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Abstract.
INTRODUCTION: GINS2 exerts a carcinogenic effect in multiple human malignancies, while it is still unclear that the potential
roles and underlying mechanisms of GINS2 in HNSCC.
METHODS: TCGA database was used to screen out genes with significant differences in expression in HNSCC. Immunohisto-
chemistry and qRT-PCR were used to measure the expression of GINS2 in HNSCC tissues and cells. GINS2 was detected by
qRT-PCR or western blot after knockdown or overexpression. Celigo cell counting, MTT, colony formation, and flow cytometric
assay were used to check the ability of proliferation and apoptosis. Bioinformatics and microarray were used to screen out the
downstream genes of GINS2.
RESULTS: GINS2 in HNSCC tissues and cells was up-regulated, which was correlated with poor prognosis. GINS2 gene
expression was successfully inhibited and overexpressed in HNSCC cells. Knockdown of GINS2 could inhibit proliferation
and increase apoptosis of cells. Meanwhile, overexpression of GINS2 could enhance cell proliferation and colony formation.
Knockdown of RRM2 may inhibit HNSCC cell proliferation, while overexpression of RRM2 rescued the effect of reducing GINS2
expression.
CONCLUSION: Our study reported the role of GINS2 in HNSCC for the first time. The results demonstrated that in HNSCC
cells, GINS2 promoted proliferation and inhibited apoptosis via altering RRM2 expression. Therefore, GINS2 might play a
carcinogen in HNSCC, and become a specific promising therapeutic target.
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1. Introduction 1

Head and neck squamous cell carcinomas (HNSCC), 2

covering larynx, pharynx, and oral cavity cancers, is the 3

sixth most common malignant tumor globally [1,2]. Al- 4

though the current systemic comprehensive treatments 5
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such as platinum-based chemoradiotherapy have been6

