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 Background: Leukemia cells have strong proliferation and anti-apoptosis capabilities. The purpose of this study was to 
investigate the effect of silencing the leucine-rich alpha-2-glycoprotein1 (LRG1) gene, which was found to reg-
ulate tumor proliferation and apoptosis in acute myeloid leukemia (AML) cell lines.

 Material/Methods: Plasmid interference technique was used to silence the LRG1 gene in the KASUMI-1 cell line. The cell counting 
kit-8 (CCK-8) assay was used to test the effect of transduction on cell viability. Cell cycle and apoptosis were 
detected by flow cytometry. Western blot and quantitative real-time polymerase chain reaction (RT-qPCR) were 
applied to detect the expression levels of proteins and mRNA, respectively.

 Results: KASUMI-1 cells with the CD34+CD38– phenotype were sorted by flow cytometry. After transfection of the siLRG1 
plasmid, the level of LRG1 expression was downregulated and cell viability was reduced. Silencing of LRG1 gene 
blocked KASUMI-1 cells in G0/G1 phase and promoted apoptosis. Further experiments found that LRG1 gene 
silencing significantly downregulated cell cycle-associated proteins and anti-apoptotic proteins, while upregu-
lating pro-apoptotic proteins. Downregulation of LRG1 gene expression also inhibits signal transduction of the 
JAK-STAT pathway.

 Conclusions: LRG1 gene silencing regulates the expression of cyclin and apoptosis-related proteins to reduce cell viability 
and promote apoptosis, probably through inhibition of the JAK-STAT pathway.

 MeSH Keywords: Apoptosis • Cell Cycle • Leukemia, Myeloid, Acute

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/911249

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Department of Hematology, Guizhou Provincial People’s Hospital, Guiyang, 
Guizhou, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 8348-8356 

DOI: 10.12659/MSM.911249

8348
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Acute myeloid leukemia (AML) is a type of malignant clonal 
hematological disease in which hematopoietic stem and 
progenitor cells are derived [1]. The annual incidence rate is 2–4 
per 100 000 population, and the median age of onset is 64–70 
years, accounting for more than 80% of adult leukemia cases. In 
the past 40 years, AML treatment has made great progress, and 
the complete remission rate has reached 50–80% [1]. However, 
the toxic and adverse effects of chemotherapy drugs, the 
increase in drug resistance, and relapse are still problems [2]. 
Leukemia cells continuously proliferate and self-renew, and 
there are defects in apoptosis and differentiation [3]. Therefore, 
a therapeutic approach that seeks to increase the apoptosis 
of leukemic cells is of great significance to AML.

The leucine-rich alpha-2-glycoprotein1 (LRG1) gene-encoded 
LRG1 protein is a membrane-associated leucine-rich repeat 
(LRR) family member that is induced by pro-inflammatory 
cytokines [4]. Previous studies have shown that LRG1 is overex-
pressed in ulcerative colitis, immune responses, and neovascu-
larization [5–7]. Recent studies have found that the LRG1 gene 
is also overexpressed in a variety of tumors, including colorectal 
cancer, hepatocellular carcinoma, and ovarian cancer [7–9]. 
Although a study has found that the expression level of LRG1 
gene is increased in leukemia, there are few studies on the 
biological function of the LRG1 gene in leukemia and the reg-
ulation of downstream signaling pathways [10].

A previous study has found that the growth of cancer cells 
can be inhibited by silencing the LRG1 gene in colon cancer, 
and LRG1 gene silencing has been shown to inhibit tumor cell 
proliferation by affecting apoptosis at the protein and cyclin 
levels [11,12]. The JAK/STAT signaling pathway is a rapidly 
transmitting signal pathway that is a central pathway for acti-
vation of binding of various cytokines to receptors, and it par-
ticipates in the processes of tumor proliferation, differentia-
tion, and apoptosis [13]. Activation of the JAK/STAT signaling 
pathway is closely related to the occurrence and development 
of various tumors, and a variety of inhibitors of JAK/STAT sig-
naling pathways have been discovered and shown to play an 
important role in the treatment of tumors [14]. Since the US 
Food and Drug Administration (FDA) approved Ruxotinib for 
myelofibrosis indications in 2012, many other similar prepara-
tions have also entered clinical trials [15]. This has contributed 
to the research interest in inhibition of the JAK/STAT signaling 
pathway in hematological neoplastic diseases [16].

