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Abstract. The present study aimed to evaluate the effects 
of lysine‑specific demethylase 1 (LSD1) downregulation, 
induced by small interfering RNA (siRNA) transfection, on 
the proliferation, colony formation, migration and invasion 
of the papillary thyroid carcinoma K1 cell line. The siRNA 
targeting LSD1 and scrambled non‑targeting siRNA were 
each transfected into papillary thyroid carcinoma K1 cells. 
Downregulation of LSD1 mRNA and protein level was 
evaluated by reverse transcription‑quantitative polymerase 
chain reaction, and immunocytochemical (ICC) analysis and 
western blotting, respectively. A Cell Counting kit‑8 assay 
was applied to estimate the effect of LSD1‑siRNA on cell 
growth. Migration and invasion abilities were estimated by 
Transwell chamber assay. A soft agar colony formation assay 
was performed to estimate the effect of LSD1‑siRNA on 
tumorigenicity in vitro. ICC data showed that LSD1 protein 
was strongly expressed in the blank and control K1 cells 
compared with the LSD1‑siRNA cells (F=15.192, P<0.01). 
Compared with the control cells, cells transfected with 
siRNA targeting LSD1 exhibited significant downregulation 
of LSD1 mRNA (t=6.845, P<0.01) and protein (F=53.764, 
P<0.01) levels. siRNA targeting LSD1 also downregulated 
cell proliferation following transfection for 24, 48 and 72 h 
(t=4.777, P<0.001; t=3.302, P=0.003; and t=3.017, P=0.006, 
respectively). Compared with the control group, the amount 
of cell invasion was gradually reduced in the LSD1‑siRNA 
group (t=12.301, P<0.01). The number of migrating cells was 

significantly higher in the negative control group compared 
with the LSD1‑siRNA group (t=7.911, P<0.01), and the ability 
of colony formation in the LSD1‑siRNA cells was notably 
reduced in the soft agar formation assay (t=3.612, P=0.005). 
siRNA targeting LSD1 efficiently inhibits the proliferation, 
colony formation, migration and invasion of papillary thyroid 
carcinoma K1 cells.

Introduction

Thyroid cancer is the most prevalent type of malignant 
endocrine system cancer (1). Thyroid cancer is histologically 
classified into papillary, follicular, anaplastic and medullary 
thyroid cancer, and these subtypes account for ~80, 15, 2 and 
3% of all thyroid malignancies, respectively (2). During recent 
decades, there has been an increasing incidence rate of thyroid 
cancer observed in several countries, including France (3), 
USA (4), UK (5) and China (6). The mortality rate of thyroid 
cancer is relatively low; well-differentiated thyroid carci-
noma has a mortality rate of 4% (7), and the 10-year relative 
survival rate for thyroid carcinoma in the USA has improved 
from 95.4% in 1983 to 98.6% in 1999 (8). However, the rate 
of disease recurrence of this type of cancer is high due to 
increasing incurability rates (9). Recurrence is identified by 
fine-needle aspiration biopsy, which is considered valuable for 
the evaluation of single thyroid tumors (10). Currently, routine 
neck ultrasonography and monitoring of serum thyroglobulin 
levels are widely used for recurrence surveillance  (11,12). 
Treatments for thyroid cancer include surgical management, 
suppression therapy using levothyroxine and adjuvant radio-
active iodine (RAI) therapy. RAI ablation has been used 
routinely, particularly in low‑risk patients with thyroid cancer, 
for >30 years (13). However, previous studies have suggested 
that RAI confers only a minor benefit in reducing the risk 
of recurrence or mortality  (14,15). Considerable studies 
concerning oncogenic genetic alterations have been performed 
in thyroid cancer (16‑18). Additional knowledge is required 
regarding the molecular mechanisms of thyroid tumorigenesis, 
so that targeted treatment may be improved for patients with 
this disease.
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Lysine‑specific demethylase 1 (LSD1) was first identified 
in 2004 (19). LSD1 has been found to specifically catalyze 
the demethylation of histone 3 lysine 4 (H3K4) or histone 3 
lysine  9 (H3K9)  (20), and to demethylate the mono‑  and 
di‑methyl groups of proteins (19). It has been shown that LSD1 
suppresses gene expression by targeting histone H3K4 (21,22), 
while gene expression is activated by targeting histone H3K9. 
Although LSD1 is highly expressed in a number of cancer 
types, its mechanisms of action remain unknown. The present 
study aimed to evaluate the effects of LSD1 downregulation, 
induced by small interfering RNA (siRNA) transfection, on 
the proliferation, colony formation, migration and invasion of 
the papillary thyroid carcinoma K1 cell line.