relatively mature, the prognosis of HNSCC patients is7

still not optimistic [3]. Some recent reports suggest that8

certain biomarkers can predict HNSCC progress, such9

as MAPKAPK2 and ETS1 [4,5]; however, their practi-10

cal usefulness remains to be determined. This study was11

aimed to find a more effective molecular target with12

diagnosis and therapeutic potential for HNSCC.13

Go-Ichi-Ni-San (GINS), a ring-like protein involv-14

ing GINS1 (Psf1), GINS2 (Psf2), GINS3 (Psf3), and15

GINS4 (Sld5), were originally extracted from yeast pro-16

tein by Kubota and Takayamain 2003 [6,7]. The GINS17

complex family is closely associated with DNA dam-18

age and replication in eukaryotic cells, involving cycle-19

related regulation, and functions as a critical role in20

proliferation and apoptosis [8].21

GINS complex subunit 2 (GINS2), also called Psf2,22

is on human chromosome 16q24 [6]. The mRNA length23

is 1196bp, and the relative molecular weight of the cod-24

ing is 21000Da [9]. Earlier studies pointed that GINS225

is usually expressed at a high level in certain malig-26

nant tumors, which promotes tumor occurrence and de-27

velopment [6,8,9,10,11]. However, the relevant role of28

GINS2 in HNSCC has not yet been clarified.29

There was no study on the expression and mechanism30

of GINS2 in HNSCC by now. Our findings suggested31

that GINS2 was overexpressed in HNSCC tissues and32

cells, which was associated with a poor prognosis. Also,33

we explored the effect of interference with GINS2 on34

cell proliferation and apoptosis, as well as the possible35

downstream regulatory mechanisms.36

2. Materials and methods37

2.1. TCGA gene expression datasets38

We downloaded the transcriptome datasets and39

matched clinical data from the website of The Cancer40

Genome Atlas (TCGA) datasets (https://tcga-data.nci.41

nih.gov/tcga/). In the TCGA database, we found that42

there were only 40 pairs of HNSCC RNAseq datasets43

for tumor-adjacent histologically-normal tissues and44

tumor tissues (S1 Table), including the oral cavity, lar-45

ynx, oral tongue, the base of the tongue, and floor46

of the mouth. The Trimmed Mean of the M-values47

method was used for data standardization. Quality con-48

trol was carried out by calculating the biological co-49

efficient of variation (BCV). In S2 Fig., we could see50

that the Normal (next to cancer) and Cancer samples51

were separated, indicating that the sample data of dif-52

ferent batches had high stability and could be used for 53

subsequent analysis. Since we would like to screen for 54

genes whose expression level is related to stage, we 55

classified these datasets according to the clinical stage 56

of HNSCC: 2 pairs in stage I, 13 in stage II, 17 in 57

stage III, and 8 in stage IV. Due to the small amount of 58

data in stage I, we merged the datasets of stage I and 59

stage II for further analysis. Finally, 40 pairs of samples 60

were classified into 3 groups: stage I + stage II, stage 61

III, stage IV. We set the following conditions to select 62

our candidate genes: (a) Genes that are up-regulated 63

in the 3 groups and whose expression levels increase 64

with the stage; (b) Genes whose expression levels in 65

“stage III” and ” stage IV” groups were up-regulated 66

with the stage but were not differentially expressed in 67

“stage I + stage II” group. Afterward, we screened 68

out 485 candidate genes that met the above conditions. 69

Then, we set the exclusion criteria to select our can- 70

didate genes: (i) a huge number of related literature; 71

(ii) transmembrane protein; (iii) unknown functional 72

genes containing open reading frames; (iv) relatively 73

few types of related diseases; (v) no related carrier is 74

convenient to use. Finally, we screened out 61 genes in 75

HNSCC that were differentially expressed between tu- 76

mor and tumor-adjacent histologically-normal tissues, 77

and whose expression levels were related to clinical 78

prognosis (S3 Table). Based on the data provided by 79

the TCGA database, we found that among the 61 genes 80

in HNSCC, 40 genes were highly expressed. 81

2.2. HNSCC samples and immunohistochemistry 82

(IHC) 83

From August 2011 to May 2015, we collected 70 84

HNSCC tumor samples from Jiangsu Cancer Hospital. 85

The demographic and clinical data were searched from 86

electric records. All patients had not received any treat- 87

ment before this research. All samples used to detect 88

the expression level of GINS2 were collected with in- 89

formed consent. The research protocol was permitted 90

by the Ethics committee of Jiangsu Cancer Hospital. 91

All samples were proven to be HNSCC pathologically. 92

There were 17 cases of Nasopharyngeal cancer, 21 hy- 93

popharyngeal cancer, 18 laryngeal cancer, 14 tongue 94

cancer. We performed GINS2 IHC staining on all sam- 95

ples: Fix the tissue using 4% paraformaldehyde, the 96

sections were incubated with primary antibody at 4◦C 97

overnight, immunostain the DAB chromogen, followed 98

by nuclear staining with hematoxylin. Two pathologists 99

were blinded to the patients’ clinical information. The 100

histopathological features were assessed and the de- 101
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gree of immunostaining was scored. The scores were102