To investigate the biological function of LRG1 in leukemia cells 
and its mechanism of action, we used plasmid interference 
gene silencing techniques to study cell viability and apoptosis 
after LRG1 gene silencing in the human AML cell line KASUMI-1. 
By examining the expression levels of the relevant apoptotic 

proteins, cyclins, and signal pathways, we explored the mech-
anism of action of LRG1 in the KASUMI-1 cell line and provide 
ideas for the treatment of AML.

Material and Methods

Cells culture

The human AML cell line KASUMI-1 was purchased from ATCC 
(USA). Cells were cultured in RPMI 1640 medium containing 
10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin 
at 37°C in a 5% CO2 incubator. Culture-related reagents were 
purchased from GIBCO Invitrogen (USA).

Flow cytometry detection and sorting of CD34+/CD38– cells

We collected 1.0×106 KASUMI-1 cells, washed them with PBS 
and resuspended them. Then, we added 20 μL mouse anti-
human monoclonal antibodies CD34-PE (ab157304, Abcam, 
dilution: 1: 4000) and CD38-FITC (ab1173, Abcam, dilution: 
1: 6000) and the sample was incubated at room temperature 
in the dark for 30 min, and then washed with PBS. A flow 
cytometer (Becton Dickerson, San Jose, CA, USA) was used to 
test and sort CD34+/CD38- cells, and FITC and PE fluorescent 
antibodies were used as isotype controls. The same method 
was applied to detect the sorted cells.

Construction and transfection of siLRG plasmid

siLRG was purchased from GenePharma (China). siRNA transfec-
tions were performed using Lipofectamine 2000 (Invitrogen, USA) 
as the siLRG1 group. Negative-siRNA as the NC group and untrans-
fected group (control group) was also established. The transfec-
tion efficiencies were detected using quantitative real-time poly-
merase chain reaction (RT-qPCR) and Western blot, respectively.

Cell viability analysis

The Cell counting kit-8 (CCK-8) assay was used to detect cell 
viability at 6 h, 12 h, and 24 h after transfection. The kit was 
purchased from Tongren (Japan). We inoculated 100 mL of the 
transfected cells in a 96-well plate and pre-incubated it at 37°C 
in a 5% CO2 incubator, and then 10 mL of CCK-8 reagent was 
added and cultured at 37°C in 5% CO2 atmosphere for 4 h. The 
absorbance of each well at 450 nm was measured using a mi-
croplate reader (ELX 800, Bio-Teck, USA), and cell viability was 
calculated according to the standard curve.

Evaluation of cell cycle

The transfected cells were collected and washed with PBS 
at 0°C, and then fixed with 75% ethanol at –20°C for 12 h. 
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After fixation, the cells were treated with 10 μL of RNase A 
(10 mg/mL, TaKaRa, Japan) for 30 min at 37°C. Then, the cells 
were stained with 50 μL of PI (250 μg/mL) and detected by flow 
cytometry. The flow cytometry results were processed using 
FlowJo V10 software (Becton, Dickinson & Company, USA).

Evaluation of cell apoptosis

Flow cytometry was used to detect cell apoptosis with kits pur-
chased from BD Pharmingen (USA). We washed 1×106 cells with 
PBS at 4°C and resuspend them to a concentration of 4×105 
cells/mL. We added 5 μL of Annexin V-FITC into 200 μL of cell 
solution, and then 10 μL propidium iodide (PI, 20 μg/mL) was 
added. The samples were incubated at room temperature in 
the dark for 10 min. Flow cytometry was applied to assess cell 
apoptosis. The wavelength of the light source was 488 nm.