Materials and methods

Cell culture. The human papillary thyroid carcinoma K1 cell 
line was purchased from the European Collection of Authenti-
cated Cell Cultures (Salisbury, UK). The cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and supplemented 
with inactivated 10% fetal bovine serum (FBS; Hyclone; GE 
Healthcare, Logan, UT, USA), glutamine (2 Mm), penicillin 
(100 U/ml) and streptomycin (100 mg/ml) in a 37˚C incubator 
with 5% CO2.

Transfection of siRNA. The sequences of the siRNA were as 
follows: LSD1‑siRNA sense, 5'‑CAC​AAG​GAA​AGC​UAG​
AAG​ATT‑3' and anti‑sense, 5'‑UCU​UCU​AGC​UUU​CCU​UGU​
GTT‑3'; and scrambled non‑targeting siRNA sense, 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3' and anti‑sense, 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​ATT‑3' (Shanghai GenePharma Co., Ltd., 
Shanghai, China). K1 cells (1.5x105 per well) were seeded in 
6‑well plates and incubated for 20 h at 37˚C. Using HiperFect 
Transfection Reagent (Qiagen GmbH, Wetzlar, Germany), the 
cells were transfected with either LSD1‑siRNA or non‑targeting 
siRNA. Diluted HiperFect Transfection reagent was placed in 
tube 1, while diluted siRNA was placed in tube 2. The two 
samples were diluted in serum‑free medium and incubated 
at room temperature for 5 min. Next, the reagents in tube 1 
were mixed with the siRNA in tube 2 gently by vortexing 
and incubation at room temperature for 30 min. The mixture 
was then added to the K1 cells in the 6‑well plates. After 6 h, 
complete medium with 10% serum was added to the K1 cells. 
The transfection medium was replaced after 24 h with fresh 
medium.

Immunocytochemistry staining. Immunocytochemistry 
staining was applied to observe the expression of LSD1 on 
the seeded K1 cells on cover slips. Sterilized cover slips were 
placed into 6‑well plates. A total of 100 µl K1 cell suspension 
was added to each cover slip. After 2‑4 h, the K1 cells had 
adhered in situ. Complete culture medium (3 ml) was added to 
each well of the 6‑well plates and the K1 cells were cultured 
for another 24‑36 h. Each cover slip was gently rinsed three 
times in phosphate‑buffered saline (PBS). Next, the K1 cells 
were fixed with 4% (v/v) paraformaldehyde in PBS for 20 min 
at room temperature. A brown colored stain was counted as 
positive expression, while blue staining was regarded as a 
negative result. An eyepiece graticule facilitated cell counting 

and was used to count the positive cells at a higher magnifica-
tion (x400), for which a minimum of 10 fields were used. Each 
experiment was performed on three replicate samples.