based on the ratio of positively stained tumor cells [0103

(negative), 1 (1–25% positive), 2 (26–50% positive), 3104

(51–75% positive) or 4 (76–100% positive)] and stain-105

ing intensity [0 (no staining), 1 (weak, light-yellow), 2106

(moderate, yellow-brown) or 3 (strong, brown)]. Mul-107

tiplying the two parameters resulted in an immunore-108

activity score of 0 to 12 (0, 1, 2, 3, 4, 6, 8, and 12). We109

used the median as the cutoff value for the high or low110

expression. Staining index > 6 means high expression,111

and < 6 means low expression.112

2.3. Cell culture113

Human HNSCC cell lines CNE-2Z, 5-8F, FaDu, Tca-114

8113, Hep-2 were obtained from Jiangsu Cancer Hos-115

pital. All the cell lines were approved by the Institu-116

tional Ethical Review Board of Jiangsu Cancer Hospi-117

tal. In addition, the cell lines we used were authenti-118

cated by STR profile. All cells were tested negative for119

mycoplasma contamination. The cell culture conditions120

were: RPMI 1640 medium (Gibco, NY) containing 5%121

fetal bovine serum (Gibco, USA), 95% air, and 5% CO2122

at 37◦C.123

2.4. Cell transfection124

Lentiviral (sh-GINS2, shRRM2, shYAP1, shSKP2,125

sh-Control, oe-RRM2, oe-GINS2, oe-vector) were all126

synthesized and packaged by Shanghai Jikai Gene127

Technology Co., Ltd (Shanghai, China). Cells (1 × 105128

cells/well) were seeded in 6-well plates; Transfection129

can be performed when the confluence of cells reaches130

60%–70% under the microscope. Dilute an appropri-131

ate amount of Lipofectamine 3000 in centrifuge tube 1132

containing Opti-MEM medium and mix well. Add an133

appropriate amount of siRNA or plasmid to centrifuge134

tube 2 containing Opti-MEM medium and mix well.135

After mixing the liquids from centrifuge tubes 1 and136

2 thoroughly, incubate for 10 minutes. Then, evenly137

drop the mixture onto the cell culture plate and continue138

cultivation with a constant temperature medium until139

ready for use. The infection efficiency was observed by140

detecting the expression of GFP 72 h after the lentivirus141

infection. The lentiviral vector used is GV493; the order142

of the vector components is hU6-MCS-CBh-gcGFP-143

IRES-puromycin; the plasmid backbone commonly144

used in overexpression plasmid construction was SV40-145

firefly_Luciferase-MCS. GINS2 shRNA (target se-146

quence: 5’-GATTAACCTGAAACAAAGA-3’), RRM2147

shRNA (target sequence: 5’-UGAUCUUGCAGAGAU148

GAACAG-3’), YAP1 shRNA (target sequence: 5’- 149

CUGCCACCAAGCUAGAUAATT-3’), SKP2 shRNA 150

(target sequence: 5’-ATCTTAGCGGCTACAGAAAG- 151

3’). The overexpression sequence is the coding region 152

(CDS) of the corresponding gene. 153

2.5. In vivo nude mouse xenograft tumor models 154

Sixteen female BALB/C nude mice (5–6 weeks), pur- 155

chased from the Vital River Laboratory Animal Tech- 156

nology (Beijing, China), were maintained under spe- 157

cific pathogen-free conditions and applied for ectopic 158

tumor construction. CNE-2Z cells (5 × 106) transfected 159

with Ctrl-shRNA or GINS2-shRNA were resuspended 160

in 100 µL of sterile PBS and injected subcutaneously 161

into the shoulder or back of the thigh of mice. Then 162

tumor volume (V) was measured twice a week using 163

the standard formula V = a*b2/2 (a = length, b = 164

width). When the volume approached to 1500 mm3, we 165

have obtained sufficient data and experimental results to 166

gain a deeper understanding of tumor growth processes 167

and treatment efficacy. Therefore, we terminate the ex- 168

periment to avoid further burden and suffering to the 169

mice, the mice were sacrificed by cervical dislocation, 170

the xenograft tumors were excised and photographed. 171

All animal experiments were authorized by the Animal 172

Science Committee of the Animal Science of Nanjing, 173

China. 174

2.6. Quantitative real-time polymerase chain reaction 175

(qRT-PCR) 176

Cells were collected in Trizol (Invitrogen, CA) to 177

extract total RNA. Then, reverse transcription was car- 178

ried out to generate cDNA using M-MLV Reverse Tran- 179

scriptase (Promega, Madison, WI, USA). qRT-PCR re- 180

actions were conducted with the SYBR Green Master 181

Mix kit (Takara, Japan) according to the manufacturer’s 182

instructions. The following primers were used: GINS2, 183

forward primer 5’-CAGAAATGTCGCCTGCTCC-3’ 184

and reverse primer 5’-GGATTTCGTCTGCCTTCG-3’; 185

GAPDH, forward primer 5’-TGACTTCAACAGCGAC 186

ACCCA-3’ and reverse primer 5’-CACCCTGTTGCTG 187

TAGCCAAA-3’. 188

2.7. Western blot (WB) analysis 189

The method of detecting proteins from protein lysates 190

has been described previously [12]. Primary antibod- 191

ies were listed as follows: GINS2 (Sigma, USA), 192

YAP1 (Cell Signaling Technology, USA), CCNE2 (Ab- 193

cam, UK), MKI67 (Abcam, UK), SKP2 (Abcam, UK), 194

RRM2 (Abcam, UK) and GAPDH (Santa-Cruz, USA). 195
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2.8. Cellomics ArrayScan infinity196

