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SAMHD1 can suppress lung adenocarcinoma progression through 
the negative regulation of STING
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Background: The sterile alpha motif (SAM) domain and histidine-aspartate (HD) domain-containing 
protein 1 (SAMHD1) has been specifically linked to lung cancer. However, the underlying mechanisms in 
regulating lung adenocarcinoma (LAC) are unclear. The aim of this study was to assess the specific regulation 
between SAMHD1 and LAC.
Methods: We retrospectively reviewed 238 patients who underwent surgery for LAC between 
January 2018 and December 2019. The expression of SAMHD1 was detected by quantitative reverse-
transcription polymerase chain reaction (RT-qPCR) in tumors and paired adjacent tissues. A lentivirus 
was used to overexpress SAMHD1 and stimulator of interferon genes (STING) in A549 cells; and RT-
qPCR and western blot analysis were performed to verify their levels. Cell proliferation was evaluated via 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and Celigo imaging cytometry. 
Cell apoptosis was detected by Annexin V staining. Overexpressed SAMHD1 suppressed LAC progression 
in a xenograft model. The DNA damage response inhibitor (DDRi) was used to assess the cell proliferation 
and apoptosis rate in SAMHD1-overexpressing A549 cells and the control group. A rescue experiment was 
carried out to evaluate the potential influence of SAMHD1 and STING.
Results: A low expression of SAMHD1 was associated with advanced disease. Overexpression of SAMHD1 
decreased cell proliferation and invasion in A549 cells, and the apoptosis rate was significantly higher in the 
overexpressed SAMHD1 cells than those in the control group. The overexpression of SAMHD1 inhibited 
tumor progression in the xenograft model. The expression of STING was lower in SAMHD1-overexpressing 
A549 cells than those in the wild-type group. Furthermore, the inhibited cellular behaviors of LAC cells 
resulting from the stable SAMHD1 expression were partially reversed after STING overexpression. 
Treatment with DDRi could inhibit cancer cell progression.
Conclusions: Upregulation of SAMHD1 could suppress the progression of LAC in vivo and in vitro 
through the negative regulation of STING.
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Introduction

Despite the identification of aberrant signaling pathways 
in non-small cell lung cancer (NSCLC), the pathogenetic 
mechanisms remain to be elucidated. The identification of 
essential driver mutations associated with the carcinogenesis 
of NSCLC have radically altered the treatment strategy 
for this disease (1). New drugs have been developed that 
specifically target the key mutated proteins, such as epidermal 
growth factor receptor (EGFR), Kirsten ras oncogene 
homolog (KRAS), and anaplastic lymphoma kinase (ALK) 
mutant forms (2-4). However, the overall 5-year survival 
rate for lung cancer remains at just 15% (5). Therefore, 
improving our understanding of the pathophysiological 
processes in tumor cells that promote local aggression and 
recurrence in NSCLC is important.

The sterile alpha motif (SAM) domain and histidine-
aspartate (HD) domain-containing protein 1 (SAMHD1) is 
a deoxynucleoside triphosphate (dNTP) phosphohydrolase 
that cleaves dNTPs into deoxynucleosides and inorganic 
triphosphates, thus depleting the cellular dNTP pool 
required for cellular DNA polymerase (6-8). Recruitment 
of SAMHD1 to DNA repair foci also happens in response 
to DNA damage (9). We previously reported in a small-
sample-sized study that SAMHD1 was downregulated 
at both protein and messenger RNA (mRNA) levels in 
LAC compared with adjacent healthy tissues. We also 
found that overexpression of SAMHD1 inhibited the 
proliferation of lung tumor cells (10). These results revealed 
the regulation and function of SAMHD1 in lung cancer, 
which is important for the proliferation of lung tumor cells. 
However, the mechanism underlying the effect of SAMHD1 
and the downstream target genes in LAC remains unclear.

The stimulator of interferon genes (STING) is a 
379-amino acid transmembrane-protein located in the 
endoplasmic reticulum. As a DNA sensor, STING 
is activated by cyclic-dinucleotides (CDNs) (11,12). 
Evidence shows that the STING pathway is involved in 
tumorigenesis, and it has both inhibitory and promoting 
effects in tumor development (13-15). However, its 
regulation effect in lung cancer is not apparent and needs to 
be elucidated.