Cell Counting kit‑8 assay. Cell Counting kit‑8 (CCK8; 
Dojindo Molecular Technologies Inc., Kumamoto, Japan) 
was applied to determine the effect of LSD1‑siRNA on cell 
growth. K1 cells (3.6x103) transfected with siRNA‑LSD1 
were seeded into each well of 96‑well plates with 100 µl 
complete culture medium. At the same time, 3.6x103 K1 cells 
transfected with negative siRNA were also seeded into wells. 
The K1 cells were detected using CCK8 after being cultured 
for another 24, 48 and 72 h, respectively. At the indicated 
time points, the supernatant was removed and 100 µl DMEM 
containing 10 µl CCK8 was added to each well for another 
2  h at 37˚C. The wells with DMEM (90  µl) and CCK8 
(10 µl) were regarded as blank controls. The absorbance was 
recorded at a wavelength of 450 nm with a microplate reader 
(Model 550; Bio‑Rad Laboratories Inc., Hercules, CA, USA). 
Each experiment was performed in sextuplicate and repeated 
three times.

Soft agar colony formation assay. The 0.7% soft agar was 
made in 6‑well plates as a base layer and the 0.35% soft agar 
was placed on top mixed with suspended cells (1.0x103 cells 
per well). Each layer consisted of 3 ml soft agar containing 
complete growth medium. The cells were cultured for nearly 
14 days until formed colonies were visible. The visible colonies 
were then counted and images were captured. Each experi-
ment was performed on three replicate samples and repeated 
three times.

Invasion and migration assays. The invasion ability of the K1 
cells was detected in a 24‑well Transwell chamber (Corning 
Inc., Corning, NY, USA) covered with 50 µl of 2.0 mg/ml 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). Cells 
(1.5x104) in 200 µl of serum‑free medium were added to the 
upper chamber. DMEM (600 µl) supplemented with 15% FBS 
filled the lower chamber. Following incubation for 18 h at 37˚C, 
the remaining cells on the upper surface of the membrane were 
swabbed. Methanol was used to fix the invading cells on the 
lower surface for nearly 20 min, and crystal violet (0.1%) was 
used as a dye. An eyepiece graticule facilitated cell counting of 
the Transwell cells at a higher magnification (x400), for which 
a minimum of 10 fields were counted. A migration assay was 
performed using the same steps without the Matrigel layer, and 
3x104 cells were added to the upper chamber. Each experiment 
was performed on three replicate samples and repeated three 
times.

Total RNA isolation, reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Transfected cells were 
harvested at the 48 h time point after transfection. Total RNA 
was isolated using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific). RNA (1 µg) was used for the first‑strand cDNA 
synthesis with reverse transcriptase (Promega Corporation, 
Madison, WI, USA), according to the manufacturer's protocol. 
Next, RT‑qPCR was performed using a SYBR Green qPCR 
kit (Roche Diagnostics, Indianapolis, IN, USA) according to 
the manufacturer's protocol, and the LineGene 9600 PCR 
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detection system (Hangzhou Bioer Technology Co., Ltd, 
Hangzhou, China). Relative mRNA levels of LSD1 were 
normalized to levels of β‑actin and normalized using the 2‑ΔΔCq 
method (23). The cycling conditions were as follows: 95˚C 
for 5 min for 1 cycle, then 95˚C for 5 sec, 50˚C (annealing) 
for 30 sec and 72˚C for 32 sec, for 35 cycles. Specific primer 
pairs were used for LSD1 (forward, 5'‑ATG​TGT​GAG​GGA​
ACT​TGC​CACC‑3' and reverse, 5'‑TTG​GCA​CAC​TCC​AGG​
GCT​TTC​A‑3') and β‑actin (forward, 5'‑GAG​CAA​GAG​AGG​
CAT​CCT​CA‑3' and reverse, 5'‑AGC​CTG​GAT​AGC​AAC​GTA​
CA‑3') (Shanghai GenePharma Co., Ltd.). The experiment was 
performed on 3 replicate samples and was repeated 3 times.

