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Abstract
A considerable amount of people succumbs to lung adenocarcinoma (LUAD) due to its high incidence and mortality. This 
study attempted to reveal the impacts of GOLM1 on LUAD. This work analyzed GOLM1 expression in LUAD and normal 
tissue and studied its prognostic value utilizing data from The Cancer Genome Atlas. RNA and protein levels were, respec-
tively, determined utilizing qRT-PCR and western blot. Cell-aggressive behaviors were assessed employing Cell Counting 
Kit-8, scratch healing, and Transwell assays. The targetting relationship between GOLM1 and miR-30a-3p was assayed by 
dual-luciferase method. GOLM1 up-regulation in LUAD was found in TCGA and it was also a negative factor for survival 
in patients. GOLM1 overexpression promoted cell progression in LUAD. Down-regulated miR-30a-3p in LUAD was an 
upstream regulatory miRNA of GOLM1 in terms of molecular mechanism. Further, rescue assays illustrated that miR-30a-3p 
overexpression attenuated the GOLM1 facilitating impacts on LUAD progression. Finally, we proved that miR-30a-3p/
GOLM1 regulated progression of LUAD cells via JAK-STAT pathway. Collectively, the inhibitory impacts of miR-30a-3p 
on LUAD growth may be mediated by GOLM1/JAK-STAT, which may contribute to the diagnosis of LUAD therapy and 
the development of therapeutic tools.
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Introduction

After years of research, lung cancer has been classified into 
several types, and non-small cell lung cancer (NSCLC) is 
the most frequent one [1]. Lung adenocarcinoma (LUAD) 
is the predominant classification of NSCLC [2]. LUAD 
development is a complex process modulated at genetic and 
epigenetic manners [3]. Inhibition of tumors is an effective 
measure for treatment of malignant tumors [4]. Platinum-
based therapy is currently the main tumor-suppressant ther-
apy, and it can repress the growth of LUAD cells [5]. How-
ever, its side-effects are concerned for body damage, which 

contribute to LUAD patients’ poor prognosis [6]. Hence, it 
is meaningful to clarify the mechanisms underlying LUAD 
progression and identify novel biomarkers and targets for 
LUAD.

Golgi membrane protein 1 (GOLM1) serves as a trans-
membrane glycoprotein of the Golgi body [7]. Since Golgi 
apparatus plays a vital role in protein modification and trans-
port, aberrant expression of related proteins might lead to 
prominent changes in cellular processes and functions [8]. 
Many recent studies have manifested that GOLM1 exerts a 
tumor-promoting role in many cancers, like hepatocellular 
carcinoma [9], breast cancer [10], prostate cancer [11], and 
colorectal cancer [12]. GOLM1 overexpression pertains to 
bad prognostic outcomes of cancers, which might be a novel 
treatment target [13, 14]. GOLM1 can mediate metastasis 
of hepatocellular carcinoma (HCC) by modulating epider-
mal growth factor receptor/receptor tyrosine kinase (EGFR/
RTK) cell surface recycling [15]. Moreover, GOLM1 up-
regulation represses P53 tetramer formation to increase 
non-small cell lung cancer aggressiveness [16]. Although 
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it was reported that overexpression of GOLM1 can predict 
patients’ survival [17], the biological function of GOLM1 
in LUAD needs to be further researched.

miRNAs can suppress or promote cancer progression 
via mediating the posttranscriptional expression of target 
mRNAs [18]. Multiple miRNAs have been identified as the 
markers for cancer diagnosis and prognosis [19]. MiR-30a 
was demonstrated to play a part in cancer-related processes, 
like metastasis and proliferation [20]. It was less expressed 
in breast cancer and could suppress the progression of breast 
cancer via Wnt/β-catenin pathway [21]. The overexpression 
of miR-30a restrained colony formation and growth of lung 
cancer cells via targeting MEF2D [22]. Jing Sui et al. discov-
ered that miR-30a-3p decreased LUAD cell proliferation and 
stimulated apoptosis via mediating AKT3 [23]. However, 
the exact relevance of miR-30a-3p in LUAD remains to be 
defined.