The objectives of this study were thus to evaluate 
the suppressive effect of SAMHD1 on proliferation and 
apoptosis in LAC and explore the downstream targets of 
SAMHD1. We present the following article in accordance 
with the ARRIVE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-1889).

Methods

Participant information collection

A total of 238 patients who underwent surgical resection for 
primary NSCLC at the Department of Thoracic Surgery, 
Huadong Hospital Affiliated with Fudan University, 
between January 2017 and December 2019 were enrolled 
in this retrospective study. The inclusion criteria were as 
follows: (I) patients who were diagnosed with primary LAC 
based on clinical features, radiological examination, and 
pathological confirmation; (II) age ≥18 years; (III) fresh 
tumor tissues and paired adjacent tissues were collected 
during surgical resection, snap-frozen in liquid nitrogen, 
and stored at –80 ℃ in the hospital storage room. The 
exclusion criteria were as follows: (I) insufficient baseline 
data and follow-up information; (II) neoadjuvant therapy 
received before surgery; (III) history of other solid tumors, 
hematologic malignancy, serious infection, or severe 
hepatic or renal dysfunction. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). Signed informed consent was provided by all 
participants, and the Clinical Research Ethics Committee 
of Huadong Hospital Affiliated with Fudan University 
approved the study (2019K104).

Cell culture and lentivirus infection

The NSCLC cell line A549 was purchased from the Cell 
Bank of the Chinese Academy of Sciences (Shanghai, 
China). It was inspected by mycoplasma detection, DNA 
fingerprinting, isozyme detection, and cell vitality detection. 
All of the cells were cultured in Roswell Park Memorial 
Institute Medium (RPMI) 1640 (Thermo Fisher Scientific, 
Waltham, MA, USA) supplemented with 10% fetal 
bovine serum (FBS, Thermo Fisher Scientific), 100 U/mL  
penicillin G, and 100 streptomycin (GIBCO, Grand 
Island, NY, USA) in a humidified incubator at 37 ℃ with 
5% CO2. Lentivirus-overexpressing SAMHD1/STING 
or containing control empty vector was purchased from 
HanBio (Shanghai, China). The A549 cells were cultured in 
the six-well plates. After reaching 80% confluence, medium 
containing lentiviruses and polybrene (8 μg/mL, HanBio) 
were mixed with cells at a multiplicity of infection (MOI) of 
10. After incubation for 24 h, supernatants in the wells were 
replaced with RPMI 1640 supplemented with 10% FBS, 
and then cultured for 36 h. The DNA damage response 
inhibitor (DDRi) was purchased from PeproTech, Inc. 
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(Rocky Hill, NJ, USA).

Quantitative reverse-transcription polymerase chain 
reaction (RT-qPCR)

The total RNA was isolated using the total RNA kit 
(Tiangen, Ltd., Haimen, Nantong, Jiangsu, China). For 
RT-PCR, 1.0 μg of RNA was used with Quantscript RT Kit 
with gDNase (Tiangen, Ltd.). The potential trace amounts 
of DNA were removed using gDNase, then complementary 
DNA was generated. According to the manufacturer’s 
protocols, quantitative (q)PCR was performed with 
500 ng cDNA using 2xTaq PCR MasterMix (Tiangen, 
Ltd.) and the ABI7500 instrument (Applied Biosystems 
Instrument, Life, Waltham, MA, USA). The relative 
expression levels were calculated using the 2ΔΔCt method 
following normalization against glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) for SAMHD1. The primers were 
designed as follows:

SAMHD1-F, 5'-AAAACCAGGTTTCACAACTTCT 
GC-3';

SAMHD1-R, 5'-TGCGGCATACAAACTCTTTCT 
GT-3';

STING-F, 5'-CAAGGACCAACTACAACC-3';
STING-R, 5'-TGCCTCTTCTTTAATTG-3';
GAPDH-F, 5'-TGACTTCAACAGCGACACCCA-3';
GAPDH-R, 5'-CACCCTGTTGCTGTAGCCAAA-3';

