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Abstract. – OBJECTIVE: Our study aimed to in-
vestigate miR-193a-3p expression and its clinical 
significance in pituitary adenomas (PAs). More-
over, the correlation between miR-193a-3p expres-
sion and the invasiveness of PAs was explored. 

PATIENTS AND METHODS: In this study, the 
relative expression levels of miR-193a-3p were 
detected via quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). The correlations 
between miR-193a-3p and tumor size, clinical 
features, and prolactinomas postoperative pro-
lactin (PRL) levels early remission were further 
analyzed.

RESULTS: Compared with non-invasive PAs, 
there was a lower miR-193a-3p expression in 
invasive PAs. MiR-193a-3p expression had re-
verse relevance to tumor size. A higher risk 
of postoperative residual and recurrence was 
found in patients with downregulated miR-193a-
3p. Prolactinomas patients with postoperative 
PRL levels early remission were at lower risk 
to relapse and patients with high-expression 
miR-193a-3p had a higher early remission rate, 
suggesting that miR-193a-3p was a significant 
prognostic factor for prolactinomas.

CONCLUSIONS: MiR-193a-3p could have po-
tential therapeutic value for invasive pituitary 
adenomas.
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Introduction

Pituitary adenomas (PAs) are a common type 
of benign intracranial tumors, accounting for ap-
proximately 10%-15% of all brain tumors1. Based 
on their biological behavior, PAs could be divided 
into non-invasive pituitary adenomas (non-IPAs) 
and invasive pituitary adenomas (IPAs). Like ma-
lignant tumors, IPAs usually grow in an aggres-
sive way. They can invade surrounding structures 

like parasellar cavernous sinus (CS), wrap the 
internal carotid arteries (ICAs), even erode the 
sellar floor and protrude into sphenoid sinus2. It is 
extremely difficult to radically remove all tumor 
tissues through surgery, leading to dismal prog-
nosis in IPAs. Therefore, it is significant to further 
investigate the biological mechanism of tumori-
genesis and invasiveness in IPAs.

MicroRNAs (miRNAs), consisting of 19-25 
nucleotides, are a class of short non-coding RNA. 
By binding to the 3’untranslated region (3’UTR) 
of target genes, miRNAs can inhibit translation 
or initiate transcriptional degradation and thus 
regulate the expression of post-transcriptional 
genes3. In recent years, it is widely reported that 
miRNAs play a significant role in tumorigenesis, 
cell proliferation, and apoptosis. Some are able to 
promote the origin and proliferation of tumors, 
acting as oncogenes. Some may act as tumor sup-
pressor genes and inhibit tumor progression4. It 
has been reported that the abnormal expression of 
miRNAs has close connection with tumor prolif-
eration and invasiveness in bladder cancer, gas-
tric cancer, lung cancer, and glioma5-8. Besides, 
some studies9,10 have supported that the abnormal 
expression of miRNAs could promote the prolif-
eration and invasiveness of PAs. Of note, our pre-
vious research11 demonstrated that miR-193a-3p 
was downregulated in growth hormone (GH)-se-
creting PAs. Besides, downregulated miR-193a-3p 
can inhibit the growth, invasiveness and distant 
metastasis of tumor cells and promote apoptosis 
in other types of tumors12,13. However, there is lit-
tle evidence on the role of miR-193a-3p in PAs. 
Therefore, the association between miR-193a-3p 
and the invasiveness of PAs warrants further in-
vestigation. Our study was a pilot study to inves-
tigate the role of miR-193a-3p in the invasiveness 
of PAs. The expression levels of miR-193a-3p in 
IPAs and non-IPAs were determined by quantita-
tive Real Time-Polymerase Chain Reaction (qRT-
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PCR). We compared the miR-193a-3p expression 
of IPAs and non-IPAs. Besides, we explored the 
relationships between miR-193a-3p expression 
and tumor size, clinical characteristics, and pro-
lactinomas postoperative PRL levels early remis-
sion. Our results indicated a potential biomarker 
for IPAs treatment.

