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Abstract: Acromegaly is a rare endocrine disorder caused by somatotroph pituitary adenoma. Besides
its typical symptoms, it contributes to the development of cardiovascular, metabolic, and bone
comorbidities. H19 RNA is a long non-coding RNA and it is suspected to be involved in tumorigenesis,
cancer progression, and metastasis. H19 RNA is a novel biomarker for the diagnosis and monitoring
of neoplasms. Moreover, there might be an association between H19 and cardiovascular and metabolic
diseases. We enrolled 32 acromegaly patients and 25 controls. We investigated whether whole blood
H19 RNA expression is associated with the diagnosis of acromegaly. Correlations between H19 and
tumour dimension, invasiveness, and biochemical and hormonal parameters were evaluated. We
analysed the coincidence of acromegaly comorbidities with H19 RNA expression. In the results, we
did not observe a statistically significant difference in H19 RNA expression between acromegaly
patients and the controls. There were no correlations between H19 and the adenoma size and
infiltration and patients’ biochemical and hormonal statuses. In the acromegaly group, hypertension,
goitre, and cholelithiasis were observed more frequently. The diagnosis of acromegaly was a factor
contributing to the occurrence of dyslipidaemia, goitre, and cholelithiasis. We found an association
between H19 and cholelithiasis in acromegaly patients. To conclude, H19 RNA expression is not
a relevant marker for diagnosis and monitoring of acromegaly patients. There is a higher risk of
hypertension, goitre, and cholelithiasis related to acromegaly. Cholelithiasis is associated with a
higher H19 RNA expression.
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1. Introduction

Acromegaly is a disease caused by excess production of growth hormone (GH), mainly
due to pituitary somatotroph adenoma [1]. Pituitary adenomas are benign tumours orig-
inating from adenohypophysis cells [2,3]. Regardless of the lack of malignant potential,
some of them can be locally invasive or have high cell proliferative activity [2], leading to
nonradical treatment or a higher risk of recurrence. Somatotroph adenomas are mainly
macroadenomas, defined as tumours exceeding 10 mm in the maximal dimension [4]. Due
to their size, some of them infiltrate adjacent structures, such as optic chiasm, sphenoid and
cavernous sinuses, and bone. The clinical manifestation of acromegaly results from GH and
insulin-like growth factor I (IGF-I) overproduction and tumour mass effect. Acromegaly
patients present facial and acral enlargement, joint pain, headaches, and bitemporal hemi-
anopsia. Systemic complications, including bone and joint, cardiovascular, respiratory,
and metabolic comorbidities, are the major problems affecting patient quality of life and
life expectancy [5–7]. Multidisciplinary care is recommended for effective management.
Furthermore, a delay in the diagnosis of acromegaly is a common problem due to the
variety of symptoms and rare prevalence of the disease [8]. Therefore, novel biomarkers
could be helpful tools in diagnosis and monitoring of acromegaly patients.
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Recently, there has been a wealth of research presenting hypotheses about the patho-
genesis of neoplasms’ origin and processes contributing to their progression. The search
for novel biomarkers that could be useful in early stage diagnosis, which could optimize
management and patient monitoring, is an important matter. Non-coding RNAs are a huge
part of the human genome and lack an open reading frame encoding a functional protein [9].
Long non-coding RNAs (lncRNAs) are nucleic acids over 200 nucleotides long. They have a
role in the regulation of transcription, translation, and epigenetic processes [10,11]. Among
them, H19 lncRNA is the earliest investigated and was first described by Pachnis et al.
in 1984 [12]. Human H19 is a 2.3-kb RNA molecule encoded by the H19 gene located on
chromosome 11p15.5 [13]. Initially, H19 RNA was reported to be related to embryogenesis,
with its high expression in the foetal heart, muscle, and liver. It is also downregulated
after birth [12,14]. Further investigations revealed its potential role in tumorigenesis. The
contribution of the different mechanisms of H19 to neoplasm origins and progression
has been investigated. The H19 gene is expressed only from the maternal allele in the
imprinting process [15]. The loss of imprinting and alterations in the methylation pattern of
promoter sequences were initially evaluated processes in colorectal, lung, and oesophageal
cancers [16,17]. Moreover, research revealed that H19 promotes cell migration, invasion,
and angiogenesis and inhibits apoptosis [18]. Further investigations determined the role
of H19 as an oncogene [19–22] or, on the contrary, as a tumour suppressor [23,24]. Up to
now, the association between H19 and different types of cancers has been revealed for,
i.e., breast [25,26], lung [17,22,27], oesophageal [28], colorectal [29,30], and bladder [31,32]
cancers. Due to the variable expression of H19 in different types of tumours, its role as
a tumour marker was speculated. Moreover, the downregulation of H19 expression in
postoperative patients was revealed in some types of cancers [32–34]; hence, the monitoring
function of H19 was revealed.