Western blot analysis. Western blot analysis was performed at 
the 48 h time point after transfection. The cells were washed 
with PBS three times and were lysed with radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology, 
Haimen, China). The concentration of LSD1 protein was 
determined using a Bicinchoninic Acid Protein Assay kit 
(Pierce™; Thermo Fisher Scientific, Inc.). Subsequent to being 
separated by 10% sodium dodecyl sulfate‑polyacrylamide gel 
electrophoresis, the LSD1 protein was transferred onto poly-
vinylidene difluoride membranes. After being blocked with 
PBS with Tween 20 (PBST) and 5% dried skimmed milk for 
1 h, the membranes were incubated with the monoclonal rabbit 
anti‑human LSD1 primary antibodies (cat. no. 2184; dilution 
1:400; Cell Signaling Technology, Inc., Danvers, MA, USA) 
at 4˚C for 24 h. The membranes were then washed three times 
with PBST and incubated with goat anti‑rabbit horseradish 

peroxidase‑conjugated immunoglobulin G secondary antibody 
(cat. no. BA1054; dilution 1:1,000; BosterBio, Wuhan, China). 
Proteins were detected using the Enhanced Chemiluminescent 
Kit for Western (BosterBio).

Statistical analysis. Statistical comparisons of data were 
evaluated by using Student's t‑test (two groups) or an analysis 
of variance (≥three groups), using SPSS 13.0 software (SPSS 
Inc., Chicago, IL, USA). P<0.05 was used to indicate a statisti-
cally significant difference.

Results

Transfection of LSD1‑siRNA downregulates the expression of 
LSD1 in K1 cells. LSD1‑siRNA and negative control siRNA 
were transfected into the papillary thyroid carcinoma K1 cells. 
Fluorescent light was uniformly emitted in the cytoplasm, 
as detected by fluorescence microscopy (Fig. 1A). Immu-
nocytochemical (ICC) analysis was performed to detect the 
expression of LSD1 in the three groups of K1 cells, namely 
the blank, LSD1‑siRNA and negative control siRNA groups. 
The results demonstrated that the transfection of LSD1‑siRNA 
downregulated the expression of LSD1 (Fig.  1B). Higher 
LSD1 expression was present in the nuclei of the blank and 
negative control cells compared with the LSD1‑siRNA K1 
cells (F=15.192, P<0.01) (Fig. 2A), with only weak staining 
observed on the cover slips for cells with LSD1‑siRNA. There 
was no statistical difference between the blank and negative 
control groups (P>0.05).

Figure 1. (A) Fluorescent light was found to be emitted uniformly in the cytoplasm upon fluorescence microscopy at a high magnification (x200) in control 
siRNA and LSD1‑siRNA cells. Scale bar, 200 µm. (B) LSD1 expression and distribution located in the nuclei of the K1 cells. Positive expression of LSD1 
was high in cells transfected with negative control siRNA and in the blank control. Expression was significantly downregulated in the LSD1‑siRNA cells. 
3,3'-Diaminobenzidine and hematoxylin staining; magnification, x400; scale bar, 20 µm. (C) The number of invading cells and (D) migrating cells in the negative 
control siRNA group was larger than that for the LSD1‑siRNA group. Crystal violet staining; magnification, x100; scale bar, 100 µm. (E) Western blot analysis 
implied that compared with the blank and negative control groups, transfection with LSD1‑siRNA reduced the expression level of LSD1 protein significantly. 
LSD1, lysine‑specific demethylase 1; siRNA, small interfering RNA.

  A   B

  C   D   E
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To verify the aforementioned data, the mRNA levels 
of LSD1 were measured by RT‑qPCR using the relative 
expression value to β‑actin. Transfection of siRNA targeting 
LSD1 resulted in a significant decrease in the expression 
of LSD1. The relative values revealed that compared with 
the control, transfection with LSD1‑siRNA statistically 
decreased the expression level of LSD1 mRNA (t=6.845, 
P<0.01) (Fig. 2B). Western blot analysis was used to detect 
the expression level of LSD1 protein using the β‑actin gray 
value as a reference (Fig. 1E). The results indicated that 
compared with the blank cells, the LSD1‑siRNA trans-
fected cells exhibited a significantly reduced expression 
level of LSD1 protein (F=53.764, P<0.01) (Fig. 2C), while 

no statistical difference was found between the blank and 
scrambled control groups (P>0.05).