RT-qPCR analysis

RT-qPCR was used to detect the expression levels of Cyclin D1, 
Proliferating Cell Nuclear Antigen (PCNA), Bax, Bcl-2, pro-Cas-
pase-3, and cleaved-Caspase-3 genes. The cells were triturated 
and lysed using Trizol (TaKaRa, Japan) at 0°C for 5 min. RNAs 
were extracted by CCl3 (Aladdin, China) and dissolved in DEPC 
water (Sigma aliquots). RNA concentration was measured by 
using a UV spectrophotometer (NanoDrop One Microvolume 
UV-Vis spectrophotometer, ThermoFisher, USA). Reverse tran-
scription assays were performed on RNA samples using a 
reverse transcription kit (TaKaRa, Japan) to synthesize cDNA. 

The reverse transcription reaction condition was 37°C for 15 min 
and the reverse transcriptase inactivation condition was 85°C 
for 15 s. RT-qPCR experiments were performed with the SYBR 
Prellix Ex TaqTM Real-Time PCR Kit (TaKaRa, Japan). PCR was 
performed by activating the DNA polymerase at 95°C for 5 min, 
followed by 40 cycles of two-step PCR (95°C for 10 s and 60°C 
for 30 s and a final extension at 75°C for 10 min and held at 
4°C. DnaSe and RNase-free water were used as the templates 
of negative control experiments. All primers were obtained 
from Genewiz (Suzhou, Jiangsu China) and are listed in Table 1. 
GAPDH was considered as an internal control. The formula 2–

DDCT was used to analyze the gene expression.

Western blot

Western blot analysis was applied to detect cell cycle-associated 
proteins (Cyclin D1 and PCNA), apoptosis-related proteins 
(Bax, Bcl-2, pro-Caspase-3 and cleaved-Caspase-3), and JAK-
STAT pathway-related proteins (p-JAK2, JAK2, p-STAT3, STAT3). 
Cells were lysed with liquid nitrogen and blocked with RIPA 
(Abmole, USA), followed by 1% cleavage in PMSF and phos-
phatase inhibitors (Abmole, USA) and lysis for 30 min at 4°C. 
The supernatant was collected by centrifugation at 12 000 
rpm and 4 min at 4°C for 15 min. A standard curve was drawn 
using the BCA method to determine the protein concentration. 
A 10% SDS-PAGE gel was prepared without RNase dH2O and 
used for electrophoresis. The PVDF membrane (Bio-Rad, USA) 
was transferred using a Trans-Blot Transfer Slot (Bio-Rad, USA) 
and blocked with 5% fat-free milk for 2 h at room temperature. 

Primer name Sequence (5’-3’) Product size (bp)