Evidence that H19 lncRNA contributes to tumorigenesis has been shown in many types
of malignancies. However, papers concerning H19 and pituitary tumours are limited. The
majority of previous studies has been performed on cell lines or animal models. Only one
research work has characterized the role of H19 in a large group of patients with pituitary
adenomas [35]. There is a lack of studies focused on patients diagnosed with acromegaly.

In some studies, the inhibitory role of H19 in pituitary adenomas has been sug-
gested [36]. The downregulation of H19 RNA in pituitary adenoma tissues compared with
the normal pituitary glands has been revealed [37]. H19 has been reported to suppress
tumour growth by inhibiting the phosphorylation of 4E-binding protein 1 (4E-BP1). More-
over, the expression of H19 in plasma exosomes of patients with pituitary adenomas was
significantly lower than in healthy controls [35]. Additionally, the suppressive influence of
H19 on tumour cell proliferation and the negative correlation between H19 and pituitary
tumour volume has been shown [35,37]. In recent studies, its synergistic effect with caber-
goline on inhibiting tumour growth has been demonstrated for prolactinomas [35,38]. To
the best of our knowledge, the interaction between H19 and somatostatin analogues has
not been explored.

H19 has also been determined to play a role in the pathogenesis of other diseases. This
has been shown for central nervous system disorders, such as epilepsy, Parkinson’s, and
Alzheimer’s diseases [36]. Additionally, H19s associations with osteoarthritis [39], osteo-
porosis [40], cardiovascular [41,42], and metabolic disorders [43,44] have been revealed.

lncH19 RNA presents itself as a novel biomarker of tumorigenesis, and since the
papers focusing on GH-secreting adenomas are limited, the aim of the present study was to
investigate whether lncH19 RNA expression could be useful in acromegaly patients. Addi-
tionally, we evaluated whether H19 expression depends on the clinical characteristics of the
patients, their treatment, tumour invasiveness, or prevalence of acromegaly comorbidities
to explore if H19 RNA could be applied in prognostics and monitoring of the status of the
disease and its complications.
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2. Materials and Methods

The study group consisted of 32 patients with acromegaly (24 women and 8 men; mean
age 51.97 ± 13.93 yrs). Twenty-five healthy patients were enrolled in the control group
(16 women and 9 men; mean age 41.08 ± 13.79 yrs). The inclusion criterion for the study
group was the diagnosis of acromegaly, either currently or in the past, defined as elevated
IGF-I levels and unsuppressed GH in OGTT, according to the current recommendations of
the Endocrine Society and Polish Society of Endocrinology [1,45]. The exclusion criteria
for the control group were pituitary tumours confirmed by MRI or the history of other
neoplasms. All the participants were recruited from the Department of Endocrinology,
Diabetes and Isotope Therapy, Wroclaw Medical University. The bioethics committee of
Wroclaw Medical University approved the protocol of the study (no. KB-36/2020). All
subjects signed informed consent forms following the Declaration of Helsinki.

Medical histories were taken from all the participants, including current and past
treatment and coexisting diseases. These data were used to categorize the patients into
subgroups of the acromegaly de novo, pharmacologically treated or successfully operated
patients. We recorded patients’ weight and height and calculated their body mass indexes
(BMI). Fasting venous blood samples were collected from all the participants. IGF-I levels
were expressed in relation to the upper limit of normal (ULN) for age (patient’s IGF-I
concentration divided by IGF-I upper reference range limit matched for age). A pituitary
MRI examination (1.5 Tesla) was performed on all the participants. MRI was not repeated
if it had been performed in the past 6 months. According to these results, we classified the
pituitary tumours as macro- (if at least one dimension was ≥10 mm) or microadenomas
and analysed their extrasellar expansion.