Cells were seeded in triplicates into 96-well plates197

(2,000 cells per well), at 37◦C, 5% CO2 for 5 days198

evaluation. Load samples onto a suitable slide, ensur-199

ing proper controls and replicates. Set up the acquisi-200

tion parameters, including exposure time, filter settings,201

and imaging modes. Fluorescent cell quantification was202

conducted under a Cellomics ArrayScan Infinity system203

to detect cell proliferation ability. Generate quantitative204

data and statistical analyses based on the image analysis205

results.206

2.9. Celigo cell counting assay207

Cells were seeded into 96-well plates (2,000 cells per208

well), at 37◦C, 5% CO2 for 5 days, and measured daily209

by Celigo Imaging Cytometer (Nexcelom Bioscience,210

USA).211

2.10. MTT assay212

Cells were seeded into 96-well plates (2,000 cells213

per well), at 37◦C, 5% CO2 for 5 days, and added214

MTT (20 µL; 5 mg/mL) (Genview, Australia) every day,215

and tested the absorbance at 490 nm by the microplate216

reader.217

2.11. Colony formation assay218

Cells were seeded into 6-well plates (400 cells per219

well), at 37◦C, 5% CO2 for 14 days. The medium re-220

placement was repeated every 2 or 3 days. Finally, cells221

were fixed with 4% paraformaldehyde, stained with222

Giemsa, counted, and photographed.223

2.12. Flow cytometric (FCM) analysis224

Cells were seeded into 6-well plates (1 × 105 cells225

per well), cultured at 37◦C, 5% CO2. Then, when the226

cell growth reached 85%, cells were harvested and227

stained by Annexin V-APC for apoptosis analysis.228

2.13. Microarray and bioinformatics229

Total RNA in shCtrl and shGINS2 groups was ex-230

tracted using Trizol. The RNA that passed the qual-231

ity inspection would be further analyzed. P -value <232

0.05 and a 2-fold change cutoff were selected. Upload233

the above differentially expressed genes to Ingenuity234

Pathway Analysis (IPA) for analysis. StarBase v3.0 was235

used to figure out the expression level of GINS2 in HN-236

SCC patients, as well as the interaction between GINS2237

and RRM2.238

2.14. Statistical analysis 239

Differences between groups were analyzed using Stu- 240

dent’s t-test. The Kaplan-Meier method and log-rank 241

test were used to estimate survival rates. All statisti- 242

cal analyses were performed with SPSS 19.0 software. 243

Data were presented as the mean ± SDs. P < 0.05 was 244

considered statistically significant. 245

3. Results 246

3.1. GINS2 was overexpressed in HNSCC and 247

associated with clinical stage and poor prognosis 248

By analyzing the RNAseq datasets of HNSCC in the 249

TCGA database, we have identified 40 highly-expressed 250

genes in HNSCC for subsequent analysis. We knocked 251

down the 40 highly-expressed genes and then verified 252

the proliferation ability through Cellomics ArrayScan 253

Infinity in CNE-2Z cells. Results indicated that the NC 254

group proliferated normally, and the cell multiplication 255

rate reached 6.21 on the 5th day. However, the prolif- 256

eration of the positive control cell group significantly 257

slowed down, and the multiplication rate was only 1.16 258

on the 5th day (S4 Fig.). Among the 40 highly expressed 259

genes, those with Fold change > 2.0 were CSGALN- 260

ACT2, IL1F9, TMEFF1, SPINK6, and GINS2 (Table 1, 261

S5 Fig.). Knockdown of GINS2 inhibited proliferation 262

most obviously with a highly Fold change of 6.73. Sub- 263

sequently, we performed the quantitative analysis by 264

IHC and found that GINS2 expression in cancer is dif- 265

ferent from that in benign tumors and inflammatory tis- 266

sue (p = 0.010428) (S6 Table). GINS2 gene expression 267

was significantly increased in cancer (S7 Fig.). Thus, 268

the high expression of GINS2 might be important for 269

HNSCC progression. 270

We performed IHC analysis on 70 HNSCC samples 271

collected clinically to explore the clinical correlation 272

between GINS2 expression and HNSCC progression. 273

We noticed that the tissue expression level of GINS2 274

was related to the clinical stage in HNSCC patients 275

(Table 2). With the increase of clinical-stage, the pro- 276

portion of high expression of GINS2 in each group also 277

increased. Moreover, IHC results revealed that GINS2 278

was almost non-existent in adjacent normal tissues, but 279

it was highly expressed in HNSCC and was mainly 280

located in the nucleus (Fig. 1A–H). 281

Subsequently, we used survival analysis to further 282

clarify the impact of GINS2 overexpression on the 283

prognosis of HNSCC patients. Through the survival 284
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Table 1
The expression level and related information of five highly expressed genes in proliferation inhibition assay

Name of gene
Experimental

group Synonyms Description Cell localization

Fold change
(day5 NC/

experimental
group)

GINS2 GINS2-siRNA HSPC037|PSF2|Pfs2 GINS complex subunit 2
(Psf2 homolog)

Nucleus (By similarity) 6.73

CSGALNACT2 CSGALNACT2-
siRNA

CHGN2|DKFZp686H13226|
FLJ43310|GALNACT-2|
GALNACT2|MGC40204

Chondroitin sulfate N-
acetylgalactosaminyltransferase
2

Golgi apparatus, Golgi stack
membrane; Single-pass type
II membrane protein
(Probable)

2.11

TMEFF1 TMEFF1-
siRNA

C9orf2|CT120.1|H7365 Transmembrane protein with
EGF-like and two
follistatin-like domains 1

Cell membrane; Single-pass
type I membrane protein

3.63

SPINK6 SPINK6-siRNA BUSI2|MGC21394|UNQ844 Serine peptidase inhibitor,
Kazal type 6

Secreted (Potential) 4.20

IL1F9 IL1F9-siRNA IL-1F9|IL-1H1|IL-1RP2|
IL1E|IL1H1|IL1RP2

Interleukin 36, gamma Secreted 3.50

The fold change of CSGALNACT2, IL1F9, TMEFF1, SPINK6 and GINS2 were all > 2.0. Knockdown of GINS2 inhibited proliferation most
obviously with fold change of 6.73. NC, normal control.

Fig. 1. High expression of GINS2 was correlated with poor clinical outcomes. (A) Negative staining of GINS2 (magnification 100×), (B) weak
staining (100×), (C) moderate staining (100×), (D) strong staining (100×), (E) negative staining (400×), (F) weak staining (400×), (G) moderate
staining (400×), (H) strong staining (400×). (I) Overall survival. GINS2, GINS complex subunit 2. P < 0.0001.