Patients and Methods

Patient Samples
Altogether 82 patients diagnosed with PAs by 

imaging and postoperative immunohistochemis-
try from November 2011 to October 2019 were en-
rolled into this study. Experimental samples were 
obtained from patients who received endoscopic 
trans-sphenoidal adenomectomy  in the East Di-
vision of the First Affiliated Hospital, Sun Yat-sen 
University (Guangzhou, China). Other pituitary 
tumors, such as Rathke’s cyst, pituitary carcino-
ma, and PAs with other tumors were excluded. For 
prolactinomas patients, we enrolled patients with 
dopamine agonists (DA) non-response or intoler-
ance and those who had not taken DA due to mi-
croprolactinomas, progressive visual impairment 
and pituitary apoplexy. No drug, chemotherapy, 
operation or other related treatment were applied 
preoperatively.

82 patients (44 males and 38 females) aged 
21-70 years (mean 45.83 ± 13.23 years). Of them, 
there were 42 (51.22%) non-functional adeno-
mas, 33 (40.24%) PRL adenomas, 5 (6.1%) GH 
adenomas, and 2 (2.44%) follicle-stimulating 
hormone (FSH) adenomas. There were 52 cas-
es of macro-adenomas [1<largest tumor diame-
ter (d<3 cm) and 30 huge adenomas (d≥3 cm)]. 
The diagnosis and functional status of PAs were 
based on the hormonal levels, clinical charac-
teristics, and histopathology. IPAs patients ac-
counted for 33 (40.24%) cases and 49 (59.76%) 
cases were non-IPAs. We used following criteria 
to define IPAs: (1) Knosp grades were 3 or 4; 
(2) the tumor was proved to invade CS or pen-
etrate into sellar diaphragm and sellar floor by 
surgical document or pathological analysis. All 
patients signed informed consent. The study was 
approved by the Ethics Committee for Clinical 
Research and Animal Trials of the First Affiliat-
ed Hospital of Sun Yat-Sen University (Guang-
zhou, China). Postoperative follow-up ended on 
January 2020, ranging 2.9-63.57 months (aver-
age, 22.20 ± 14.76 months).

Tissue Collection and RNA Isolation
Experimental tumor samples were collected 

from PAs patients who underwent endoscopic 
transsphenoidal surgery. All fresh tumor sam-
ples were initially preserved in liquid nitrogen 
and kept at -80°C for the subsequent experiment. 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was employed to isolate total RNA from PAs in 
accordance with manufacturer’s protocols.

QRT-PCR for gene expression
MiR-193a-3p expression levels were measured by 

qRT-PCR. cDNA for miR-193a-3p was synthesized 
with miR-193a-3p-specific stem-loop primer and 
random primer. SYBR-Green qPCR SuperMix (In-
vitrogen, Carlsbad, CA, USA) was used to conduct 
qRT-PCR. There were three steps in PCR (1 cycle at 
95°C for 5 min, and then 40 cycles at each of 95°C for 
15 s and 60°C for 32 s). PCR primers were as follows: 
miR-193a-3p, F: 5’-ACACTCCAGCTGGGAACTG-
GCCTACAAAGTCCCA-3’, R: 5’-CTCAACTGGT-
GTCGTGGAGTCGGCAATTCAGTTGAGACTG-
GGAC-3’; U6, F: 5’-CTCGCTTCGGCAGCACA-3’, 
R: 5’-AACGCTTCACGAATTTGCGT-3’. The cycle 
threshold (Ct) method () was applied in calculating 
relative expression levels. Each sample was per-
formed in triplicate separately.