The GH, IGF-I, thyrotropic hormone (TSH), free thyroxine (fT4), prolactin (PRL), follicle-
stimulation hormone (FSH), luteinizing hormone (LSH), oestradiol (E2), total testosterone
(T), dehydroepiandrosterone sulphate (DHEAS), adrenocorticotropic hormone (ACTH), and
cortisol concentrations were assayed using a chemiluminescence immunoassay. Vitamin D
levels were also measured by chemiluminescence immunoassays. Serum calcium was assayed
using a colorimetric assay with a reference range of 8.4–10.2 mg/dL. Glucose levels were
measured using the hexokinase method. The total cholesterol was assayed using a routine
enzymatic method with oxidase, esterase, and peroxidase; low-density lipoprotein (LDL)
was estimated by the Friedewald Equation; high-density lipoprotein (HDL) was measured
by the direct assay precipitation method using a combination of polymer polyanions; and
triglycerides were assayed using a routine enzymatic method.

Five millilitres of whole blood samples from all the participants were collected in
PAXgene Blood RNA Tubes (Qiagen GmbH, Hilden, Germany) and stored at −70 ◦C until
further processing. The total RNA from collected samples was extracted according to the
protocol of PAXgene Blood miRNA (Qiagen GmbH, Hilden, Germany).

The concentration and quality of the purified RNA were evaluated by measuring the
absorbance at A260 and A280 nm in a NanoPhotometer Touch UV/VIS (Implen GmbH,
München, Germany). The recommended optimal and equal amount of total RNA was
reverse transcribed using a RT2 First Strand Kit (Qiagen GmbH, Hilden, Germany).

Two genes, GAPDH and ACTB, were used as the reference genes for the normalization
of lncH19 expression in the presence of XpressRef Universal Total RNA control (Qiagen
GmbH, Hilden, Germany).

Reactions as controls for cDNA contaminations, NTC (no template control) and NRT
(no reverse transcriptase control), were also prepared for all the experimental samples.

A quantitative real-time PCR reaction was performed by using a RT2 qPCR FAST
SYBR Green according to the protocol provided by the manufacturer (Qiagen GmbH,
Hilden, Germany).

Analyses of gene expression were performed on a Corbett Rotor-Gene Real-Time
cycler (Qiagen GmbH, Hilden, Germany). All experiments were run in duplicate. The Ct
(cycle threshold) was averaged for each sample. The relative gene expression of lncRNA
H19 was evaluated by using the 2-∆∆Ct method.
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Statistical analyses were performed using Statistica 13.3 (TIBCO Software, Inc., Palo
Alto, CA, USA). Variables were presented as means with standard deviations (SD) and
medians with interquartile ranges (IQR). A Shapiro–Wilk test was used to determine the
normality of the variables. A student’s t-test was applied when normality was indicated.
Mann–Whitney and Kruskal–Wallis tests were used for data not normally distributed.
Proportional differences were tested using Chi-square Pearson’s and Fisher’s exact tests.
Correlations were determined using Spearman’s rank correlation test. Logistic regression
was used to test if an interaction between acromegaly and age influenced the occurrence of
comorbidities. A robust nonparametric ANCOVA in R using the WRS2 package [46] was
used to analyse the association between age and acromegaly diagnosis with H19 expression.
p values of <0.05 were considered statistically significant.

3. Results

The general characteristics of the acromegaly patients and the controls are presented
in Table 1. The mean weight and median body mass index (BMI) were higher compared to
the control group (p = 0.018 and 0.001, respectively), whereas the mean height was lower in
the acromegaly group (p = 0.045).

Table 1. General characteristics of acromegaly patients and the control group.

Acromegaly (N = 32) Controls (N = 25)

Mean ± SD Median IQR Mean ± SD Median IQR p

Sex (F%/M%) 75/25 64/36 0.368

Age (years) 51.97 ± 13.93 48.00 43.00–64.50 41.08 ± 13.79 39.00 30.00–49.00 0.005

Height (cm) 165.11 ± 8.51 164.00 158.5–170.5 170.17 ± 9.05 168.00 164.00–180.00 0.045

Weight (kg) 84.43 ± 18.74 83.50 70.50–99.50 71.63 ± 18.36 69.00 57.00–82.00 0.018

BMI (m2/kg) 30.92 ± 6.42 31.05 26.37–35.27 24.55 ± 5.14 24.54 19.37–29.39 0.001

IGF-I (ng/mL) 275.31 ± 199.08 181.50 131.00–395.00 136.28 ± 54.29 138.00 93.70–153.00 0.004

