels in 8 cancer tissues and paired normal colon tissues by western blot. b The expression level of DKC1 was detected by
western blot in five CRC cell lines and a normal colon epithelial cell line (FHC). c Representative images of DKC1 immunohistochemical
staining in TMAs were shown. Note: Top panel: original magnification, ×100; bottom panel: original magnification, ×200. d The distribution of
the difference in staining intensities of DKC1 in CRC tissues compared with that in paired paracancerous tissues. C, CRC tissues; P, paired
paracancerous colon tissues (P < 0.001, the paired Wilcoxon test). e High DKC1 expression related to greater favourable overall cumulative
survival of RCC patients (P= 0.001, log-rank test). f High DKC1 expression related to greater favourable disease-free cumulative survival of RCC
patients (P= 0.003, log-rank test). Data are shown as mean ± standard deviations. *P < 0.05, **P < 0.01, ***P < 0.001.
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significantly lower in 324 out of 411 (79%) adjacent noncancerous
tissue.

High DKC1 expression was correlated with clinicopathologic
characteristics and poor survival in patients with CRC
We used Fisher’s exact test to investigate the relationship between
DKC1 expression and clinicopathological parameters in patients
with CRC. The expression of DKC1 is also high in patients with high
TNM stage (P < 0.001, χ2-test). Our data revaluated that the
upregulated DKC1 expression was also dramatically positively
associated with the distant metastasis (P= 0.003, χ2-test). By
contrast, the DKC1 expression and patients’ age, gender,
differentiation, tumour diameter, or invasion depth had no
relationship (Table 1).
We used Kaplan–Meier analysis and log-rank test to evaluate

the function of DKC1 in patients with CRC. Our data demonstrated
that the patients who showed upregulated DKC1 signals corre-
sponded with poorer 5-year overall (P= 0.001) and disease-
specific cumulative survival (P < 0.001) than those with few
DKC1 signals (Fig. 1e, f).
Next, we used univariate and multivariate COX analysis model

to explore whether DKC1 expression was an independent
prognostic factor for patients with CRC. The univariate COX
regression analysis showed that DKC1 expression, TNM stage,
and lymph node metastasis were all the important prognostic

factors for the overall survival of patients with CRC. At the same
time, our data showed that they combined with the tumour
differentiate were also the significant prognostic factors for the
disease-specific survival of patients with CRC performed by the
univariate COX analysis (Supplementary Table S1). We also used
multivariate COX regression analysis to confirm that DKC1
expression and TNM stage were the vital factors for the overall
and disease-specific survival of patients with CRC (Supplemen-
tary Table S2).

DKC1 promoted human CRC cell migration, invasion, and
angiogenesis in vitro
According to our previous research, CRC cohort suggested that
DKC1 expression was closely correlated with CRC metastasis. To
elucidate the role of the DKC1 in colon cancer cells, we
investigated its role in colon cancer cell migration and invasion.
We transfected control small interfering RNAs and specific
siRNAs targeting DKC1 (i.e., siDKC1#1 and siDKC1#2) or pLV-
EGFP-control and pLV-EGFP-DKC1 transiently in HCT116 and
DLD1 cells, respectively. After 48 h, DKC1 protein and mRNA
levels were knocked down in the two colon cancer cells (Fig. 2a,
c, respectively). Meanwhile, 24 h later, DKC1 protein and mRNA
expression were overexpressed in HCT116 and DLD1 cells
(Fig. 2b, d, respectively). Transwell assay showed that the
capacity of tumour cell migration and invasion was dramatically
reduced when DKC1 decreased in HCT116 and DLD1 cell lines
(Fig. 2e, g). By contrast, when DKC1 was overexpressed, the
amount of cell migration and invasion through the artificial
extracellular matrix significantly increased in HCT116 and
DLD1 cells (Fig. 2f, h).
Previous studies showed that angiogenesis played a crucial

role when tumours metastasised. To investigate whether DKC1
affects the ability of angiogenesis, we knocked down and
overexpressed DKC1 in HCT116 and DLD1, and then the medium
without foetal bovine serum was used to culture the processed
cells for 24 h. Afterwards, we cultured HUVECs on Matrigel with
the medium used above. The ability of HUVECs that were
cultured with the medium collected from the DKC1 knocked
down cells to form tubular structure was decreased compared
with the corresponding controls (Fig. 2i). By contrast, when we
used the medium that was collected from the cells, DKC1 was
overexpressed to culture HUVECs, and the number of the tubes
in which the HUVECs formed significantly increased compared
with the control group in vitro (Fig. 2j). In addition, we also
showed that DKC1 facilitates cell proliferation (Supplementary
Fig. S1A), but DKC1 has little effect on cell cycle (Supplementary
Fig. S1B).