Western blot analysis

Total proteins were washed with cold phosphate-
buffered saline (PBS), extracted in modified radio 
immunoprecipitation assay (RIPA) buffer, and quantified 
by the bicinchoninic acid (BCA) method (Beyotime, 
Beijing, China). Then, 15 μL of proteins were loaded and 
resolved in 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) using the Tris-SDS buffer. 
Proteins were transferred onto polyvinylidene difluoride 
(PVDF) membranes (Merck Millipore, Burlington, MA, 
USA) using a wet transfer apparatus (BioRad, Hercules, 
CA, USA). The membranes were immunoblotted with the 
following antibodies: anti-SAMHD1 (Abcam, Cambridge, 
UK), anti-STING (Abcam), and anti-GAPDH antibodies 
(Abcam). The immunoreactive bands were detected 
using enhanced chemiluminescence (ECL) Plus reagent 
(Beyotime). The software ImageJ (https://imagej.nih.gov/
ij) was used to quantify the data from three independent 

experiments.

Cell proliferation and colony formation assays

Cell growth status was analyzed by two methods: the Celigo 
imaging cytometry system, and 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assays. The 
slides were seeded at a density of 104 cells to complete 
the cell slide for subsequent cytofluorimetric assay. 
The fluorescence intensity and cells were automatically 
calculated by the Celigo imaging cytometry system 
(Nexcelom, Lawrence, MA, USA). We defined cell viability 
by MTT (Roche, Indianapolis, IN, USA) according to the 
manufacturer’s instructions (absorbance was measured at 
570 nm).

For colony formation assays, cells were plated at a 
low density (500–1,000 cells/well) onto 6-well plates and 
observed for 14 days. Colonies were then fixed in 4% 
paraformaldehyde, stained with 0.5% crystal violet staining 
solution, and counted.

Migration and invasion assays

Transwell chambers with and without Matrigel (Corning 
Life Sciences, Corning, NY, USA) were used for cell 
migration and invasion detection, respectively. Briefly, 104 

cells were seeded onto Transwell membrane inserts (Corning 
Life Sciences) in serum-free medium. Media containing 
10% FBS was added to the lower chamber. After incubation 
for 24 h, the cells in the Transwell upper chamber surfaces 
were erased, and the cells on the lower surfaces were fixed 
and stained with crystal violet. The stained cells were 
observed and calculated in five random fields. For the tumor 
cell invasion assay, the membrane was pre-coated with 15 μL  
of Matrigel (BD Biosciences, Bedford, MA, USA), and the 
subsequent steps were identical to those of the tumor cell 
migration assay, except cells were incubated for 36 h.

Apoptosis assay

The cells were washed with cold PBS, and then fixed with 
75% ethanol overnight at –20 ℃. The fixed cells were 
washed with cold PBS and then stained with Annexin 
V-APC (Beyotime). After incubation in the dark at room 
temperature for 15 min, cells were analyzed by FACS 
Calibur flow cytometer (BD Bioscience, San Jose, CA, 
USA) in triplicate.



192 Wu et al. SAMHD1 suppress lung adenocarcinoma progression

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(1):189-201 | http://dx.doi.org/10.21037/jtd-20-1889

Xenograft tumor formation assay

A total of 15, 6-week-old BALB/c nude mice were obtained 
from Shanghai Laboratory Animals Center (SLAC) Co., 
Ltd. (Shanghai, China) and fed in accordance with the 
regulations and internal biosafety and bioethics guidelines.

All animal protocols were approved by the Institutional 
Animal Care and Use Committee (IACUC) of Shanghai 
Dunwi l l  Medica l  Technology  ( IACUC issue  no. 
201812006). Experiments were performed under a project 
license (no. 201812006) granted by the institutional 
committee board of Shanghai Dunwill Medical Technology, 
in compliance with Shanghai Dunwill Medical Technology 
institutional guidelines for the care and use of animals.