IGF-I/ULN 1.12 ± 0.78 0.78 0.65–1.39 0.49 ± 0.16 0.50 ± 0.16 0.37–0.58 0.000

The study group included five patients with acromegaly de novo, fifteen patients
during treatment with somatostatin analogues (SSA), and a group of twelve successfully
operated patients. Twenty patients underwent one transsphenoidal surgery, three patients
were operated on twice, and one patient was operated on three times with this method. One
patient had transcranial reoperation. Radiotherapy was performed in four cases. Neither
surgery nor radiation of the pituitary gland region were performed in the control group.
Among patients who belonged to de novo or SSA-treated subgroups, eleven (55%) patients
had macroadenomas (mean maximal dimension 18.7 mm). In the acromegaly de novo
group, three of five patients had macroadenomas (mean maximal dimension 17.3 mm).
Extrasellar invasion was detected in eight patients (40%). Pituitary insufficiency was
diagnosed in fourteen acromegaly patients and six controls. The most frequent impairment
in the acromegaly group was secondary hypogonadism. All patients received adequate
substitution of hormones.

3.1. H19 Expression

There was no statistically significant difference in H19 expression between women and
men. A significant positive correlation between H19 expression and age was obtained in
the acromegaly group (p = 0.025; r = 0.396 for −∆∆Ct H19-BACT), which was not observed
for the controls. On account of the age difference between acromegaly and control groups,
a nonparametric ANCOVA in R with WRS2 package was used. We found no difference in
H19 expression between acromegaly patients and the control group (the interaction between
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age and the occurrence of acromegaly did not influence variables in H19 expression; the
results are illustrated in Table 2).

Table 2. H19 expression in acromegaly and control groups taking into account age (nonparametric
ANCOVA in R with the WRS2 package).

Age n1 n2 Difference SE Lower CI Limit Upper CI Limit Test Value p-Value

−∆∆Ct H19-BACT
37 18 18 0.00000 0.00030 −0.00080 0.00080 0.06 0.955
39 16 19 0.00010 0.00030 −0.00070 0.00090 0.30 0.764
45 19 14 −0.00010 0.00030 −0.00100 0.00090 0.23 0.819
47 19 13 0.00010 0.00030 −0.00100 0.00110 0.15 0.882
50 21 12 0.00010 0.00040 −0.00110 0.00130 0.32 0.756

−∆∆Ct
H19-GAPDH

37 18 18 0.00030 0.00030 −0.00050 0.00120 1.20 0.244
39 16 19 0.00040 0.00030 −0.00040 0.00120 1.42 0.175
45 19 14 0.00020 0.00030 −0.00080 0.00110 0.49 0.630
47 19 13 0.00020 0.00040 −0.00080 0.00120 0.55 0.589
50 21 12 0.00000 0.00040 −0.00100 0.00110 0.06 0.950

We found no difference in H19 expression between acromegaly patients and the con-
trol group (Table S1). Additionally, H19 expression did not correspond with the hormonal
statuses of the patients. No significant correlations between H19 and GH, IGF-I, or IGF-I
x ULN concentrations or other hormones levels were obtained. We did not observe a
variable expression of H19 between the groups of patients without operation or radio-
therapy, successfully cured patients, and the controls (Table S2). We also did not observe
statistically significant differences in the expression of H19 between successfully treated
patients compared to unoperated patients or patients with ineffective surgery, as well as in
comparison to the control group (Table S3).

Patients with active acromegaly (de novo or uncontrolled during SSA therapy) did
not vary in H19 expression from radically operated or controlled subjects (Table S4). Addi-
tionally, SSA-treated patients did not differ in H19 expression between de novo patients
and the controls (Table S5). Patients treated with radiotherapy did not present variable H19
expression from de novo patients and the control group (Table S6).

We found no correlation between maximal tumour dimension and H19 expression.
The H19 expression was not associated with extrasellar invasion. No variations in H19 ex-
pression were observed between patients with pituitary insufficiency among all participants
nor between acromegaly and control groups.

No significant correlations were found between H19 expression and biochemical
results (glucose, total cholesterol, HDL, LDL, triglycerides, calcium, and vitamin D) in
acromegaly patients.