Knockout of LSD1 reduces the proliferation of K1 cells. 
CCK‑8 was used to investigate the effect of LSD1‑siRNA 
on the proliferation of the K1 cells. CCK‑8 detects the 
number of viable cells in proliferation assays. In this process, 
water‑soluble tetrazolium‑8 is reduced by dehydrogenase to 
produce formazan, which exhibits an orange color, and is 
dissolved in the culture medium. This means that the amount 
of formazan is directly proportional to the number of viable 
cells. In the present study, it was shown that compared with the 
control group, the optical density of the K1 cells transfected 

Figure 2. (A) Immunocytochemistry result showing that the expression of LSD1 was downregulated in the LSD1‑siRNA cells. (B) Quantification result exhibiting 
the notable difference between the two groups. (C) Western blot analysis result indicating the marked difference among the three groups. (D) Quantification 
result revealing that compared with the control cells, the cell invasion ability in the LSD1‑siRNA cells was significantly inhibited. (E) Data on migration 
assay showing that the amount of migrated cells was notable higher for the negative control cells than for the LSD1‑siRNA group. (F) Quantification result 
indicating that compared with the control cells, the ability of colony formation in the LSD1‑siRNA cells was notably reduced in the soft agar formation assay. 
**P<0.01 vs. blank group (negative control). LSD1, lysine‑specific demethylase 1; siRNA, small interfering RNA.

  A   B   C

  D   F  E

Table I. OD value of the proliferation of the K1 cells, as measured by Cell Counting kit‑8 assay (mean ± standard deviation).

	 24 h	 48 h	 72 h
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
Groups	 OD 	 t‑value	 P‑value	 OD	 t‑value	 P‑value	 OD	 t‑value	 P‑value

Control siRNA	 0.526±0.062	 4.777	 <0.001	 0.941±0.075	 3.302	 0.003	 1.186±0.050	 3.017	 0.008
LSD1‑siRNA	 0.419±0.047			   0.796±0.132			   1.119±0.060

OD, optical density; siRNA, small interfering RNA; LSD1, lysine‑specific demethylase 1.
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with LSD1‑siRNA at 24, 48 and 72 h was reduced notably 
to 0.419±0.047 (t=4.777, P<0.001), 0.796±0.132 (t=3.302, 
P=0.003) and 1.119±0.060 (t=3.017, P=0.006), respectively 
(Table I).

Absence of LSD1 inhibits the invasion and migration of 
K1 cells in vitro. The cell invasion ability was investigated 
by Transwell assay. Compared with the scrambled control 
group (Fig. 2D), the amount of invasive cells was reduced 
from 23.31±5.65 to 10.02±4.54 following transfection with 
LSD1‑siRNA (t=12.301, P<0.01; Fig. 1C). Similar results were 
observed (Fig. 1D) showing that the number of migrated cells 
was significantly higher for the negative control cells than 
for the cells transfected with LSD1‑siRNA (t=7.911, P<0.01; 
Fig. 2E).

Loss of LSD1 downregulates the ability of colony forma‑
tion. A soft agar colony formation assay was performed to 
evaluate the effect of LSD1‑siRNA on tumorigenicity in vitro. 
Compared with in the control cells, fewer number of colonies 
were observed (Fig. 3) in the LSD1‑siRNA group (t=3.612, 
P=0.005), as shown in Fig. 2F.