DKC1 facilitated CRC cell migration, invasion, and angiogenesis by
increasing HIF-1α expression
HIF-1α plays an important role in tumour metastasis and
angiogenesis.38 Our data showed that DKC1 may have effects
on CRC cell migration, invasion, and angiogenesis. Then, we
further study whether DKC1 directly regulates HIF-1α expression
and its downstream target expression. Western blot analysis
showed that DKC1 downregulation in HCT116 and DLD1 cells
caused the inhibition of HIF-1α in normoxic (21% O2) or hypoxic
(1% O2) environment. Meanwhile, when DKC1 was over-
expressed, HIF-1α protein levels were also significantly increased
(Fig. 3a, b). HIF-1α-VEGF pathway is a classical signal pathway
that can regulate tumour angiogenesis and metastasis.24 To
explore whether DKC1 has an effect on HIF-1α-VEGF pathway
further, we performed Western blot analysis and real-time PCR
to verify the HIF-1α and VEGF protein and mRNA expression
levels when DKC1 was knockdown or overexpression. Our data
indicated that HIF-1α and VEGF protein and mRNA expression
were also positively regulated by DKC1 (Fig. 3c–f).

Table 1. Relationship between DKC1 expression and

clinicopathological features of CRC patients.

Variables Cases DKC1 expression
(n= 411 cases)

P a

Low (%) High (%)

All patients 411 132 (100) 279 (100)

Age (years) 0.593

≤ 60 172 58 (44) 114 (41)

>60 239 74 (56) 165 (59)

Gender 0.292

Males 203 60 (45) 143 (51)

Females 208 72 (55) 136 (49)

Lymph node metastasis 0.013

N0 250 92 (70) 158 (57)

N1/N2/N3 161 40 (30) 121 (43)

TNM stage <0.001

I 45 (34) 62 (22)

II 58 (44) 86 (31)

III 28 (21) 125 (45)

IV 1 (1) 6 (2)

Differentiationb 0.108

Poor 99 25 (19) 74 (27)

Moderate/high 307 105 (81) 202 (73)

Tumour diameter 0.632

≤5 cm 203 60 (45) 143 (51)

>5 cm 208 72 (55) 136 (49)

Distant metastasis 0.003

M0 379 129 (98) 250 (90)

M1 32 3 (2) 29 (10)

Depth of invasion 0.507

T1/T2 143 49 (37) 94 (34)

T3/T4 268 83 (63) 185 (66)

aTwo-sided Fisher’s exact tests
bThe type of differentiation of cancer in five patients cannot be assessed
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DKC1 regulated HIF-1α expression independently of interfering its
protein stability
To investigate whether DKC1 regulated HIF-1α by affecting its
protein stability, we barricaded the translation of HIF-1α by
using cycloheximide (CHX), an inhibiting agent of protein, and
collected the cells on schedule. The HIF-1α degradation rates
stayed the same in the mass regardless of DKC1 expression in
HCT116 cells (Fig. 4a). The previously synthesised HIF-1α protein
has the same decay rate regardless of whether the DKC1 content
is high or low. This phenomenon argued against DKC1
regulating HIF-1α protein stability. We also used the MG132,
which is an inhibitor of proteasome, to test HIF-1α expression
between control and DKC1 KD cells. As shown in Fig. 4b, HIF-1α
in DKC1 KD cells was not restored to the same level as the
control cells. MG-132 treatment abolished the downregulation
of protein HIF1a levels in CRC cells with knockdown of DKC1.
These two experiments together illustrated that DKC1 regulated
HIF-1α expression independently of interfering its protein
stability.

DKC1 promotes CRC migration, invasion and angiogenesis
through transcriptional regulating HIF-1α
DKC1 regulated somatic cell reprogramming and stem cell
maintenance by interacting with OCT4 and SOX2 to be recruited

into the promoter of the target gene. We speculated whether
DKC1 regulated HIF-1α expression at the transcriptional level by
acting on HIF-1α promoter. To confirm the relationship between
DKC1 and HIF-1α further, we performed IHC to examine HIF-1α
expression compared with DKC1 expression in tissue micro-
arrays. As shown in Fig. 5a, b, a positive correlation was
observed between DKC1 and HIF-1α expression levels (Pear-
son’s, r= 0.5113, P < 0.001). Dual-luciferase reporter assay
showed that the HIF-1α promoter’s transcriptional activity was
significantly decreased when DKC1 was knockdown (Fig. 5c).
Subsequently, HIF-1α promoter region was described, and we
designed six fragments that were the potential binding regions
in the HIF-1α promoter (Fig. 5d). Next, chromatin immunopre-
cipitation (ChIP) assay was carried out to investigate the
fragment of HIF-1α promoter that can be bonded together with
DKC1. The ChIP-qRT-PCR results indicated that DKC1 was mainly
bound to the P3-P5 binding regions of the HIF-1α promoter
(Fig. 5e).
To assess the role of HIF-1α in DKC1 induced CRC malignant