3.2. Comorbidities

The occurrence of comorbidities is presented in Table 3. Goitre, dyslipidaemia, and
hypertension were the most frequent comorbid diseases in the acromegaly group. They
were observed in at least half of the group. Acromegaly patients suffered from hypertension,
goitre, and cholelithiasis more frequently compared to the control group. The difference for
dyslipidaemia was on the verge of statistical significance.

We analysed which factor—a diagnosis of acromegaly or age—contributed to those
variables. According to the logistic regression, we found that age, not acromegaly, was
a significant predictor for the occurrence of hypertension (p = 0.000; OR = 1.152; 95%CI
1.063–1.200; R2 = 0.556). For dyslipidaemia, we found that acromegaly was a significant
predictor (p = 0.024; OR = 89.738; 95%CI 1.102–7307.195; R2 = 0.203), independent from age.
A similar result was achieved for goitre (p = 0.027; OR = 2328.933; 95%CI 2.366–2,292,682.85;
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R2 = 0.458). Cholelithiasis was observed only in acromegaly patients. Age was not associ-
ated with the prevalence of this complication (p = 0.880).

Table 3. Comorbidities in acromegaly and the controls.

Acromegaly (N/%) Controls (N/%) p

Hypertension 16 (50.0) 5 (20.0) 0.020
Dyslipidemia 21 (65.6) 10 (40.0) 0.054

Diabetes 9 (28.1) 2 (8.0) 0.090
Prediabetes 8 (25.0) 1 (4.0) 0.063

Goiter 21 (65.6) 3 (12.0) 0.000
Nephrolithiasis 3 (9.4) 0 0.248
Cholelithiasis 12 (37.5) 0 0.001
Colon polyps 3 (9.4) 0 0.248
Osteoporosis 2 (6.25) 1 (4.0) 1.000

Pituitary insufficiency 14 (43.75) 6 (24.0) 0.121

Patients with cholelithiasis had higher H19 expressions compared to patients without
cholelithiasis and the controls. This result was on the verge of statistical significance in
the Kruskal–Wallis test (p = 0.039) and in post hoc tests (acromegaly with cholelithiasis vs.
acromegaly without cholelithiasis p = 0.068; acromegaly with cholelithiasis vs. controls:
p = 0.058). We did not observe any significant variation in H19 expression depending on
the occurrence of hypertension, dyslipidaemia, diabetes, prediabetes, osteoporosis, goitre,
nephrolithiasis, or colon polyps.

4. Discussion

In our research, we did not find a significant variation in H19 expression between
patients with somatotroph adenomas and healthy controls. Our results do not correspond
with previous studies, where the inhibitory role of H19 in pituitary adenomas was sug-
gested [35]. An analysis of H19 expression in peripheral whole blood, not pituitary gland
tissues or plasma exosomes, might affect the results of our experiment. The majority of pre-
vious studies analysed the tissue expression of H19. Upregulated tissue-specific expression
of H19 was found in, e.g., breast [26], colorectal [29], and oesophageal [28] cancers. On the
contrary, in one of the studies, the diagnostic value of tissue H19 was not presented for
breast cancer [47]. For pituitary glands, Wu et al. revealed the downregulation of H19 in
tissue samples of pituitary tumours compared to non-neoplastic gland specimens [37]. The
plasma expression of H19 was significantly higher, and hence was presented as a useful
marker in non-small cell lung [27] and gastric [48] cancers. Additionally, peripheral blood
H19 was presented as a useful diagnostic tool in sepsis [49], myocardial infarction [42],
osteoarthritis [39], and epilepsy [50]. Exosomal H19 expression has been proven as a marker
of breast and bladder cancers [32,34]. Regarding pituitary tumours, Zhang et al. proved
a reduced H19 expression in exosomes derived from the blood of patients with all types
of pituitary adenomas [35]. For breast cancer, both tumour tissue and plasma H19 expres-
sions were increased compared to healthy controls [33]. Additionally, in diabetes mellitus
patients, there was no significant difference between serum and exosomal expression of
H19 [51]. There is a lack of studies comparing tissue or exosomal H19 expression with the
whole blood on the subject of pituitary adenomas.