The A549 cells were infected with lentivirus for 36 h, 
and were then subcutaneously injected into the mice at an 
inoculation dosage of 1×107 cells. The tumor volume (V) was 
calculated according to the following formula: V = (length 
× width2)/2; and determined using a digital caliper at 4, 7, 
11, 15, 19, and 23 days after implantation. After 3 weeks,  
the mice were sacrificed, tumor tissue samples were 
harvested, and their weights were measured. Experiments 
were performed under a project license (201812006) 
granted by the institutional committee board of Shanghai 
Dunwill Medical Technology, in compliance with Shanghai 
Dunwill Medical Technology institutional guidelines for the 
care and use of animals.

Statistical analysis

Statistical analysis was performed using SPSS Software 
22.0 (IBM Corp., Chicago, IL, USA) and GraphPad Prism 
6.0 (GraphPad, La Jolla, CA, USA). Data are expressed as 
mean ± SD. Comparisons between the two groups were 
determined by the t-test, Wilcoxon signed-rank sum test, 
chi-square test (χ2), and analysis of variance (ANOVA). A 
value of P<0.05 was considered statistically significant.

Results

The mRNA expression of SAMHD1 was lower in the 
NSCLC tissues than in the paired adjacent tissue and was 
associated with advanced disease

The Wilcoxon signed-rank sum test was used to analyze 
SAMHD1 expression in tumor and paired adjacent tissues. 
As shown in Figure 1, SAMHD1 expression was lower in 
tumor tissues [2.301 (0.686–5.802)] than in paired adjacent 

tissues [5.679 (3.461–10.783)] (P<0.001). As shown in Table 1,  
the mRNA level of SAMHD1 was associated with the 
progression of NSCLC. Furthermore, the expression levels 
of SAMHD1 were significantly lower in the metastasis-
positive patients compared with the metastasis-negative 
patients (1.89±1.15 vs. 3.47±1.41, P<0.001).

Overexpression of SAMHD1 inhibited the proliferation, 
migration, invasion, and expression levels of STING on 
A549 cells

To study the effect of SAMHD1 and STING on A549 cells, 
the human SAMHD1/STING gene was stably transduced 
into A549 cells with a SAMHD1/STING expressing 
lentivirus. Both of their expression levels were determined 
by RT-qPCR and western blot (Figure 2A,B, P<0.05). The 
MTT assays indicated that SAMHD1 dramatically inhibited 
A549 cell growth (Figure 3A, P<0.05). The same results 
were obtained by colony formation assay (Figure 3B,C,  
P<0.05) and Celigo cell counter assay (Figure 3D,E, P<0.05). 
We also analyzed the effect of both SAMHD1 and STING 
expression on cell apoptosis. Flow cytometry assay revealed 
that overexpression of SAMHD1 induced cell apoptosis in 
A549 cells (Figure 3F,G, P<0.05). Thus, our data suggested 
that SAMHD1 acts as a tumor suppressor in NSCLC cells. 
For further insights into the response of A549 cells to 
SAMHD1 expression, we analyzed its effect on migration 

Figure 1 SAMHD1 expression in LAC tissues and adjacent tissues. 
The mRNA expression of SAMHD1 decreased in the NSCLC 
compared with the adjacent healthy tissues. SAMHD1, sterile 
alpha motif domain and histidine-aspartate domain-containing 
protein 1; LAC, lung adenocarcinoma; mRNA, messenger RNA; 
NSCLC, non-small cell lung cancer.

P<0.001

Tumor tissue Adjacent tissue

15

10

5

0

S
A

M
H

D
1 

re
la

tiv
e 

ex
pr

es
si

on



193Journal of Thoracic Disease, Vol 13, No 1 January 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(1):189-201 | http://dx.doi.org/10.21037/jtd-20-1889