Here, GOLM1, miR-30a-3p and the downstream regula-
tory pathway were research objects. How these two genes 
and JAK-STAT signaling interacted to mediate tumor-rele-
vant functions of LUAD was defined. Our results are condu-
cive to developing novel strategies for LUAD therapy.

Materials and Methods

Microarray Analysis

Mature miRNA data (46 normal, 521 cancer) and mRNA 
data (59 normal, 535 cancer) of The Cancer Genome 
Atlas (TCGA)-LUAD were acquired from TCGA. Based 
on the download data, the “edgeR” package was utilized 
to introduce differential expression analysis on miRNAs 
(|logFC|> 2.0, padj < 0.01). To identify the upstream regu-
latory miRNAs of GOLM1, miRDB (http:// mirdb. org/) and 
TargetScan (http:// www. targe tscan. org/ vert_ 72/) were used 
for prediction. Then, an overlapping set of the predicted and 
the significantly down-regulated miRNAs was made. Pear-
son correlation analysis was conducted between the obtained 
miRNAs and GOLM1, and the miRNA with a stronger nega-
tive correlation was selected for the study.

Cell Culture and Transfection

Human alveolar epithelial  cell  l ine HPAEpiC 
(BNCC337856), human LUAD cell lines A549 
(BNCC337696), PC-9 (BNCC340767), and SPC-A-1 
(BNCC100120) were all accessed from BeNa Culture Col-
lection (BeNa, China). HPAEpiC was cultured in Roswell 
Park Memorial Institute-1640 (RPMI-1640, Gibco, USA) 
medium with 10% fetal bovine serum (FBS, Gibco, USA), 
A549 in F-12 K medium containing 10% FBS, SPC-A-1 
in Dulbecco’s modified eagle medium–high glucose 

(DMEM-H, Gibco, USA) medium containing 10% FBS, and 
PC-9 in RPMI-1640 complete medium. Cells were incubated 
at 37 °C with 5%  CO2. All mediums should be replaced 
every 1–2 days.

When the cell confluence reached 50%, they were trans-
fected with miR-30a-3p mimics (miR-micmic) or nega-
tive control (miR-NC) with Lipofectamine 2000 (Invit-
rogen, USA). Cell harvesting was undertaken 48 h after 
transfection.

Quantitative Reverse Transcription Polymerase 
Chain Reaction (qRT‑PCR)

Total RNA isolation from cells was performed utilizing 
Trizol reagent (Invitrogen, USA). Then, reverse transcrip-
tion was performed with the PrimeScript RT kit (Takara, 
Japan). The concentration of the extracted RNA was meas-
ured with a spectrophotometer. qRT-PCR was performed 
by SYBR Premix Ex Taq TM (Takara, Japan). The rela-
tive gene expression was calculated by the  2−ΔΔCt method. 
GAPDH and U6 were utilized as the endogenous controls 
for detection of GOLM1 and miR-30a-3p expression levels. 
The Primer sequences are displayed in Table 1.

Cell Counting Kit‑8 (CCK‑8) Assay

Cells (5 ×  103 cells/well) were laid in 96-well plates and 
cultured in an incubator at 37 ℃ with 5%  CO2. At 0, 24, 
48, 72, and 96 h, 10 μL CCK-8 reagent (Dojindo, Japan) 
was, respectively, added to each well. The cells were then 
cultured for another 4 h, and the absorbance was detected at 
450 nm using a Microplate Reader (Bio-Rad, USA).