We did not find any association between H19 and maximal tumour dimension. In
contrast to the above reports, a significantly higher H19 expression was reported in invasive
GH tumour samples in comparison to non-invasive ones [52]. However, in our study, we
did not observe any differences in H19 expression between patients with invasive and
non-invasive adenomas. We also did not observe a distinction in H19 expression between
patients de novo and pharmacologically treated. The impacts of dopamine agonists have
been evaluated in previous papers [35,38] and there is no information concerning somato-
statin analogues to compare. In our study, we did not observe a variation in H19 expression
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between the patients after surgery or radiotherapy and the untreated group. To the best of
our knowledge, there are no research works analyzing H19 expression in terms of surgical
or radiation treatment of pituitary adenoma patients.

Moreover, the lack of a difference in H19 expression between women and men agrees
with previous studies [27,39]. We observed a positive correlation between H19 expression
and age in acromegaly patients, which is in contrast to some studies that presented no
correlation between H19 expression and age [27,53].

Acromegaly patients are at a high risk of cardiovascular diseases, metabolic disorders,
and endocrine comorbidities [6]. Excesses of GH and IGF-I lead to remodelling of tissues
and organs, including the heart and vessels; increases in lipolysis and insulin resistance;
disruption of bone turnover; and predisposition of the patient to thyroid enlargement and
colon polyps [54]. The distribution of comorbidities in acromegaly patients detected in this
research is similar to the results that we presented in our previous observational study [55].
Dyslipidaemia, goitre, and hypertension were the complications with the highest frequency.
Hypertension and dyslipidaemia are also diseases of affluence, with a high prevalence in
the general population. However, we revealed that acromegaly was an independent factor
contributing to the occurrence of dyslipidaemia and high triglycerides level. No statistical
correlation was found between lipid profile and H19. Similar results were presented by
Safaei et al. [42]. The occurrence of acromegaly was not a prognostic factor for hypertension,
diabetes, or prediabetes, whereas those complications were also frequent in the group of
acromegaly. High occurrences of hypertension and metabolic disorders enhance the risk
of cardiovascular events. The occurrence of goitre was significantly higher in the study
group compared to the controls, and the diagnosis of acromegaly was an independent
factor influencing this result. The extremely high OR and an upper limit of 95% confidence
could be the result of a small sample size. In the literature, a higher predisposition to goitre,
autonomous function, and even thyroid cancer was described [54,56]. Additionally, we
observed a higher incidence of cholelithiasis in acromegaly patients. Acromegaly by itself
predisposes the patient to this complication, but treatment with somatostatin analogues
may enhance the risk [57,58]. Moreover, patients with the co-occurrence of cholelithiasis
had higher H19 expressions in comparison to patients without cholelithiasis and the
controls. In the literature, there is a lack of information about the association between H19
and cholelithiasis, so this result is a novel finding. Fawzy et al. found an increased H19
expression in the serum of patients with type 2 diabetes [44], whereas contrasting results
and a decreased H19 expression were reported by Alfaifi et al. [43]. In our report, we did
not observe significant differences in H19 expressions between diabetic and non-diabetic
patients. Furthermore, some contrasting results were reported for the H19 expression in
postmenopausal osteoporosis patients. In Xiaoling et al.’s research, a significant decrease
in H19 was shown [59], whereas Li et al. found significantly a higher expression in this
group [60]. We did not obtain a different H19 expression in patients who suffered from
osteoporosis. Overexpression of H19 in colorectal cancer has also been reported [61,62]. In
our patient group, only benign colon polyps were observed. Patients with colon polyps
did not present different H19 expressions.

5. Conclusions

To the best of our knowledge, this is the first study focusing on whole blood lncH19
RNA expression in acromegaly patients. According to the obtained results, the whole blood
expression of H19 is not a relevant diagnostic or monitoring marker for acromegaly. H19 is
an intriguing biomarker for malignancies; however, we did not find advantages for its use
for patients with benign pituitary tumours. Due to the small sizes of the groups, especially
of de novo patients, which is a limitation of our study, these are preliminary results, and
further investigations should be continued with larger groups. Additionally, association
between tissue-specific and circulating H19 expression is a subject that should be explored.
Acromegaly patients are at a higher risk of comorbid diseases, especially hypertension,
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dyslipidaemia, and goitre. For the first time, an association between cholelithiasis and H19
expression in acromegaly was revealed.
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between patients unoperated/ineffectively operated (1), successfully operated (2) and the controls (3);
Kruskal-Wallis test; Table S4: Difference in H19 expression between patients with active acromegaly
(1), controlled or cured acromegaly (2) and the control group (3); Kruskal-Wallis test; Table S5: Dif-
ference in H19 expression between patients de novo (1), SSA treated (2) and the control group (3);
Kruskal-Wallis test; Table S6: Difference in H19 expression between patients de novo (1), treated with
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M. Complications and Comorbidities of Acromegaly—Retrospective Study in Polish Center. Front. Endocrinol. 2021, 12, 642131.
[CrossRef]