Table 2
Relationship between GINS2 expression and clinical characteristics
of HNSCC patients

Characteristics
No of patients

(n = 70)

GINS2
high

group

GINS2
low

group
P value

Age (years)
6 49 16 3 13 0.468
> 49 54 15 39

Sex
Female 10 0 10 0.044
Male 60 18 42

TNM stage
I–III 45 7 38 0.009
IV 25 11 14

T classification
T1–T2 38 7 31 0.128
T3–T4 32 11 21

N classification
N0–N1 52 11 41 0.138
N2–N3 18 7 11

curve, we found that the overall survival (OS) of pa- 285

tients with high GINS2 expression (n = 18) was ob- 286

viously lower than patients with low expression (n = 287

52) (P < 0.0001) (Fig. 1I). Therefore, the above re- 288

sults indicated that HNSCC patients with high GINS2 289

expression are more likely to have a poor prognosis. 290

We further obtained GINS2 expression in HNSCC 291

and normal samples from starBase v3.0 software. The 292

results showed that the expression level of GINS2 in 293

502 cases of HNSCC was 7.38, while in 44 normal 294

samples was only 2.06, with a fold change of 3.59 (P < 295

0.0001), which was consistent with our above results 296

that GINS2 was upregulated in HNSCC (Fig. 2A). Then 297

we performed qRT-PCR to obtain the GINS2 expres- 298

sion level in some HNSCC cells. We found that GINS2 299

mRNA was highly expressed (∆Ct 6 12) in all 5 HN- 300

SCC cell lines (CNE-2Z, FaDu, Tca-8113, Hep-2, and 301

5-8F) (Table 3, Fig. 2B). Next, CNE-2Z, 5-8F, and FaDu 302

cell lines were used in the following experiments. 303
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Fig. 2. GINS2 expression and transfection efficiency determination in HNSCC cell lines. (A) GINS2 was up-regulated in HNSCC patients. The
expressions of GINS2 in HNSCC (n = 502) and normal samples (n = 44) were found from the starBase v3.0 database with the cancer expression
level of 7.38 and the normal expression level of 2.06 (fold change = 3.59, P = 1.2e-29). (B) GINS2 mRNA expression in HNSCC CNE-2Z, FaDu,
Tca-8113, Hep-2, and 5-8F cell lines. (C, D) GINS2 expression was inhibited by shRNA. The mRNA expressions of GINS2 were determined by
qRT-PCR, and the protein expressions were determined by WB in CNE-2Z, 5-8F, and FaDu cells. (D) The over-expressions efficiency of GINS2
was confirmed by qRT-PCR in CNE-2Z, 5-8F, and FaDu cells. Values were expressed as mean ± standard deviation. n = 3, ∗∗∗∗P < 0.0001.
HNSCC, head and neck squamous cell carcinomas; WB, western blot; qRT-PCR, quantitative real-time polymerase chain reaction.

Table 3
GINS2 mRNA expression in HNSCC
cell lines

Sample Average ∆Ct SD
CNE-2Z 9.68 0.245
FaDu 7.64 0.121
Tca-8113 7.42 0.214
Hep-2 6.70 0.040
5-8F 6.01 0.098

∆Ct 6 12 means highly expressed in
cells; 12 < ∆Ct < 16 means moderately
expressed, and ∆Ct > 16 means lowly
expressed.

3.2. GINS2 was knocked down or overexpressed in 304

HNSCC cells 305

We first knocked down GINS2 in CNE-2Z, 5-8F, 306

and FaDu cells. According to the results of qRT-PCR 307

(P < 0.0001) (Fig. 2C) and WB analysis (Fig. 2D), 308

GINS2 expression levels in shGINS2 groups were much 309

lower than shCtrl groups. On the other hand, we also 310

overexpressed GINS2 in HNSCC cells successfully, as 311

shown in Fig. 2E (P < 0.0001). 312

3.3. GINS2 promoted the proliferation of HNSCC cells 313

To explore the role of GINS2 expression in the 314

growth of HNSCC cell lines, we conducted a series 315
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Fig. 3. Effects of GINS2 knockdown or overexpression on HNSCC cell proliferation and apoptosis. (A) Celigo cell counting assay results of GINS2
knockdown on cell growth. (B) MTT assay results of GINS2 knockdown on cell proliferation. (C) MTT assay results of GINS2 overexpression
on cell proliferation. (D) Colony formation assay results of GINS2 knockdown on HNSCC cells. (E) Colony formation assay results of GINS2
overexpression on HNSCC cells. (F) Apoptosis assay results of GINS2 knockdown on HNSCC cells. ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001,
∗∗∗∗P < 0.0001.