Scratch Healing Assay

Cells (1 ×  105 cells/well) in each group were seeded into 
6-well plates. Once transfection completed, the monolayer 
cells were scraped with a sterile 200 μL micropipette. After 
three PBS washes, the cells were incubated in serum-free 
medium containing 5%  CO2 at 37 ℃. The healing areas of 

Table 1  qRT-PCR primer sequences

Gene Primer sequence (5′ → 3′)

miR-30a-3p F: ATC CAG TGC GTG TCGTG 
R: TGC TCT TTC AGT CGG ATG T

U6 F: GCT TCG GCA GCA CAT ATA CTA AAA T
R: CGC TTC ACG AAT TTG CGT GTCAT 

GOLM1 F: GGC GGA TCC ATG ATG GGC TTG GGA AACGG 
R: GGC GAA TTC TCA GAG TGT ATG ATT CCG CTT T

GAPDH F: CTG GGC TAC ACT GAG CAC C
R: AAG TGG TCG TTG AGG GCA ATG 

http://mirdb.org/
http://www.targetscan.org/vert_72/
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the cells were then observed and photographed at 0 and 
24 h. Wound healing area was calculated as: wound healing 
(%) =  (W0–Wn) /  W0 × 100, in which  W0 denotes the initial 
wound healing distance and  Wn denotes the wound healing 
distance after n h.

Transwell Assay

Cell invasion assay was done using 24-well Transwell 
chamber (Corning, USA). 50 μL Matrigel (BD Biosciences, 
USA) was applied to the upper chamber. The cells were 
starved for 12 h without serum, washed twice with PBS, 
and resuspended with serum-free bovine serum albumin 
(BSA, Invitrogen, USA). Next, 500 μl DMEM-H medium 
containing 20% FBS (Invitrogen, USA) was added in the 
lower chamber. After 24-h incubation, a cotton swab was 
employed to remove non-invasive cells. Cells that invaded 
the lower chamber were then fixed with 4% paraformalde-
hyde for 15 min, rinsed twice with PBS and then stained 
with 0.1% crystal violet (Thermo Scientific™, #R40052, 
USA). Finally, five random fields per filter were counted 
and imaged under a microscope.

Western Blot Assay

Cell lysis was performed with radioimmunoprecipitation 
assay buffer (Beyotime, China). Bicinchoninic acid pro-
tein assay kit (Beyotime, China) was used for quantify pro-
tein concentration. Protein extracts were separated by 10% 
sodium dodecyl sulfate–polyacrylamide gel electrophore-
sis, followed by transferring the proteins to polyvinylidene 
fluoride membranes (Beyotime, China). Subsequently, the 
membranes were incubated with the primary antibodies 
rabbit anti-GOLM1 (1:5000, ab109628, Abcam, UK) and 
the rabbit anti-GAPDH (1:2500, ab9485, Abcam, UK) over-
night, followed by the secondary antibody goat anti-rabbit 
IgG H&L (HRP) (1:10,000, ab6721, Abcam, UK). Measure-
ments were made using a chemiluminescence system (Bio-
Rad, USA) and Image Lab software (Bio-Rad, USA) was 
applied for analysis.

Dual‑luciferase Detection

GOLM1 mutant (MUT) and wild-type 3′-untranslated 
regions (UTR) sequences were constructed by site mutation 
method. After annealing, all double-stranded segments were 
inserted into pmirGlO double-luciferase expression vectors 
(Promega, USA). Dual-luciferase assay was processed in 
A549 cells. MiR-30a-3p mimics or control mimics were 
co-transfected into cells using Lipofectamine 3000 (Inv-
itrogen, USA). 48 h later, luciferase activity was assessed 
and standardized using the Reporter Assay System Kit (Pro-
mega, USA).

Statistical Analysis

Data were processed on GraphPad Prism 6.0 (GraphPad, 
USA) and SPSS 21.0 Software (SPSS, USA). The differ-
ence between two groups or among groups was determined 
by the Student’s t test or one-way analysis of variance, 
respectively. Survival was measured by Kaplan–Meier. 
Outcomes were displayed in a manner of as mean ± stand-
ard deviation (SD). All assays underwent three repetitions. 
p < 0.05 refers to a statistically prominent difference.