LRG1-Forward GCAAUUAGAACGGCUACAUT T
195

LRG1-Reverse AUGUAGCCGUUCUAAUUGCTT

Cyclin D1-Forward CTGGCCATGAACTACCTGGA
245

Cyclin D1-Reverse GTCACACTTGATCACTCTGG

PCNA-Forward CACCTTAGCACTAGTATTCGAAGCAC
137

PCAN-Reverse CACCCGACGGCATCTTTATTAC

Bcl-2-Forward CTGGTGGACAACATCGC
317

Bcl-2-Reverse GGAGAAATCAAACAGAGGC

Bax-Forward TCCACCAAGAAGCTGAGCGAG
345

Bax-Reverse TTCTTTGAGTTCGGTGGGGTC

pro-Caspase-3-Forward TCTGGAGCATCTGCTGTCTG
317

pro-Caspase-3-Reverse TTGACGTCTGTGGTCCGTCC

cleaved-Caspase-3-Forward TCCGAATTCATGGAGAACACTGAAAACTC
435

cleaved-Caspase-3-Reverse ATCGTCGACTCAAACATCACGCATCAATTCCAC

GAPDH-Forward CCATCTTCCAGGAGCGAGAT
222

GAPDH-Reverse TGCTGATGATCTTGAGGCTG

Table 1. The sequences of primers.
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The primary antibodies (anti-LRG1, Abcam, ab178698, dilution: 
1: 800; anti- Cyclin D1, Abcam, ab134175, dilution: 1: 800; 
anti-PCNA, ab29, Abcam, dilution: 1: 700; anti-Bax, Abcam, 
ab32503, dilution: 1: 600; anti-Bcl-2, Abcam, ab32124, dilu-
tion: 1: 1000; anti-pro-Caspase-3, Abcam, ab32150, dilution: 
1: 600; anti- cleaved-Caspase-3, Abcam, ab13585, dilution: 
1: 800; anti-p-JAK2, Abcam, ab32101, dilution: 1: 600; anti-
JAK2, Abcam, ab108596, dilution: 1: 700; anti-p-STAT3, Abcam, 
ab76315, dilution: 1: 900; anti-STAT3, Abcam, ab119352, 
dilution: 1: 800) were added according to the kit instruc-
tions, shaken at room temperature for 2 h, then incubated 
at 4°C for 12 h. The secondary antibodies (goat anti-mouse 
IgG, Abcam, ab6785, 1: 8000; rabbit anti-mouse IgG, Abcam, 
ab99697, dilution: 1: 9000; mouse anti-rabbit IgG, Invitrogen, 
BA1034, 1: 7000; donkey anti-rabbit IgG, R&D, NL004, 1: 5000; 
Rabbit Anti-Human IgG, Abcam, ab6759, dilution: 1: 10000) 
were added and incubated at room temperature for 1.5 h. 
Chemiluminescence detection was carried out using ECL re-
agent (Huiying, Shanghai, China).

Statistical analysis

All the experimental data are presented as mean ± standard 
deviation (SD). Statistical analysis was performed using SPSS 
20 (SPSS, Inc., Chicago, IL, USA). One-way analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison was car-
ried out to evaluate differences between experimental groups. 
Statistical significant is expressed as P<0.05.

Results

Expression of surface molecules of CD34 and CD38 of 
KASUMI-1 cells

Hematopoietic stem cells and early-differentiated progenitor 
cells are defined as CD34+CD38–. The experimental results 
showed that the majority of KASUMI-1 cells were CD34+CD38–, 
but there were still other antigenic phenotype cells (Figure 1A). 
After sorting by flow cytometry, higher purity CD34+CD38– cells 
were obtained (Figure 1B). CD34+CD38– cells were considered 
to be hematopoietic stem cells and early-differentiated pro-
genitor cells. The cells used in this experiment were all sorted 
KASUMI-1 cells with CD34+CD38-.

Transfection of the siLRG1 plasmid reduced the expression 
level of LRG1

To study the transfection efficiency of siLRG1 plasmids, RT-qPCR 
and Western blot were applied to study transfection efficiency. 
The results showed that siLRG1 mRNA and protein expres-
sion levels decreased significantly after transfection (P<0.01) 
(Figure 2A, 2B). This shows that our plasmid construction and 
transfection were successful.

Transfection of the siLRG1 plasmid reduced KASUMI-1 cell 
viability

Cell viability was tested by using the CCK-8 assay. After 12 h 
and 24 h of transfection, the viability of KASUMI-1 cells was 
decreased (P<0.05) (Figure 2C). Therefore, we speculated that 
silencing of LRG1 gene can inhibit the growth of KASUMI-1 cells.
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Figure 1.  Flow CD34+CD38– KASUMI-1 cells were sorted by flow cytometry. (A) Only 63.4% of KASUMI-1 cells were CD34+CD38– 
phenotype before sorting. (B) After selection, 90.3% of KASUMI-1 cells had CD34+CD38– phenotype.