of proliferation-related experiments. The results of the316

Celigo cell counting assay indicated that knocking317

down GINS2 lowered the total number of cells as well318

as cell growth rate in CNE-2Z, 5-8F, and FaDu cell lines319

(P < 0.0001) (Fig. 3A). MTT assay results showed that320

knocking down GINS2 inhibited HNSCC cell prolifera- 321

tion (P < 0.0001) (Fig. 3B). On the contrary, as shown 322

in Fig. 3C, when we overexpressed GINS2, the pro- 323

liferation of HNSCC cells was enhanced (P < 0.01). 324

Similarly, the colony formation assay results told us that 325
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Fig. 4. Knockdown of GINS2 inhibited the MYC signaling pathway and downregulated RRM2. (A) Heatmap showed the differentially expressed
genes between shCtrl and shGINS2 groups. Up-regulated genes are red, and down-regulated genes are green. (B, C) Histogram and Heatmap
showed the functional classification of GINS2 regulatory genes. (D, E) The network of molecules on MYC and its pathway. (F) The mRNA
expressions of 12 genes (PPKACB, DDX18, RRM2, SKP2, KRAS, MKI67, CCNE2, DDX5, EIF4A1, MTBP, YAP1, and NUDT21) determined
by qRT-PCR. (G) The protein expressions of RRM2, SKP2, MKI67, CCNE2, and YAP1 were determined by WB. ∗P < 0.05, ∗∗P < 0.01,
∗∗∗P < 0.001, ∗∗∗∗P < 0.0001. IPA, Ingenuity Pathway Analysis.
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Fig. 5. Effects of RRM2, SKP2, and YAP1 knockdown on cell growth, and the relationship of RRM2 and GINS2 in HNSCC. (A) RRM2, SKP2,
and YAP1 were knocked down successfully in FaDu cells. The mRNA expressions were determined by qRT-PCR. (B) Celigo cell counting assay
results of RRM2, SKP2, and YAP1 knockdown on cell growth in FaDu cells. (C) RRM2 was knocked down successfully in CNE-2Z cells. The
RRM2 mRNA expression was determined by qRT-PCR. (D) Celigo cell counting assay results of RRM2 knockdown on cell growth in CNE-2Z
cells. (E) A positive correlation was found between GINS2 and RRM2. ∗∗∗P < 0.001, ∗∗∗∗P < 0.0001.

compared with the control group, the ability of the cells326

to form colonies was markedly reduced in the shGINS2327

group (P < 0.01) (Fig. 3D). Conversely, up-regulating328

the expression of GINS2 promoted the clonal formation329

of cells (P < 0.05) (Fig. 3E). Thus, we have demon-330

strated that GINS2 accelerated the tumorigenicity of331

HNSCC cells in vitro.332

3.4. GINS2 knockdown induced apoptosis of HNSCC333

cells in vitro334

Tumor progression is generally accompanied by the335

occurrence of anti-apoptosis. The results of apoptosis336

assay in CNE-2Z, 5-8F, and FaDu cells revealed that the337

apoptosis rates of shGINS2 groups were higher than the338

control groups (P < 0.0001) (Fig. 3F), which demon-339

strated that GINS2 knockdown enhanced the apoptosis340

of HNSCC cells.341

3.5. GINS2 inhibition downregulated the expression of342

RRM2343

Since GINS2 affected proliferation and apoptosis of344

HNSCC as demonstrated above, we checked the gene345

expression profiles of the GINS2 knockdown group and346

the control group in CNE-2Z cells, hoping to explore its347

possible mechanism. Compared with the shCtrl group,348

the shGINS2 group had 169 genes up-regulated, and349

449 genes down-regulated (Fig. 4A). Then, we selected350

the top 500 genes whose expression levels changed 351

significantly after GINS2 knockdown and used IPA to 352

conduct functional classification. The analysis results 353

prompted that these genes were notably enhanced in 354

many biological functions, such as cell proliferation, 355

organismal death, congenital anomaly of the muscu- 356

loskeletal system, and viral infection (Fig. 4B and C). 357

Subsequently, we again used IPA to screen the regu- 358

latory factors related to GINS2, and the data validated 359

that the z-score for MYC was −2.158 (P < 0.01). In 360

IPA, z-score > 2 referred to significantly activated, and 361

z-score < −2 referred to significantly inhibited. Thus, 362

the MYC pathway was significantly inhibited in the 363

shGINS2 group of CNE-2Z cells. 364

The MYC pathway is a well-known signaling path- 365

way closely related to cancer. The pathway contains 366

many genes (Fig. 4D), which constitute a complex reg- 367

ulating network map (Fig. 4E). Then, the expression of 368

12 genes (PPKACB, DDX18, RRM2, SKP2, KRAS, 369

MKI67, CCNE2, DDX5, EIF4A1, MTBP, YAP1, and 370

NUDT21) in the pathway were verified by qRT-PCR. 371

Except for NUDT21 (P = 0.2945), all other 11 genes 372

were remarkably down-regulated by GINS2 inhibition 373

in the mRNA level (P < 0.05) (Fig. 4F). As well- 374

known genes, RRM2, SKP2, MKI67, CCNE2, and 375

YAP1 were selected for the next WB analysis. As pre- 376

sented in Fig. 4G, all 5 genes in shGINS2 groups were 377

remarkably down-regulated. In agreement, the results 378

were in agreement with gene expression profiling, im- 379
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Fig. 6. RRM2 rescued the effect of GINS2 in HNSCC cells. (A) The protein expressions of RRM2 were determined by WB in CNE-2Z and FaDu
cells. (B) MTT results of the rescue assay. (C) Apoptosis results of the rescue assay. ∗∗∗∗P < 0.0001.