Discussion

Genetic and epigenetic modifications have been shown to 
exhibit a significant role in the tumorigenesis and develop-
ment of cancer. Stable inheritance of epigenetic states is 
essential for the maintenance of specific functions in cells and 
tissues (24). Modification of epigenetic states in gene regula-
tion was suggested 40 years ago. Epigenetic alterations are 
reversible, and significantly contribute to tumor initiation and 
progression (24,25). Histone methylation is a major determi-
nant of chromatin structure and function, and plays key roles 
in heterochromatin formation, transcriptional regulation and 
DNA repair (26). Further study of the epigenetic mechanisms 
may aid in the identification of a novel cancer‑related network, 
provide attractive targets for cancer and enable novel insights 
into the biological characteristics of thyroid cancer to be 
obtained.

LSD1 was first identified in 2004, and suggested that 
methylation modifications may be reversible  (19). Histone 
methylation shows a dynamic process that is regulated 
through the alteration of methyl groups by methylases and 
demethylases. As a member of the monoamine oxidase family, 
LSD1 catalyzes the specific demethylation of H3K4me1/2 
and H3K9me1/2 via a process that requires flavin adenine 
dinucleotide as an essential redox cofactor  (19,21). Recent 
studies have demonstrated that LSD1 exhibits an important 
role in chromatin remodeling and transcriptional regulation 
in a number of cancers  (27), including breast cancer  (28), 
non‑small cell lung cancer (29), gastric cancer (30), ovarian 
cancer (31), prostate cancer (32), osteosarcoma (33) and neuro-
blastoma (34). Epigenetic changes in LSD1 have been shown 
to play a key role in carcinogenesis. LSD1 is regarded as a 
predictive marker for malignant transformation as the overex-
pression of LSD1 is associated with poor differentiation and 
poor survival (31,34‑36). LSD1 promotes the growth, invasion 
and migration of cancer cells (28), while inhibiters of LSD1 
suppress the proliferation, migration and invasion of cancer 
cells (30,32,37).

Thyroid carcinoma is the most common malignancy of the 
endocrine system and is rapidly increasing in incidence (1). 
Therefore, clinical markers are urgently required in order to 
form prognoses and diagnoses for thyroid carcinoma. Our 
previous study showed that LSD1 plays an important role in 
the occurrence, malignant transformation and progression 
of thyroid tumors; the positive expression of LSD1 was used 
to evaluate the diagnosis of thyroid carcinoma carcinogen-
esis (38). Since LSD1 shows a strong association with cancer, 
it may play an important role in the molecular mechanism of 
thyroid carcinoma. Inhibiters of LSD1, including miRNAs, 
are used to regulate histone modification (39,40). Therefore, 
to continue our previous study, the present study analyzed 
the effects of siRNA targeting LSD1 in papillary thyroid 
carcinoma K1 cells. A focus was placed on LSD1 in terms 
of its expression and the effects of this downregulated 
expression on cell proliferation, colony formation, migration 
and invasion in vitro. ICC data demonstrated that siRNA 
targeting LSD1 lowered the expression of LSD1 in the papil-
lary thyroid carcinoma cells; the LSD1 mRNA and LSD1 
protein levels were significantly suppressed. siRNA also 
suppressed the proliferation, and the invasion and migration 
abilities of the K1 cells. Tumorigenicity in vitro was evalu-
ated by soft agar colony formation assay, and the ability for 
colony formation was reduced notably following transfection 
with siRNA.

Overall, the present data revealed that the knockdown of 
LSD1 expression suppressed the proliferation, migration, inva-
sion and tumorigenicity in papillary thyroid carcinoma cells. 
Due to the strong association with cancer, LSD1 could be a 
target for drug discovery, and efficient inhibiters of LSD1 used 
in the regulation of histone modification could open up a broad 
field of research in cancer therapy.
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Figure 3. A soft agar colony formation assay was performed to evaluate 
the effect of LSD1‑siRNA on tumorigenicity in vitro. A greater number 
of colonies were observed in the (A) LSD1‑siRNA group compared with 
the (B) control group. Colonies were observed by the naked eye. LSD1, 
lysine‑specific demethylase 1; siRNA, small interfering RNA.
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