characters, we performed HIF-1α rescue assays. The plasmids that
can overexpress HIF-1α and two independent siRNAs targeting
DKC1 were co-transfected in HCT116 and DLD1 cells. The results
showed that HIF-1α rescue can remarkably save the VEGF
expression (Fig. 5f). Meanwhile, the cells’ capacities with regard
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Fig. 2 DKC1 promoted angiogenesis, migration and invasion of CRC cells. : (a, b) Western blot was used to test the DKC1 expression in
HCT116 and DLD1 cells with DKC1 knockdown (siRNA) and DKC1 overexpression (pLV-EGFP-DKC1). (c, d) Real-time PCR was used to test the
DKC1 expression in HCT116 and DLD1 cells with DKC1 knockdown(siRNA) and DKC1 overexpression (pLV-EGFP-DKC1). (e–h) Effects of DKC1
knockdown or overexpression on the migration and invasion in colon cancer cells. (i, j). Effects of DKC1on tube formation. Numbers of
complete tubular structures formed by HUVECs were counted for DKC1 knockdown or overexpression in HCT116 and DLD1 cells. Scale Bar:
50μm. Data are presented as the means ± SD for experiments in triplicate. Data are shown as mean ± standard deviations. *P < 0.05,
**P < 0.01, ***P < 0.001.

DKC1 enhances angiogenesis by promoting HIF-1α transcription and. . .

P Hou et al.

673



to migration, invasion, and angiogenesis were also reversed by
HIF-1α rescue (Fig. 5g–i).

DKC1 facilitated CRC cell angiogenesis, metastasis, and
proliferation in vivo
Hence, DKC1 has positive influences on colon cell angiogenesis,
metastasis, and proliferation in vitro. Then, we established stable
cell lines that DKC1 was knocked down in HCT116 cells for
further research. Western blot analysis showed that DKC1 was
knocked down in the stable cell lines (Fig. 6a). We injected the
stable DKC1-KD and control cells that were mixed with Matrigel
into BALB/c nude mice subcutaneously. After 6 days, we
measured the maximum length and width of the subcutaneous
tumours every second day when it can be significantly observed
(Fig. 6b). After 2 weeks, we resected the subcutaneous tumours
and measured their weight and volume. Our data exhibited a
significant decrease in the weight and volume of the tumours
with DKC1 stable knockdown cells compared with the control
cells (Fig. 6c, d). IHC assay showed that the DKC1 knockdown
xenograft tumour HIF-1α and VEGF protein expression was
decreased compared with the control group (Fig. 6e). CD31 for
assessing tumour angiogenesis and Ki67 for assessing tumour
proliferation were also reduced in DKC1 knockdown xenograft
tumour (Fig. 6e). We established stable HIF1α-overexpression
cell lines on the basis of stable DKC1-knockdown cells. Then, we
injected HCT116 cells with DKC1 stable knockdown or HIF-1α
rescue or control cells into BALB/c nude mice tail vein. After
45 days, all mice were sacrificed, and the lungs were excised.
Visual analysis indicated that the number of tumour metastases
were significantly reversed by HIF-1α rescue (Fig. 6f–h). This
result was further confirmed by lung HE staining (Fig. 6i). IHC

assay showed that the VEGF expression was upregulated by HIF-
1α rescue (Fig. 6j).

DISCUSSION
With the advancement of neoadjuvant chemoradiation,39

surgical procedures,40 and endoscopic treatment41 for CRC,
some early diagnosed CRC treatments have achieved good
therapeutic results, and the patient’s 5-year survival rate has
improved. However, for many advanced CRCs, especially CRCs
that have undergone distant metastasis, an effective treatment
is still unavailable.
Tumour development is a multifactor, multistep complex

process, including oncogene activation and tumour suppressor
gene inactivation. DKC1 was first discovered because its
mutation caused DC, which is associated with BMFSs and
tumour susceptibility.42 For neuroblastoma, DKC1 expression
inhibition slows down cell proliferation and inhibits xenograft
tumour growth in nude mice.29 DKC1 knockdown inhibits P65
expression in the NF-κB pathway and reduces the proliferation
and metastasis capacity of renal cancer cells.43 In the present
study, DKC1 protein is highly expressed in CRC tissues
compared with paracancerous tissues (Fig. 1a), and high DKC1
expression is associated with high grade of TNM stage and
additional lymph node metastasis (Table 1). DKC1 upregulation
is associated with poor prognosis in patients with prostate
cancer, neuroblastoma, and hepatocellular carcinoma.27–29