56. Tirosh, A.; Shimon, I. Complications of Acromegaly: Thyroid and Colon. Pituitary 2017, 20, 70–75. [CrossRef]
57. Montini, M.; Gianola, D.; Pagani, M.D.; Pedroncelli, A.; Caldara, R.; Gherardi, F.; Bonelli, M.; Lancranjan, I.; Pagani, G.

Cholelithiasis and Acromegaly: Therapeutic Strategies. Clin. Endocrinol. 1994, 40, 401–406. [CrossRef]
58. Attanasio, R.; Mainolfi, A.; Grimaldi, F.; Cozzi, R.; Montini, M.; Carzaniga, C.; Grottoli, S.; Cortesi, L.; Albizzi, M.; Testa, R.M.;

et al. Somatostatin Analogs and Gallstones: A Retrospective Survey on a Large Series of Acromegalic Patients. J. Endocrinol.
Investig. 2008, 31, 704–710. [CrossRef]

59. Gan, X.; Liu, S.; Liang, K. MicroRNA-19b-3p Promotes Cell Proliferation and Osteogenic Differentiation of BMSCs by Interacting
with LncRNA H19. BMC Med. Genet. 2020, 21, 11. [CrossRef]

60. Li, Z.; Hong, Z.; Zheng, Y.; Dong, Y.; He, W.; Yuan, Y.; Guo, J. An Emerging Potential Therapeutic Target for Osteoporosis:
LncRNA H19/MiR-29a-3p Axis. Eur. J. Histochem. 2020, 64, 3155. [CrossRef]

61. Zhang, Y.; Huang, W.; Yuan, Y.; Li, J.; Wu, J.; Yu, J.; He, Y.; Wei, Z.; Zhang, C. Long Non-Coding RNA H19 Promotes Colorectal
Cancer Metastasis via Binding to HnRNPA2B1. J. Exp. Clin. Cancer Res. 2020, 39, 141. [CrossRef] [PubMed]

62. Ding, D.; Li, C.; Zhao, T.; Li, D.; Yang, L.; Zhang, B. LncRNA H19/MiR-29b-3p/PGRN Axis Promoted Epithelial-Mesenchymal
Transition of Colorectal Cancer Cells by Acting on Wnt Signaling. Mol. Cells 2018, 41, 423. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.18502/ijph.v49i8.3893
https://doi.org/10.1186/s10020-021-00386-0
https://doi.org/10.1186/s13578-021-00668-4
https://www.ncbi.nlm.nih.gov/pubmed/34344446
https://doi.org/10.22088/IJMCM.BUMS.9.2.122
https://www.ncbi.nlm.nih.gov/pubmed/32934949
https://doi.org/10.2147/DMSO.S273586
https://www.ncbi.nlm.nih.gov/pubmed/33116722
https://doi.org/10.17305/bjbms.2019.4533
https://doi.org/10.5603/EP.a2018.0093
https://doi.org/10.3758/s13428-019-01246-w
https://doi.org/10.1210/jcem.81.4.8636375
https://doi.org/10.3389/fmolb.2019.00113
https://doi.org/10.1016/j.ncrna.2020.03.001
https://doi.org/10.1016/j.ijdevneu.2018.03.009
https://doi.org/10.1210/er.2002-0022
https://doi.org/10.3389/fendo.2021.642131
https://doi.org/10.1007/s11102-016-0744-z
https://doi.org/10.1111/j.1365-2265.1994.tb03938.x
https://doi.org/10.1007/BF03346419
https://doi.org/10.1186/s12881-020-0948-y
https://doi.org/10.4081/ejh.2020.3155
https://doi.org/10.1186/s13046-020-01619-6
https://www.ncbi.nlm.nih.gov/pubmed/32698890
https://doi.org/10.14348/MOLCELLS.2018.2258
https://www.ncbi.nlm.nih.gov/pubmed/29754471

	Introduction 
	Materials and Methods 
	Results 
	H19 Expression 
	Comorbidities 

	Discussion 
	Conclusions 
	References