8351
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xiao S. et al.: 
Leucine-rich alpha-2-glycoprotein1 gene…
© Med Sci Monit, 2018; 24: 8348-8356

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



LRG1 gene silencing induced cell arrest at G0/G1 and 
downregulated the expression of Cyclin D1 and PCNA 
proteins

To investigate how LRG1 gene silencing affects cell viability, 
the cell cycle was detected by flow cytometry. Compared with 
the control group and the NC group, the number of cells in 
the G0/G1 phase was increased in the siLRG1 group, while 
the number of cells in G2/M phase was decreased (P<0.05) 
(Figure 3A–3D). This indicates that downregulation of LRG1 
gene expression can induce cell arrest in the G0/G1 phase and 
reduce cell viability. To investigate the cause of cell blocking 
in G0/G1, Western blot analysis and RT-qPCR were applied 
to assess the expression of cell cycle-related proteins Cyclin 
D1 and PCNA. The results showed that LRG1 gene silencing 
significantly downregulated the expression of Cyclin D1 and 
PCNA genes and proteins (P<0.01) (Figure 3E–3G). This sug-
gests that after silencing the LRG1 gene, KASUMI-1 cells were 
arrested in G0/G1 phase by downregulating the Cyclin D1 and 
PCNA expression levels.

Silencing of LRG1 gene promoted apoptosis, promoted 
Bax and Cleaved-Caspase-3, and inhibited Bcl-2 and Pro-
Caspase-3 expression

To fully explore how LRG1 downregulation affects cell viability, 
flow cytometry was used to detect apoptosis. There was no 

difference between the NC group and the control group. The 
proportion of apoptosis in the siLRG1 group was higher than 
in the NC group (P<0.01) (Figure 4A–4D). To further explore the 
causes of apoptosis, were detected Bax, Cleaved-Caspase-3, 
Bcl-2, and Pro-Caspase-3 mRNAs and proteins by Western blot 
analysis and RT-qPCR, respectively. The results showed that 
Bax and Cleaved-Caspase-3 in the siLRG1 group were higher 
than in the NC group, but Bcl-2 and Pro-Caspase-3 were lower 
(P<0.05) (Figure 4E–4G). This suggests that silencing of the LRG1 
gene promoted KASUMI-1 cell apoptosis by upregulating pro-
apoptotic proteins and downregulating anti-apoptotic proteins.

Downregulation of LRG1 inhibited JAK-STAT pathway

To further investigate downregulation of the LRG1 gene on 
molecular substrates affecting cyclins and apoptosis-related 
proteins, Western blot analysis was used to detect JAK-STAT 
pathway-related proteins. The results showed that the ex-
pression of JAK2 and STAT3 protein in the siLRG group cells 
was not changed among groups (P>0.05), but the phosphor-
ylation levels of JAK2 and STAT3 were significantly downreg-
ulated when LRG1 was silenced (P<0.05) (Figure 5A, 5B). This 
result shows that downregulation of the LRG1 gene inhibits 
signal transduction of the JAK-STAT pathway.
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Discussion

LRG was first isolated from human serum by Haupt and 
Baundner in 1977 and the amino acid sequence was deter-
mined in 1985 [17]. LRRs often play an important role in cell 
adhesion, survival, and signal transduction, as well as in gene 
repair, recombination, transcription, and other processes [18]. 
Studies have suggested that LRG-1 can promote angiogenesis, 
especially abnormal blood vessel growth [7]. Previous studies 
have suggested that overexpression of LRG1 can increase the 
ability of tumor cells to invade and metastasize, and that the 
downregulation of LRG1 expression levels may occur via regu-
lation of extracellular matrix and epithelial-mesenchymal tran-
sition [19]. We also found that LRG1 has a relationship with cell 
proliferation. To improve the stringency of the experiment and 
the credibility of the results, we used flow cytometry to define 

the KASUMI-1 leukemia cells of CD34+CD39–. For leukemic 
cell lines, the proliferation or apoptosis response should be 
studied. The results of this study showed that the cell viability 
of KASUMI-1 cells decreased when LRG1 was silenced. This 
suggests that LRG gene silencing has the effect of inhibiting 
KASUMI-1 cell viability.