Statistical Analysis 
Data collection and analysis were performed 

through Statistical Product and Service Solutions 
(SPSS) 25.0 (IBM Corp., Armonk, NY, USA). The 
results in the text were presented in the form of 
mean ± standard deviation (SD). x2 test was em-
ployed to assess difference among categorical data. 
Student’s t-test was applied to determine the differ-
ence between the two groups. Regression analysis 
was applied to generate correlation coefficients. 
Patient relapse-free interval curve was constructed 
by Kaplan-Meier method. The correlation between 
miR-193a-3p expression and tumor recurrence was 
analyzed by univariate logistic regression. Statisti-
cal significance was based on value of p<0.05. 

Results

MiR-193a-3p Expression in IPAs 
was Significantly Lower Than That 
in Non-IPAs

The study investigated miR-193a-3p expres-
sion levels in non-IPAs and IPAs using qRT-PCR. 
Taking the mean value of miR-193a-3p expression 
as boundary line, patients could be separated into 
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miR-193a-3p high expression and low expression 
groups. MiR-193a-3p expression in IPAs was ob-
viously lower than that in non-IPAs (p=0.003) 
(Figure 1). This result demonstrated that miR-
193a-3p could inhibit the invasiveness of PAs.

MiR-193a-3p Expression was Reversely 
Associated with Tumor Size

Based on the largest tumor diameter (d), PAs 
were classified as macro-adenomas (1<d<3 cm) 
and huge adenomas (d≥3 cm). The mean max-
imum diameter in non-IPAs group and IPAs 

group were 2.02 ± 0.59 cm and 3.29 ± 0.69 cm, 
respectively (p<0.001) (Figure 2A). The average 
largest diameter in miR-193a-3p high expression 
group and low expression group were 2.27 ± 0.98 
cm and 2.71 ± 0.81 cm, respectively (p=0.03). 
Through regression analysis, the study found a 
reverse correlation between miR-193a-3p expres-
sion and tumor size (r coefficient=-0.235; p=0.03) 
(Figure 2B). Thus, tumor size was closely related 
to the invasiveness of PAs and miR-193a-3p was 
reversely associated with tumor size, suggesting 
that miR-193a-3p could suppress the growth and 
invasiveness of PAs.

Association between Expression 
of MiR-193a-3p and Clinical Features 
of Patients

The clinical features of 82 patients were sum-
marized in Table I. Compared with macroadeno-
mas, huge adenomas had much lower miR-193a-
3p expression (p=0.002). Besides, expression of 
miR-193a-3p in those patients with compression 
symptoms was lower (p=0.035). Compression 
symptoms included headache, dizziness, vision 
loss, visual impairment, and even blindness, in 
which visual disturbance was essential. With re-
spect to the surgical resection degree, 16 (30.19%) 
patients had residual in the miR-193a-3p low-ex-
pression group while only 1 case (3.45%) had re-
sidual in the high-expression group. The rate of 
residual after operation was significantly higher in 
miR-193a-3p low-expression patients than that in 
miR-193a-3p high-expression patients (p=0.004). 

Figure 1. Expression of miR-193-3p in non-IPAs (n=49) 
and IPAs (n=33) tissues were determined by qRT-PCR. Data 
represented mean ± SD of three replicates (Student’s t-test: 
**p=0.003).

Figure 2. Relationships between PAs invasiveness, miR-193a-3p and tumor size. A, Tumor size in IPA and non-IPA (Stu-
dent’s t-test: **p<0.001). B, Relationship between miR-193a-3p expression and tumor size of PAs. The regression equation 
was y=-0.258X + 2.724 (r=-0.235; p=0.03).
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In total, 21 (25.61%) patients had tumor relapse 
and the average time to recurrence was 24.45 ± 
10.78 months. 14 of 33 (42.42%) IPA patients re-
curred with 22.71 ± 11.70 months. Univariate lo-
gistic regression was used to further investigate 
the association between miR-193a-3p expression 
and recurrence. It turned out that patients with 
downregulated miR-193a-3p had a higher risk of 
recurrence (OR: 0.133, CI: 0.028-0.62, p=0.01) 
(Figure 3). None evident correlation was found 
among expression levels of miR-193a-3p and oth-
er clinical features of PAs, including gender, age, 
adenoma type, endocrine symptoms, pituitary ap-

oplexy and tumor texture. These findings further 
supported that PAs patients with low expression 
of miR-193a-3p had worse outcomes than those 
with high expression of miR-193a-3p.