Table 1 Patient characteristics by SAMHD1 expression

Variables Patients (n) SAMHD1 expression P value

Gender 0.693

Male 122 2.15±1.19

Female 116 2.23±1.37

Age 0.872

<65 years 115 2.19±1.57

≥65 years 123 2.16±1.18

Smoking 0.594

Never 109 2.09±1.27

Ever 129 2.21±1.23

EGFR mutation 0.775

Positive 70 2.37±1.32

Negative 168 2.24±1.13

ALK rearrangement 0.642

Positive 9 2.22±1.22

Negative 229 2.19±1.37

Stage <0.001

I + II 153 3.24±1.19

III + IV 85 1.26±0.31

Distant metastasis <0.001

No 8 3.47±1.41

Yes 230 1.89±1.15

Lymph node metastasis <0.001

Negative 150 3.18±1.09

Positive 88 1.55±0.67

Histology type 0.258

Lepidic 11 2.54±1.07

Acinar 106 2.23±1.48

Papillary 74 2.45±1.67

Micropapillary 10 2.71±1.43

Solid 37 2.05±1.12

Vascular invasion <0.001

Absent 57 3.53±1.06

Present 181 1.77±0.54

Pleural invasion <0.001

Absent 59 3.68±1.17

Present 179 1.52±0.67

Expression levels of SAMHD1 in stratified patients. Table 1 data are presented as P values. I<0.05 was considered to be statistically 
significant. TNM stage was scored as 1-I, 2-II, 3-III, and 4-IV. TNM, tumor-node-metastasis; SAMHD1, sterile alpha motif domain and 
histidine-aspartate domain-containing protein 1; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.
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Figure 2 The expression of SAMHD1 in A549 cell lines was verified by western blot and RT-qPCR. (A) RT-qPCR detection of SAMHD1 
gene expression level in A549 stable strains after virus infection; (B) western blot detection of SAMHD1 protein expression level in A549 
stable strains after virus infection. (A,B) Both qPCR and western blot assays verified that A549 cells with SAMHD1 stable expression were 
transfected. SAMHD1, sterile alpha motif domain and histidine-aspartate domain-containing protein 1; RT-qPCR, quantitative reverse-
transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; OE, overexpression.
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and invasion behaviors. Transwell assays revealed that 
SAMHD1 expression suppressed A549 cell migration 
and invasion (Figure 3H,I, P<0.05). Finally, the mRNA 
expression level could be inhibited by the overexpression of 
SAMHD1 (Figure 3J,K,L, P<0.05).

SAMHD1 suppressed tumorigenicity in vivo

We investigated the effect of SAMHD1 on cell growth  
in vivo .  As shown in Figure 4A,  tumor growth was 
significantly slower in SAMHD1-overexpressed mice (n=5) 
as compared with the control group (n=5) (P<0.05). After  
3 weeks, the mice were sacrificed and the tumor tissues were 

harvested. We found that tumor volumes were lower in the 
SAMHD1-overexpressed group than in the control group 
(Figure 4B,C; P<0.05).

Overexpression of STING weakened the inhibition of 
SAMHD1

To detect the specific effect of STING for SAMHD1 
regulation on A549 cells, the human STING gene was 
stably transduced into A549 cells with a STING-expressing 
lentivirus. Both MTT and cell clone assays were measured 
to detect cellular proliferation. The MTT assays indicated 
that STING could promote A549 cell growth (Figure 5A;  

Figure 3 SAMHD1 inhibited the proliferation, migration, invasion, apoptosis, and STING expression in A549 cells. (A) MTT assay graph 
shows that SAMHD1 could inhibit cell proliferation in A549 cells. (B,C) Cell clone formation assay pictures reveal that SAMHD1 could inhibit 
cell proliferation in A549 cells (hematoxylin staining). (D,E) Celigo cell count assay shows that SAMHD1 could reduce the cell proliferation of 
A549 cells (magnification: ×40, GFP). (F,G) Flow cytometry demonstrates SAMHD1 promoted the cell apoptosis of A549 cells. (H,I) Migration 
and invasion assays: pictures and related graphs show that SAMHD1 could inhibit the migration and invasion of A549 cells (magnification: 
×100; hematoxylin staining). (J,K,L) RT-qPCR and western blot assays reveal the mRNA and protein expression of STING was suppressed 
by SAMHD1 in A549 cells, respectively. SAMHD1, sterile alpha motif domain and histidine-aspartate domain-containing protein 1; STING, 
stimulator of interferon genes; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; RT-qPCR, quantitative reverse-
transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GFP, green fluorescent protein.
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P<0.05). The same results were obtained with colony 
formation assay (Figure 5B,C; P<0.05) and Celigo cell 
counter assay (Figure 5D,E; P<0.05). We also analyzed 
the effect of STING expression on cell apoptosis. Flow 
cytometry assay showed that overexpression of STING 
suppressed cell apoptosis in A549 cells (Figure 5F,G; 
P<0.05). Finally, we analyzed its effect on migration and 
invasion behaviors. Transwell assays indicated that STING 
expression could facilitate A549 cell migration and invasion 
(Figure 5H,I; P<0.05).