Although overexpression of LRG1 has been demonstrated in a 
variety of tumor cells, its molecular mechanism is still unclear. 
To further investigate how LRG silencing downregulates cell vi-
ability, we found through flow cytometry that downregulation 
of LRG1 gene expression results in cell cycle arrest in G0/G1 
phase and induction of apoptosis. This shows that silencing 
the LRG1 gene causes KASUMI-1 cells to stay in the G0/G1 
phase and promote apoptosis. Subsequent experiments also 
confirmed a significant downregulation of Cyclin D1 and PCNA 
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levels after transfection of the siLRG1 plasmid. Cyclin D1 is one 
of the most important proteins regulating the cell cycle. It can 
bind to and activate the unique cyclin-dependent kinase CDK4 
during G1 to promote cell cycle progression from G1 to S, which 
promotes cell proliferation [20]. Cyclin D1 is involved in the im-
mortalization of tumor cells [21]. PCNA is involved in cellular 
DNA synthesis. PCNA is not significantly expressed in G0-G1 
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Caspase-3 in different gruops. (G) RT-qPCR was used to detect mRNA of Bcl-2, Bax, pro-Caspase-3 and cleaved-Caspase-3. 
* P<0.05, ** P<0.01, versus control group.
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Figure 5.  Effect of siLRG1 plasmid transfection on JAK-STAT pathway. (A, B) Western blot was used to assess the protein level of JAK-2, 
p-JAK-2, STAT3 and p-STAT3 in different gruops. * P<0.05, ** P<0.01, versus control group.

phase cells, but in the late G1 phase, its expression increased 
significantly, while in S phase it reached a peak [22]. PCNA is 
a sensitive indicator of cell cycle response [22]. This suggests 
that after downregulating siLRG1 expression, KASUMI-1 cells 
were arrested at G0/G1 by downregulating Cyclin D1 levels, 
and the response was decreased in PCNA levels. Caspase is 
the main executive protein of apoptosis, and Caspase-3 is 
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the most important member of the Caspase family [23]; its 
activity is regulated by Bcl-2 and Bax [24]. Various studies 
have shown that the inhibition of apoptosis in tumor cells is 
related to Bcl-2 and Bax [25,26], and it can also be used as 
a predictor of prognosis in patients with tumors [27,28]. The 
results of this study indicate that after downregulation of the 
LRG1 gene, pro-Caspase-3 can be hydrolyzed to cleaved-Cas-
pase-3 by downregulating Bcl-2 and upregulating Bax levels, 
thereby promoting apoptosis.

To further study the mechanism of action of the LRG1 gene 
on leukemia cell cycle and apoptosis, we investigated the 
JAK-STAT pathway. Upregulation of the JAK-STAT pathway is 
prevalent in tumors and occurs through a process of activa-
tion of JAK by cytokines and receptors, which makes it close 
to STAT and tyrosine phosphorylation of STATs. The STATs are 
separated from the receptors to form dimers that translo-
cate to the nucleus to identify the target sequence and regu-
late gene expression [13,14]. There is a close relationship be-
tween STAT3 and hematological tumors in the STAT family [29]. 

The results of the present study show that downregulation of 
the LRG1 gene can significantly inhibit the phosphorylation of 
JAK and STAT. This suggests that LRG1 mainly acts on the signal 
transduction upstream of the JAK-STAT pathway. By decreasing 
the phosphorylation level of JAK, the level of STAT phosphor-
ylation is decreased, thereby inhibiting gene expression and 
inhibiting cell proliferation. Low activated STAT level can also 
promote cell apoptosis by inhibiting the level of survivin, Bcl-2, 
and other anti-apoptotic proteins [30–32].

Conclusions

In conclusion, silencing the LRG1 gene blocks KASUMI-1 cells 
in G0/G1 and promotes apoptosis, which may be due to the 
downregulation of LRG1 gene expression and inhibiting signal 
transduction of the JAK/STAT pathway, thereby regulating 
cyclins and cell damage. The relationship between death-as-
sociated proteins suggests that the LRG1 gene may become 
a new target for the treatment of AML.
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