MiR-193a-3p Affected Postoperative PRL 
Levels Early Remission of Prolactinomas

There were 33 PRL adenomas (40.24%) 
among total patients. Preoperative PRL levels, 
PRL levels of the first day, one week and three 
months after operation of prolactinomas patients 
were collected. Changes of PRL levels of these 
four groups and association between miR-193a-3p 

Table I. Relationship between miR-193a-3p and clinical features of patients.

*Tumor recurrence was defined as: 1. the presence of a 0.1 cm3 tumor volume after total resection; 2. residual tumor increase 
25% after subtotal resection; 3. aggravation of clinical symptoms or reappearance after disappearance with a rise of hormone 
levels.

  	    	           MiR-193a-3p expression		
	
Clinical features	 N	 High	 Low	 p	 χ2

Sex
    Male                     	 44	 16	 28	 0.041	 0.839
    Female	 38	 13	 25
Age (year)    
    <50	 52	 17	 35	 0.444	 0.505
     ≥50	 30	 12	 18
Tumor largest diameter   
    <3 cm	 52	 25	 27	 10.046	 0.002
    ≥3 cm	 30	 4	 26
Invasiveness
    Non-IPA	 49	 25	 24	 13.054	 <0.001
    IPA	 33	 4	 29
Adenoma type
    Non-function	 42	 15	 27	 2.484	 0.478
    GH	 5	 3	 2                    
    PRL	 33	 11	 22
    FSH	 2	 0	 2
Compression symptoms
    Yes	 44	 11	 33	 4.463	 0.035
    No	 38	 18	 20        
Endocrine symptoms
    Yes	 34	 12	 22	 0.000	 0.991
    No	 48	 17	 31 
Pituitary apoplexy
    Yes	 17	  8	 9	 1.283	 0.257
    No	 65	 21	 44    
Tumor texture
    Cystic	 3	 3	 0	 5.769	 0.056                
    Solid	 53	 18	 35
    Cystic & solid	 26	 8	 18
Resection degree
    Total	 65	 28	 37	 8.156	 0.004
    Residual 	 17	 1	 16  
Recurrence*
    Yes	 21	 2	 19	 8.247	 0.004
    No 	 61	 27	 34     
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and prolactinomas  postoperative PRL levels ear-
ly remission were analyzed (Figure 4). The study 
did not analyze other hormone-secreting PAs due 
to the small sample size of them. The mean pre-
operative PRL levels was 153.14 ± 60.99 ng/ml 
while PRL levels of the first day, one week and 
three months after operation were 62.73 ± 71.48 
ng/ml, 63.68 ± 72.57 ng/ml and 64.38 ± 72.56 
ng/ml, respectively. Though PRL levels of one 
week and three months after operation were both 
higher than that of the first day after operation, 
the differences among these three groups were 
not significant (p of three groups>0.05) (Figure 
4A). Compared with preoperative PRL levels, 
PRL levels of the first day after surgery signifi-
cantly decreased (p<0.001) (Figure 4A). Postop-
erative PRL levels early remission was defined 
when PRL levels returned to normal within one 
week after surgery. On the contrary, persistent 
hyperprolactinemia was defined when PRL lev-

Figure 4. A, Changes of prolac-
tinomas PRL levels of preoperation, 
first day, one week and three months 
after operation (Student’s t-test: 
***p<0.001, p=0.224, p=0.341, 
p=0.052). B, Relationship be-
tween miR-193a-3p and post-operative 
PRL levels early remission of prolac-
tinomas (Chi-square test: DDp=0.004).