DDRi inhibited migration and invasion of A549 cells

For further verification of the potential regulation of 

SAMHD1 on the A549 cells and exploration of the definite 
pathway, DDRi was used in the MTT, Celigo cell counting, 
apoptosis, and Transwell assays. Both MTT (Figure 6A; 
P<0.05) and Celigo cell counting assays (Figure 6B,C; 
P<0.05) showed that DDRi could inhibit the proliferation 
of A549 cells. Flow cytometry assay indicated that DDRi 
could promote cell apoptosis in A549 cells (Figure 6D,E; 
P<0.05). Transwell assays showed that DDRi hindered the 
A549 cell migration and invasion (Figure 6F,G; P<0.05).

Discussion

Although the improvement of surgical technique and 
target therapy has been achieved in lung cancer treatment, 
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Figure 4 SAMHD1 suppressed the tumor progression in the xenograft model. (A,B,C) Subcutaneous tumorigenesis assay shows tumor 
volumes are inhibited by SAMHD1 overexpression. SAMHD1, sterile alpha motif domain and histidine-aspartate domain-containing 
protein 1.
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Figure 5 STING acted as a downstream target of SAMHD1. (A) MTT assay reveals that STING overexpression on the A549 cells could 
promote the proliferation of A549 cells. (B,C) Cell clone formation assay reveals that STING could promote the proliferation of A549 cells 
(hematoxylin staining). (D,E) Celigo cell count assay pictures and related graphs show that STING could induce the cell proliferation of 
A549 cells (magnification: ×40, GFP). (F,G) Apoptosis analysis demonstrates that STING reduced the cell apoptosis of A549 cells. (H,I) 
Migration and invasion assays: pictures and related graphs show that STING could upregulate the migration and invasion ability of A549 cells 
(magnification: ×100; hematoxylin staining). STING, stimulator of interferon genes; SAMHD1, sterile alpha motif domain and histidine-
aspartate domain-containing protein 1; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; GFP, green fluorescent protein.

the 5-year survival rate has been slow to improve. The 
development of LAC progression involves both genetic 
changes and tumor environment remodeling, while the 
deactivation of tumor suppressor genes could induce 

tumorigenesis and promote the progression of cancer. One 
report indicated that SAMHD1 could suppress cancer cell 
proliferation, but its regulatory mechanism is still poorly 
understood (10).
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Figure 6 Treatment with DDRi could inhibit cell progression in A549 cells. (A) MTT assay graph shows that DDRi could inhibit the 
proliferation of A549 cells (hematoxylin staining). (B,C) Celigo cell counting detection picture and related graphs reveal that DDRi could 
downregulate the growth of A549 cells (magnification: ×40, GFP). (D,E) Cytofluorimetric pictures for apoptosis and related graphs, 
respectively, show that DDRi promoted the cell apoptosis of A549 cells. (F,G) Migration and invasion assays (magnification: ×100; 
hematoxylin staining): pictures and related graphs show that DDRi could inhibit migration and invasion of A549 cells. DDRi, DNA damage 
response inhibitor; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; GFP, green fluorescent protein.
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In this study, we found that a lower expression 
of SAMHD1 was associated with advanced disease, 
while the overexpression of SAMHD1 significantly 
suppressed the apoptosis rate and proliferative abilities 
of LAC cells. Treatment with the DDRi could inhibit 
tumor cell proliferation in SAMHD1-overexpressed 
cells. Overexpression of SAMHD1 could inhibit tumor 
progression in the xenograft model. The expression 
of STING was partially suppressed by SAMHD1. 
Furthermore, the results of rescue experiments indicated 
that SAMHD1 regulates LAC progression by the repression 
of STING expression. These results demonstrated that 
SAMHD1 had a suppressive effect on lung cancer invasion 
and metastasis, and STING was a potential downstream 
target of SAMHD1 in lung cancer.