These findings are consistent with our studies showing that
upregulated DKC1 expression is correlated with poor 5-year
overall and disease-specific cumulative survival in patients with
CRC (Fig. 1e, f). Our studies showed that DKC1 serves as an
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independent prognostic factor for patients with CRC analysed
by univariate and multivariate COX analysis model (Supple-
mentary Tables S1 and S2).
Angiogenesis is one of the key factors in tumour invasion and

metastasis.44 Tumour angiogenesis is an extremely complex
process that generally involves the steps of vascular endothelial
matrix degradation, endothelial cell migration, endothelial cell
proliferation, endothelial cell tube branching to form vascular
rings, and formation of a new basement membrane. When
neovascularisation is formed inside the tumour tissue, it provides a

large amount of nutrients to the tumour cells, thereby causing the
cells to grow rapidly and infiltrate into the surrounding tissues,
and has a tendency to metastasise.45 Our studies showed that
HUVECs’ ability to form the tube was enhanced in conditioned
medium collected from HCT116 cells and DLD1 cells over-
expressing DKC1 (Fig. 2j). This phenomenon was further
confirmed because when DKC1 was knockdown, the number of
tubes was decreased compared with the control group (Fig. 2i).
Transwell assays demonstrated that the trend of cell migration
and invasion ability was consistent with the trend of angiogenic
ability when DKC1 was overexpressed or knocked down
(Fig. 2e–h).
VEGF is an important proangiogenic factor that provides

optimal matrix for tumour cell growth and new capillary network
by enhancing vascular permeability and extravasation of fibrino-
gen, and VEGF stimulates proliferation of vascular endothelial cells
and promotes angiogenesis.46 Our results confirmed that DKC1
can positively regulate VEGF expression. HIF-1α-VEGF pathway is a
classical signal pathway to regulate tumour angiogenesis.24 Next,
we focus on the relationship between DKC1 and HIF-1α. HIF-1α is
an active component of HIF-1 and belongs to the regulator of
hypoxia response, thereby regulating a variety of physiological
responses. Under hypoxic conditions, HIF-1α accumulates in the
cytosol and is translocated to the nucleus, thereby forming active
HIF-1α with HIF-1β and regulating downstream target genes
transcriptionally.21 In this study, DKC1 can positively regulate HIF-
1α in hypoxic and normoxic environments (Fig. 3a, b). DKC1 plays
a transcriptional role in somatic cell reprogramming and stem cell
maintenance. Fong et al.47 found that DKC1, which is the basic
component of snoRNPs, regulates transcription initiation. There-
fore, we speculated whether DKC1 directly acted on HIF-1α
promoter to enhance the ability of CRC angiogenesis and
metastasis. The result of ChIP-qRT-PCR investigated that DKC1
can bind to the P3, P4, P5 binding regions of HIF-1α promoter
(Fig. 5e).
Subcutaneous tumour model also showed that DKC1 knock-

down significantly inhibited tumour size. Therefore, we
speculated whether DKC1 has an effect on CRC cell prolifera-
tion. We performed CCK8 analysis to detect the cell prolifera-
tion, and the result indicated that DKC1 knockdown
significantly inhibited HCT116 and DLD1 cell proliferation. To
verify this result further, we performed a flow cytometry to
detect the change in cell cycle with DKC1 knockdown. Many
studies have shown that the disorder of cell cycle can have a
huge impact on cell proliferation.48 However, DKC1 knockdown
did not seem to affect the cell cycle of HCT116 and
DLD1 cells. In hypoxic conditions, the increase in the telomere
length of mesenchymal stem cell can significantly stimulate
mesenchymal stem cell proliferation49 and telomerase
activity inhibition slowed cell proliferation in cervical cancer50

and glioma.51 Dyskerin is a key constituent of telomerase,
and DKC1 maintains telomerase activity. Dyskerin inhibition
effectively reduces telomerase activity has been confirmed in
neuroblastoma.29 In future research, we will focus on
whether DKC1 affects CRC proliferation by affecting telomerase
activity.
In conclusion, our study demonstrated for the first time the role

of DKC1 in CRC angiogenesis and metastasis. The results showed
that DKC1 directly bound to the promoter region of HIF-1α to
enhance HIF-1α transcription, increase HIF-1α and VEGF expres-
sion, and promote CRC progression. Therefore, DKC1 may be
judged as an accurate indicator in predicting the prognosis of
patients with CRC and can be acted as a potential therapeutic
target for CRC.
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