Figure 3. Kaplan-Meier curves for relapse-free interval for 
miR-193a-3p high expression (gray line) and low expression 
(black line).
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els remained higher than normalization for more 
than three months after operation. In the study, 
early remission was achieved in 54.55% (18/33) 
of all PRL adenomas patients while the ratio of 
patients with persistent hyperprolactinemia was 
45.45% (15/33). The ratios of early remission and 
persistent hyperprolactinemia in miR-193a-3p 
high expression group were 30.30% and 3.03%, 
respectively. While in the group of miR-193a-3p 
low expression, early remission ratio was 24.24% 
and persistent hyperprolactinemia ratio was 
42.42%. Prolactinomas patients with high miR-
193a-3p expression had a higher early remission 
ratio while a higher persistent hyperprolactinemia 
ratio was found in patients with downregulated 
miR-193a-3p (p=0.004) (Figure 4B). Thus, miR-
193a-3p was an influencing factor of postopera-
tive PRL levels early remission of prolactinomas.

Postoperative PRL Levels Early 
Remission Affected the Prognosis 
of Patients in Prolactinomas

Of 33 PRL adenomas patients, 11 patients 
(33.33%) had recurrence after surgery. We per-
formed further analysis on the relationship be-

tween PRL levels and recurrence (Figure 5). 
There was no significant correlation between 
preoperative PRL hormone levels and recurrence 
(p>0.05) (Figure 5A). Among patients with post-
operative PRL levels early remission, 3 patients 
underwent recurrence. By contrast, 8 patients 
with persistent hyperprolactinemia met with re-
currence. The correlation between postoperative 
PRL levels early remission and recurrence was 
significant (p=0.03) (Figure 5B). Consequently, 
normalized early postoperative PRL level could 
be a prognostic indicator for PRL adenomas.

Discussion

PAs, a common type of benign intracranial 
tumors, can be classified into non-functional pitu-
itary adenomas (NFPAs) and functional pituitary 
adenomas (FPAs). Based on the specific immu-
nohistochemical features and hormone content, 
FPAs include GH-secreting PAs, PRL-secreting 
PAs, thyroid stimulating hormone (TSH)-secret-
ing PAs, adrenocorticotropic hormone (ACTH)- 
secreting PAs, FSH/luteinizing hormone (LH)- 

Figure 5. Relationships between 
pre-operative, post-operative PRL 
levels early remission and recur-
rence in 33 prolactinomas patients. 
A, Relationships between preoper-
ative PRL and recurrence (χ2-test: a 
p=0.98). B, Postoperative PRL lev-
els early remission and recurrence 
(χ2-test: b p=0.03); PRL levels unit: 
ng/ml.
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secreting PAs and plurihormonal and double 
PAs14. Surgical resection serves as the main ther-
apy for PAs and most patients can be cured with 
appropriated surgery. However, some PAs grow 
aggressively. It is more difficult to perform radi-
cal surgery and more tumor recurrence occur in 
these PAs. This kind of PAs is termed as IPAs. 
In recent years, a lot of studies have shown that 
miRNAs serve as oncogenes or tumor suppressor 
genes during the course of origin and progression 
of PAs. Some miRNAs are closely related to the 
aggressive growth of PAs, for instance, He et al15 
discovered that by suppressing the expression of 
target activated leukocyte cell adhesion molecule 
(ALCAM), the overexpressed miR-148b-3p and 
miR-152 played a role in inhibiting the develop-
ment and invasiveness in PAs cells. With regard 
to miR-193a-3p, it was considered as a tumor sup-
pressor. For example,  miR-193a-3p had the ability 
to repress the occurrence and progression of col-
orectal cancer by inhibiting plasminogen activa-
tor urokinase (PLAU) expression16. Nevertheless, 
miR-193a-3p could also faciliate tumor growth. 
For instance, upregulated miR-193a-3p contribut-
ed to the tumorigenesis and development via tar-
geting the serine and arginine rich splicing factor 
2 (SRSF2) in hepatocellular carcinoma17.