Upregulation of SAMHD1 has been reported to be a 
predictive factor of poor prognosis in colon cancer, and 
SAMHD1 was found to affect the chemotherapy response 
in leukemia (16,17). The results of this study indicated that 
SAMHD1 could potentially provide information on the 
mechanisms underlying cancer invasion and metastasis in 
lung cancer (Table 1), as the involvement of lymph nodes 
and vascular invasion reflected the invasiveness of tumor 
cells in a manner partly dependent on the expression level 
of SAMHD1.

The funct ion of  SAMHD1 in  tumors  remains 
controversial, as it can reduce not only the efficacy of 
antimetabolite-based chemotherapies but also has a tumor-
suppressive function. SAMHD1 is also potential driver 
gene in chronic lymphatic leukemia, where it is recurrently 
mutated in the early stages of tumor development (18,19). 
Herold et al. reported that SAMHD1 may be a barrier 
against the therapeutic efficacy of several clinically used 
nucleoside analogs, and assessment of SAMHD1 levels may 
allow patient-specific dose adjustments, while targeting 
SAMHD1 may increase the efficacy of treatment (7,19). 
In solid tumors, our results indicated that SAMHD1 
suppressed the progression of LAC cells in vivo and in vitro.

Tumor progression, which involves metastasis and cell 
proliferation, can generate cytoplasmic DNA (CDNs), 
which can be recognized by STING, and then activate the 
downstream STING pathway (20-23). Recent studies have 
found that SAMHD1 has an impact on CDNs. Coquel et al.  
found that SAMHD1 can prevent the accumulation of 
CDNs because, with the aberrant processing of stalled forks 
in SAMHD1-depleted human cells, single-stranded DNA 
fragments are released from stalled forks and accumulate 
in the cytosol, where they can activate the CDN cyclic 

2'3'-GMP-AMP (cGAMP) induced by cGAMP synthase 
(cGAS), and eventually activate the STING pathway (24). 
It was found that cGAS can interact with STING through a 
second messenger, the cGAMP synthesized by cGAS from 
adenosine triphosphate (ATP) and guanosine triphosphate 
(GTP), which then directly binds and activates STING 
(25,26). It is tempting to speculate that SAMHD1 decreases 
cytosolic DNA and blocks the STING pathway in lung 
cancer cells; cGAS might play an important role in this 
progression.

The initial discovery of SAMHD1 was as a dNTP 
hydrolase that depletes intracellular dNTP pools in non-
cycling cells as an antiviral action. Clifford et al. found that 
SAMHD1 was mutated in chronic lymphocytic leukemia 
(CLL) and involved in the DNA damage response (16). 
Daddacha et al. showed that SAMHD1 is recruited to DNA 
repair foci in response to DNA damage and plays a key role 
in DNA double-strand break (DSB) repair by promoting 
the resection of DNA ends (9). In this study, we found 
that treatment with DDRi could significantly suppress the 
apoptosis rate and the proliferative abilities in SAMHD1-
overexpressing A549 cell lines compared with the control 
group. Combined with our previous results which that 
overexpression of SAMDH1 could reduce dNTP level, the 
present findings suggest that SAMHD1 regulation of LAC 
progression does not only rely on dNTP hydrolase but also 
involves DNA damage response.

This study had several limitations. First, we confirmed 
that SAMHD1 could negatively mediate STING in lung 
cancer, but the exact mechanism of this action remains 
unknown. Second, the SAMHD1-STING axis regulates 
LAC progression in vivo and in vitro, but their downstream 
target is still not clear. We will investigate these questions in 
further experiments.

Conclusions

Our study demonstrated that SAMHD1 had a suppressive 
effect on invasion and metastasis in lung cancer, and 
STING was identified as a potential downstream target of 
SAMHD1.
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