plying that GINS2 might exert an influence on HNSCC380

cell proliferation and apoptosis by regulating RRM2,381

SKP2, MKI67, CCNE2, and YAP1.382

3.6. RRM2, positively correlated with GINS2, its383

knockdown suppressed cell proliferation in384

HNSCC385

To prove our conjecture, we chose to knock down386

RRM2, SKP2, and YAP1 in FaDu cells via lentivirus387

infection. The efficiency of transfection was confirmed388

by qRT-PCR (P < 0.0001) (Fig. 5A). The results of389

the Celigo cell counting assay indicated that knock-390

ing down RRM2 (P < 0.0001), SKP2 (P < 0.001),391

and YAP1 (P < 0.001) dropped the total cell number392

as well as cell growth rate in FaDu (Fig. 5B). Among393

them, the RRM2 knockdown group showed the most394

significant growth inhibition. Then, we knocked down395

RRM2 in CNE-2Z which was confirmed by qRT-PCR396

(P < 0.0001) (Fig. 5C), and repeated the above Celigo397

cell counting assay. Again, knocking down RRM2 sig-398

nificantly reduced the cell growth rate in CNE-2Z cells 399

(P < 0.001) (Fig. 5D). Based on the foregoing re- 400

sults, after knockdown of GINS2, the expression of 401

RRM2 was also down-regulated; and down-regulation 402

of RRM2 also inhibited proliferation, we speculated 403

that the two are likely to be positively correlated. We 404

retrieved 502 HNSCC tissues through the starBase v3.0 405

software and found that the expression levels of the 406

two were indeed positively correlated (r = 0.583, P < 407

0.0001) (Fig. 5E). 408

3.7. RRM2 partially rescued the effect of GINS2 in 409

HNSCC cells 410

Later, CNE-2Z and FaDu cells were transfected with 411

shGINS2, or co-transfected with shGINS2 and oe- 412

RRM2 in rescue assays. The transfection effect was 413

tested by WB analysis (Fig. 6A). Essentially, in MTT 414

analysis, the overexpression of RRM2 rescued the re- 415

pression of shGINS2 on cell proliferation in CNE-2Z 416

cells, as well as in FaDu Cells (Fig. 6B). Meanwhile, 417
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Fig. 7. Knockdown of GINS2 suppresses tumor growth in vivo. (A) Xenograft models in nu/nu mice were generated using CNE-2Z cells transfected
with Ctrl-shRNA (n = 6) or GINS2-shRNA (n = 6). (B) The volumes of subcutaneous tumors in indicated mice were measured for 34 days.
(C) The average weights of excised tumors are shown. Data represents the mean ± SD (n = 6); ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.

in apoptosis assay, the overexpression of RRM2 also418

partially abolished shGINS2-mediated enhancement of419

cell apoptosis in CNE-2Z and FaDu cells (Fig. 6C).420

3.8. GINS2 knockdown inhibited in vivo tumor growth421

To extend the in vitro observations, we investigated422

the effects of GINS2 knockdown on tumor growth in423

vivo. CNE-2Z cells that were transfected with either424

GINS2-shRNA or Ctrl-shRNA lentivirus were injected425

into nude mice, and the tumor growth was monitored.426

Tumors formed by GINS2-silenced CNE-2Z cells were427

much smaller during the experimental period than the428

control tumor (Fig. 7A and B). Furthermore, the excised429

Ctrl-shRNA tumors weighed on an average of 4006 430

mg whereas GINS2-shRNA tumors averaged 1368 mg 431

(Fig. 7C). Collectively, these results emphasize the in 432

vivo promoting role of GINS2 in cancer progression. 433

4. Discussion 434

HNSCC, diagnosed in > 550,000 patients annually 435

worldwide and leads to > 300,000 deaths, is one of the 436

highly lethal cancers globally [1]. Current HNSCC ther- 437

apy requires a combination of multiple treatment meth- 438

ods such as surgery, radiation, and chemotherapy [1]. 439

Aggressive treatment can be curative, but more than 440
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50% of patients with locoregionally advanced HNSCC441