In our study, miR-193a-3p expression in PAs 
was determined using qRT-PCR. Our study was 
a pilot one to discover that the expression levels 
of miR-193a-3p in IPAs were significantly lower 
than that in non-IPAs, which was consistent with 
our previous experimental results11. Buchfelder18 
showed that invasion of PAs was closely related to 
tumor size. Invasiveness of PAs could be found in 
nearly 80% of giant adenomas, but only in 22% of 
macroadenomas and 2% of microadenomas. Sim-
ilarly, a follow-up analysis of 444 patients who 
experienced trans-sphenoidal adenomectomy 
found that larger tumor size was a strong predic-
tor of poor surgical outcome and patients with tu-
mor diameter larger than 2 cm were more likely to 
develop hypopituitarism19. Herein, we found that 
the average tumor size in IPAs was larger than 
that in non-IPAs and miR-193a-3p expression was 
reversely related with tumor size. The expression 
of miR-193a-3p was lower in huge adenomas than 
that in macroadenomas. Compression to the op-
tic nerves and chiasm due to the growing tumor 
can cause visual field deficit. Uy et al20 report-
ed that owning to the invasive growth of IPAs, 
visual disturbance was more common in IPAs 
than in non-IPAs. In our research, patients with 
downregulated miR-193-3p were at higher risk 

of compression symptoms. Therefore, miR-193a-
3p could have an effect on repressing the growth 
and invasiveness of PAs, functioning as a tumor 
suppressor. Moreover, patients with residual after 
surgery had lower expression levels of miR-193a-
3p. It is well known to us that surgical resection 
degree is closely correlated with recrudescence. 
This study also detected that patients with low 
miR-193a-3p expression were at higher risk to re-
cur than those with high miR-193a-3p expression. 
Therefore, miR-193a-3p was a potential influenc-
ing factor of prognosis in PAs patients. It was 
reported that high preoperative PRL levels were 
closely related to poor prognosis in PRL adeno-
mas21. Postoperative PRL hormone levels were 
considered as an independent prognostic factor in 
PRL adenomas. DA was the first-line treatment 
for prolactinomas due to the high efficacy and 
tolerability. Large numbers of studies manifest-
ed that DA could effectively lower PRL hormone 
levels and reduce tumor volume. However, parts 
of invasive PRL adenomas patients are DA-re-
sistant and hyperprolactinemia still exists after 
successful surgery in these patients. In the study, 
we analyzed the relationship between PRL levels 
and recurrence in prolactinomas, as well as the 
correlation between miR-193a-3p and postopera-
tive hyperprolactinemia, excluding the influences 
of DA through inclusion criteria. However, our 
experiment did not investigate the relationship 
between DA resistance and postoperative hyper-
prolactinemia and whether miR-193a-3p was re-
lated to DA resistance. During the research, we 
found that there was a significant correlation be-
tween postoperative PRL levels early remission 
and the recurrence of PRL adenomas. However, 
preoperative PRL levels were not significantly 
related to recurrence. Moreover, PRL adenomas 
patients with postoperative PRL levels early re-
mission had better outcomes than those with per-
sistent hyperprolactinemia. For prolactinomas, 
the PRL early remission rate in patients with high 
miR-193a-3p expression was higher than that in 
patients with low miR-193a-3p expression. There-
fore, miR-193a-3p was a potential influencing fac-
tor of prognosis in prolactinomas patients. 

Conclusions

Compared with non-IPAs patients, IPAs pa-
tients had lower miR-193a-3p expression. Besides, 
miR-193a-3p expression was reversely associated 
with tumor size and patients with low miR-193a-
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3p expression had higher residual rate after op-
eration, suggesting that miR-193a-3p was capable 
of repressing the growth and invasiveness of PAs 
and acted as a tumor suppressor. Furthermore, a 
higher recurrence risk was found in patients with 
low miR-193a-3p expression. For PRL adenomas, 
postoperative PRL levels early remission was a 
potential prognostic indicator and miR-193a-3p 
was a factor influencing early remission. To sum 
up, miR-193a-3p was a potential prognostic factor 
and therapeutic target of IPAs.
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