Results

GOLM1 Is Markedly Overexpressed in LUAD

Comparison of GOLM1 level utilizing RNA-Seq data 
from TCGA uncovered an evidently increased GOLM1 
expression in LUAD tissue over the normal control group 
(Fig. 1A). Combined with patient’s survival, we believed 
that the increased expression of GOLM1 was a nega-
tive factor for the survival of LUAD patients (Fig. 1B). 
Moreover, literature exhibited that the prominent activa-
tion of GOLM1 could deteriorate cancer development, 
and GOLM1 was expected to become a potential prog-
nostic marker [14, 24, 25]. Hence, we took GOLM1 as 
the research target. qRT-PCR and western blot outcomes 
showed a remarkable up-regulation in mRNA and pro-
tein levels of GOLM1 in LUAD cell lines compared with 
HPAEpiC cells (Fig. 1C–D). In summary, we concluded 
that GOLM1 expression was dramatically increased in 
LUAD. A549 with the most significantly up-regulated 
expression of GOLM1 was selected for subsequent func-
tional analyses.

Overexpression of GOLM1 Accelerates 
the Aggressive Phenotypes of LUAD Cells

To seek for the way GOLM1 mediates LUAD cell phe-
notypes, we transfected oe-GOLM1 into A549 cells. The 
result of qRT-PCR manifested a remarkable up-regulation 
of GOLM1 in oe-GOLM1 group compared with control 
group (Fig. 2A). As demonstrated by CCK-8 method, cell-
proliferative ability was markedly increased after overex-
pression of GOLM1 (Fig. 2B). The following scratch heal-
ing assay showed that overexpressed GOLM1 evidently 
increased the wound closure area of LUAD cells, indicat-
ing that overexpression of GOLM1 prominently strength-
ened cell migratory ability (Fig. 2C). The invasive ability 
after overexpressing GOLM1 was remarkably up-regulated 
(Fig. 2D). Combined with bioinformatics analysis and our 
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experimental results, it was believed that GOLM1 had a 
promoting effect on the progression of LUAD cells.

MiR‑30a‑3p Is Notably Less Expressed in LUAD Cells

To gain insight into the possible reasons for the abnor-
mal expression of GOLM1 in LUAD, we downloaded 
mature miRNA data (Fig. 3A). The differentially down-
regulated miRNAs were overlapped with the miRNAs 
predicted by the database. As a result, miR-30a-3p and 
miR-143-3p were acquired (Fig. 3B). We further observed 
that miR-30a-3p had a higher negative correlation with 
GOLM1, and it was therefore regarded as the most likely 
upstream miRNA of GOLM1 (Fig. 3C). Subsequently, 
through TCGA-LUAD dataset, we found that miR-30a-3p 
was down-regulated in LUAD tissues, and the detection 
of miR-30a-3p at the cellular level further confirmed the 
result (Fig. 3D–E). Altogether, miR-30a-3p, less expressed 
in LUAD, was the most likely upstream regulatory miRNA 
of GOLM1.

MiR‑30a‑3p Targets GOLM1 in LUAD Cells

In the present study, the analysis using a bioinformatics 
prediction tool showed that miR-30a-3p directly bound to 
GOLM1 (Fig. 4A). To confirm it, we conducted dual-lucif-
erase reporter detection and the result illustrated that miR-
30a-3p mimics remarkably inhibited the luciferase activ-
ity of WT GOLM1, while the luciferase activity of MUT 
GOLM1 had no significant change (Fig. 4B). According to 
qRT-PCR and western blot, miR-30a-3p mimics treatments 
suppressed mRNA and protein expression of GOLM1 in 
A549 cells (Fig. 4C–D). Taken together, these data indicated 
that miR-30a-3p could directly target and modulate GOLM1 
expression in LUAD.