have recurrence or metastasis within 3 years [2,3].442

The GINS complex, which plays an irreplaceable443

role in initiating chromosome replication and normal444

operation of the DNA replication forks, is composed445

of GINS1, GINS2, GINS3, and GINS4 [6,8]. Earlier446

studies pointed out that the GINS complex is closely447

correlated with tumor development [8]. For instance,448

in lung cancer, GINS1 affects cell proliferation and449

cycle arrest, and GINS3 affects OS [13,14]. In bladder450

cancer, the expression of GINS4 increases and promotes451

proliferation [15].452

It has been reported that the expression level of453

GINS2 is high in cancer cells, such as cervical cancer,454

non-small-cell lung cancer (NSCLC), and breast can-455

cer [16,17]. However, to date, little was known about456

the function of GINS2 in HNSCC. Here, we conducted457

IHC in 85 clinical HNSCC samples. GINS2 was highly458

expressed in HNSCC tissues and was correlated with459

the clinical staging, which consistent with our TCGA460

and starBase v3.0 database analyses in HNSCC, as well461

as previous research in other cancers [10,11]. Similarly,462

cell experiments also confirmed that GINS2 is highly463

expressed in HNSCC. In terms of prognostic prediction,464

like previous studies in glioma, we also confirmed that465

GINS2 expression was negatively correlated with OS466

in HNSCC.467

GINS2, as a subunit of the GINS complex, partici-468

pates in the regulation of tumor cell proliferation, apop-469

tosis, and cycle [6]. Our experimental findings noti-470

fied that inhibiting GINS2 could reduce cell prolifera-471

tion and induce cell apoptosis, while overexpression of472

GINS2 had the opposite effect. This was also consistent473

with the view that GINS2 plays an oncogene in NSCLC474

in other studies [8,10].475

Although the aforementioned results have revealed476

the functions of GINS2 in terms of proliferation and477

apoptosis in HNSCC, its regulatory mechanism is still478

unclear. To this end, we used IPA for modulator anal-479

ysis and found that after GINS2 inhibition, the MYC480

pathway was significantly inhibited. MYC, an onco-481

genic protein, which was first discovered in 1982, is482

activated in up to 70% of human cancers and can cause483

genome instability in various human tumors [18,19].484

According to previous researches, it seems that knock-485

ing down MYC in cancer cell lines established in vitro486

could ultimately reduce cell proliferation and in some487

cases induce apoptosis [18]. In short, MYC, as a well-488

known transcription regulator, is at a key position in489

many growth-promoting signal transduction pathways.490

The MYC pathway activation is a key driver for multi-491

ple cancers [20]. Combing the IPA results and previous 492

researches, we selected the MYC pathway as a potential 493

research target in our following research. 494

With a network map of the molecules on the MYC 495

pathway, we further conducted qRT-PCR and WB in 496

CNE-2Z shGINS2 cells, implying that GINS2 knock- 497

down might influence HNSCC cells by down-regulating 498

RRM2, SKP2, MKI67, CCNE2, and YAP1. Afterward, 499

we carried out the Celigo cell counting assay on cell 500

growth. According to the results, the RRM2 knock- 501

down group showed the most significant growth inhi- 502

bition. Given the above results, it is highly likely that 503

GINS2 may promote HNSCC by positively regulat- 504

ing RRM2. Therefore, starBase was run to predict the 505

relationship between GINS2 and RRM2. Indeed, the 506

prediction results showed that they were positively cor- 507

related. Through reviewing previous research, we grad- 508

ually formed an understanding of RRM2, which en- 509

codes the catalytic subunit of ribonucleotide reductase 510

(RNR) [21]. RNR can catalyze the conversion of ri- 511

bonucleotides to deoxyribonucleotides (dNTPs), which 512

are essential for the replication and repair of DNA syn- 513

thesis [22]. Notably, knockdown of RRM2 caused DNA 514

replication stress and DNA damage [21]. Similar to 515

GINS2, RRM2 is overexpressed and plays an onco- 516

genic role in several cancers, containing gastric, breast, 517

ovarian, and so on [23,24,25]. Upregulation of RRM2 518

in oral, lung, adrenocortical, and pancreatic cancer cells 519

could lead to resistance of gemcitabine [26,27,28]. In- 520

creasing evidence demonstrated that RRM2 upregula- 521

tion was correlated with worsen survival of various can- 522

cers [23,29]. High expression of RRM2 enhanced pro- 523

liferation, migration, and invasion but inhibited apopto- 524

sis of human cancer cells [21,29]. Afterward, the rescue 525

assay was performed in our study, which proved that 526

RRM2 overexpression partially abolished the shGINS2- 527

mediated effect of cell proliferation and apoptosis in 528

HNSCC. Taken together, we have more reason to be- 529

lieve that GINS2 may promote HNSCC by positively 530

modulating the expression of RRM2. 531

In addition to its biological significance in prolifer- 532

ation and apoptosis, GINS2 also involves in cell cy- 533

cle and radioresistance in cancers. In GBM, studies on 534

GINS2 demonstrated that silencing GINS2 expression 535

caused cell cycle arrest at G1-phase and increased sen- 536

sitivity to radiotherapy. A high level of GINS2 might 537

enhance the radioresistance of glioma stem cells [30]. 538

Based on the above, we may further explore the rele- 539

vant mechanisms of GINS2 in terms of cell cycle and 540

radioresistance of HNSCC in our follow-up research. 541

In summary, through this study, we enhanced our 542

comprehension of the HNSCC development mecha- 543



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 21/03/2024; 8:24 File: cbm–1-cbm230337.tex; BOKCTP/xjm p. 13

T. Wang et al. / GINS2 promotes human HNSCC 13

nism. All the above findings indicated that GINS2,544

which is highly expressed in HNSCC, might be a car-545

cinogenic factor related to proliferation and apoptosis,546

and may promote tumor development by up-regulating547

RRM2. Therefore, GINS2 might serve as a prognostic548

predictor and therapeutic biomarker for HNSCC pa-549

tients.550
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