MiR‑30a‑3p Restrains LUAD Development Through 
Mediating GOLM1

To further test for the role of miR-30a-3p on regulating 
GOLM1 expression, A549 cell line was used to construct 
transfection groups. First of all, qRT-PCR and western blot 

Fig. 1  Differential level of GOLM1 in LUAD. A Expression vio-
lin plot of GOLM1. Green: normal, red: tumor. B The survival rate 
of patients in the groups with different degrees of GOLM1 expres-

sion. C–D GOLM1 mRNA and protein expression in LUAD cell 
lines (A549, PC-9, and SPC-A-1) and human alveolar epithelial cells 
(HPAEpiC); *means p < 0.05
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assays manifested that oe-GOLM1 treatment triggered the 
prominently fostered GOLM1 expression, which could 
be counteracted by further treatment with miR-mimics 
(Fig. 5A–B). As revealed by cell function experiments, cell 
proliferative, migratory, and invasive abilities in LUAD were 
significantly increased when GOLM1 was overexpressed 
alone, while these abilities were prominently weakened 
after the simultaneous overexpression of miR-30a-3p and 
GOLM1 (Fig. 5C–E). Altogether, miR-30a-3p could inhibit 
LUAD development through down-regulating GOLM1 
expression.

MiR‑30a‑3p/GOLM1 Mediates JAK/STAT Signaling 
to Restrain LUAD Progression

We predicted the signaling pathways potentially affected by 
miR-30a-3p/GOLM1 axis in LUAD cells. Through GSEA 
enrichment analysis, the JAK/STAT signaling pathway was 
found to be closely related to miR-30a-3p/GOLM1 expres-
sion in LUAD (Supplementary Fig. 1). Toward that end, we 
assessed the protein levels of p-JAK2, JAK2, p-STAT3, and 
STAT3, in the differently transfected groups. The western 

blot experiment demonstrated that GOLM1 could enhance 
JAK2 and STAT3 phosphorylation, but miR-30a-3p over-
expression reduced the abilities of GOLM1 to promote the 
activation of these proteins in A549 cells (Fig. 6A). We also 
observed that GOLM1 promoted epithelial–mesenchymal 
transition progression in LUAD cells, whereas miR-30a-3p 
overexpression was able to block this trend. On the above, 
miR-30a-3p/GOLM1 axis modulated JAK/STAT signaling 
as well as EMT progression in LUAD cells.

Discussion

With the increasing atmospheric pollution, the occurrence 
of LUAD has gradually attracted people’s attention. As 
a type of lung cancer, it is a non-small cell carcinoma 
originating from the mucus-producing glands of the lungs 
[26]. Its incidence is lower than that of squamous cell car-
cinoma and undifferentiated carcinoma, the age of onset 
age is younger, and it is more common in women [27]. 
It was uncovered that many mRNAs are involved in sev-
eral important biological and pathological processes in 

Fig. 2  GOLM1 promotes malig-
nant behaviors of LUAD. A The 
transfection efficiency of oe-NC 
and oe-GOLM1 groups; B the 
proliferative ability of differ-
ent transfection groups; C the 
migratory ability of different 
groups (40 ×); D the invasive 
ability of different groups 
(100 ×); *means p < 0.05
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LUAD. For instance, Hongxiang Feng et al. found PTEN 
could modulate the cell growth, migration, and invasion 
of LUAD [28]. Pengyu Jing et al. found KLF8 regulated 
LUAD metastasis by forming a signaling axis with miR-
24-3p [29]. The overexpression of DAB2 can facilitate 
metastasis and drug resistance of stage I LUAD [30]. On 

this basis, we focused on finding new therapeutic targets 
and potential molecular mechanisms of LUAD.

Previous studies proved that GOLM1 throw a flood of 
light upon cancer therapies. For example, GOLM1 mediates 
EGFR/RTK to boost tumor metastasis in hepatocellular car-
cinoma [15]. GOLM1 accelerates human glioma progression 

Fig. 3  miR-30a-3p is down-regulated in LUAD. A Volcano map of 
differential miRNAs. Red: high expression, green: low expression; B 
Venn diagram about miRNAs with binding sites with GOLM1 and 
down-regulated miRNAs; C Pearson correlation analysis between 

two miRNA and GOLM1; D expression violin plot of miR-30a-3p. 
Green: normal, red: tumor; E the mRNA expression of miR-30a-3p in 
LUAD cell lines and human alveolar epithelial cells; *means p < 0.05

Fig. 4  MiR-30a-3p targets 
GOLM1 in LUAD. A Binding 
site between miR-30a-3p and 
GOLM1; B luciferase activity 
of different transfection groups; 
C–D mRNA and protein expres-
sion of GOLM1 in different 
transfection groups; *means 
p < 0.05
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by activating Akt [31]. In melanoma, GOLM1 aggravates 
tumor-associated behaviors by mediating PI3K/Akt [11]. 
Herein, we uncovered that GOLM1 was prominently over-
expressed in LUAD, and it could facilitate the progression 
of LUAD cells.

Subsequently, we predicted potential upstream regulatory 
miRNAs of GOLM1. Combined with the predicted results 
and Pearson correlation analysis, miR-30a-3p was the most 
likely upstream mediator of GOLM1, and we speculated that 
miR-30a-3p modulated LUAD through mediating GOLM1. 
Previous work elaborated that miR-30a-3p could constrain 
tumor progression [32, 33]. For instance, inactivation of 
miR-30a-3p/5p accelerated cell proliferation in esophageal 
squamous cell carcinoma [34]. MiR-30a-3p repressed the 
development of helicobacter pylori gastric cancer by target-
ing COX-2 and BCL9 [35]. MiR-30a-3p restrained renal cell 
cancer cells through WNT2 mediation [36]. For the pur-
pose of verifying our speculation, we attested miR-30a-3p 

binding GOLM1 and negatively mediating its expression. 
As illustrated by rescue assay, miR-30a-3p could debilitate 
the promotion of GOLM1 enforced expression on LUAD 
progression. Therefore, miR-30a-3p might be a key gene 
involved in LUAD tumorigenesis.

JAK/STAT pathway is pivotal in regulating cellular 
mechanisms, such as proliferation and survival, and also 
contributes to tumor growth [37]. C-S Zhang et al. demon-
strated that miR-409 could suppress the progression of liver 
cancer via JAK-STAT pathway [38]. Zhongxing Bing et al. 
discovered that miR-153/PRDM2 modulated invasion and 
proliferation of NSCLC through JAK/STAT signaling [39]. 
This work determined that miR-30a-3p could inhibit JAK/
STAT signaling via targeting GOLM1, thus suppressing the 
progression of LUAD.

Collectively, this study revealed the underlying molec-
ular mechanisms of the tumor-relevant behaviors in 
LUAD. Through in vitro experiments, we confirmed that 

Fig. 5  MiR-30a-3p restrains the development of LUAD by target-
ing GOLM1. A–B The mRNA and protein expression of GOLM1 
in different transfection groups; C cell proliferation level in different 

transfection groups; D the cell migration level of different transfec-
tion groups (40 ×); E the cell invasion in different transfection groups 
(100 ×); *means p < 0.05
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miR-30a-3p interacted with GOLM1 to mediate LUAD 
progression via JAK/STAT signaling pathway. Finally, 
our results indicated that miR-30a-3p/GOLM1 could be a 
potent candidate marker for clinical diagnosis and could 
be used as a therapeutic agent for LUAD. Nevertheless, 
the present work lacks evidence of miR-30a-3p regulat-
ing in vivo tumor metastasis, while other targets of miR-
30a-3p may also influence LUAD cancerization, which 
prompts us to scrutinize the corresponding mechanism in 
LUAD progression.
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