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Abstract

Background: Pituitary adenomas can become invasive and aggressive, and in turn produce tumor
recurrence. Endocan or endothelial cell specific molecule-1 (ESM1) has been associated with
angiogenesis and tumor growth in gliomas, and lung, kidney, liver among other cancers, but there is a
scarcity of information regarding its role in pituitary adenomas. In the search for biomarkers of tumor
behavior our objective was to determine the relationship between endocan (ESM17) mRNA expression and
cavernous sinus invasion, and its association with gene expression of VEGF, FGF2 and PDGF angiogenic
factors in human pituitary adenomas.

Methods: ESM 17, VEGF, FGF2 and PDGF expression was determined by qRT-PCR in 28 pituitary tumor
samples and tumor invasion was determined by the Knosp grade classification. Results were associated
with clinical data.

Results: We found that ESM7 was expressed in 75% of the tumors. FGF2 expression was higher in ESM7-
positive compared to ESM7-negative tumors, and a significant negative correlation in the expression

of FGF2and PDGF was found. Although ESM7 expression did not show any differences in invasive and
non-invasive tumors, a positive correlation between ESM7 and Knosp grade was reached when grade 0-3
tumors were considered, suggesting its participation in the initial periods of tumor invasion. Finally, no
difference in ESM1 expression was found between functioning and non-functioning adenomas, or
patients age.

Conclusions: Our study points to a precise pattern of angiogenic factor expression in pituitary tumors,
and its relation to invasive behavior, which should be considered in the tailoring of drug treatments for
aggressive and resistant pituitary adenomas.

Introduction

Even if pituitary adenomas can become aggressive, recur after surgery and be locally invasive, they are
not considered malignant tumors because less than 0.2% of them produce metastasis (1, 2).
Nevertheless, cavernous sinus invasion limits neurosurgical procedures usually making complete tumor
resection impossible (3). In turn, parasellar extension, determined by pre-operative magnetic resonance
image (MRI) analysis, is a cause of high recurrence after surgery.

Therefore, the search for aggressive behavior biomarkers remains a matter of key importance in the
pituitary tumor field. In this context, angiogenic factors are candidate markers of invasion and
aggressiveness. In our laboratory and others a marked correlation between angiogenic factors, their
receptors and pituitary tumor invasiveness has been demonstrated (4, 5).

Vascular endothelial growth factor, VEGF, is the most potent cytokine that promotes angiogenesis and
metastasis in several tumors (6—8). However, in the pituitary, as in other tumors, a concerted balance of
angiogenic and antiangiogenic mediators regulates tumor behavior and needs to be deciphered (9).
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Endocan, the endothelial cell specific molecule-1 (ESM-1), was demonstrated to be associated with
angiogenesis and tumor growth in lung, kidney and liver among other cancers (10-12). Moreover,
endocan expression was correlated with high grade gliomas (13, 14). It has been proposed as a
neovascularization marker, being stimulated by two other important angiogenic factors VEGF and
fibroblast growth factor (FGF2) (10, 13), and, importantly, it is involved in the switch from dormant to fast
growing and angiogenic tumors (15).

In pituitary tumors the role of endocan and its relation to other angiogenic markers has not been
extensively approached. Two immunohistochemical studies associated endothelial cell expression of
endocan with aggressive pituitary adenoma behavior (16, 17). But some controversies arose between
both reports in relation to clinical data and endocan expression (18). Moreover, no associations between
endocan and angiogenic markers beyond VEGF, were evaluated in human pituitary tumor specimens.

In this context, we investigated intratumoral ESMT7 mRNA expression in 28 human pituitary tumor
samples obtained after surgery. Endocan expression was analyzed in relation to clinical parameters
(pituitary hormone production, sex, age and image data) and also to the expression of the angiogenic
markers VEGF, FGF2 and platelet-derived growth factor (PDGF). PDGF is a growth factor that regulates
cell growth and division, and plays a significant role in blood vessel formation, and the growth of blood
vessels from already-existing ones in different cell types, with little information in pituitary adenoma
development (19, 20). We also wished to unravel the relationship between endocan and cavernous sinus
invasion which, as mentioned, limits the efficacy of neurosurgery. Sinus invasion was determined by
Knosp grade classification, and only Knosp grade 3 and 4 determine invasive pituitary tumors (21).
Furthermore, we analysed the correlation of endocan and angiogenic related factors in order to unravel an
angiogenic signature related to tumor invasion in pituitary tumors.

This work provides new data in the context of recent therapies which envisage anti-angiogenesis
treatment in aggressive pituitary tumors (22, 23).

Materials And Methods
Patients

Tissue samples from 28 patients diagnosed with pituitary adenomas were obtained from neurosurgeries
conducted at Xuanwu Hospital, Beijing, China and from the neurosurgery division of FLENI Institute,
Buenos Aires, Argentina. Patients were, at the time of the surgery between 27 and 78 years old (mean +
SD =51.3+13.0 years), and 12 were women and 17 were men Adenoma samples were previously
classified according to clinical criteria and WHO classification into functioning tumors:
somatotropinomas, corticotropinomas, and mixed adenomas secreting prolactinomas and growth
hormone, or in non-functioning adenomas when no hormone secretion was detected (24). Twenty two
non-functioning, 3 mixed, 2 somatotropinomas and 1 corticotropinomas were anaylsed.
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MRI coronal scanning was used to assess cavernous sinus invasion of the 28 patients who underwent
surgery. The extension of invasion was determined with Knosp grade classification by the intercarotid line
system as described (2, 21). Five grades are used to represent the extent of tumor invasion from grade 0
to 4. According to the Knosp MRI grading system, grades 3—4 were considered to be invasive whereas
grades 0—-2 were considered non-invasive. In the analysed samples Knosp grades ranged from 0 to 4; and
4 tumors were recurrent.

For subsequent mRNA expression analysis after surgery, samples were kept in RNAlater solution (Life
Technologies).

Ethics approval and consent to participate

The project and informed consent document were approved by the respective Institutional Ethical
Committees from Xuanwu Hospital, Beijing, China (#2019-03), and from the neurosurgery division of
FLENI Institute, Buenos Aires, Argentina (#04-2918) and every patient was informed about the procedures
of the project and approved and signed the respective informed consent for participation in this study.
Patient privacy was always preserved.

RNA extraction and cDNA synthesis.

Total RNA from pituitary tumors samples was extracted as described previously (25, 26) by TRI reagent
(Molecular Research Center, Inc) method. The RNA concentration was determined on the basis of
absorbance at 260 nM, only samples with a ratio of absorbance of 260/280 nm ~ 2.0 was considered
appropriate, and RNA integrity was evaluated by agarose gel electrophoresis. One pg of RNA was
reversed transcribed in 20 pL volume in the presence of 3 mM MgCl,, 50 mM Tris-HCI (pH 8.3), 75 mM
KCI, 1 mM deoxy-NTPs, 0.01 mM DTT, 1 pM oligo(dT)45 primer (Biodynamics, Buenos Aires, Argentina),
and 10 U of MMLYV reverse transcriptase (Invitrogen, CA, USA). Negative controls were prepared by
omitting the reverse transcriptase or mRNA.

Real time PCR

Quantitative PCR was performed as previously described in (27). Sense and antisense oligonucleotide
primers were designed with PrimerBlast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) software.
Primer sequences were: ESM1 Sense 5" ACCTTCGGGATGGATTGCAG 3" and Antisense 5°
GATGCCATGTCATGCTCCGT 3’; VEGF Sense 5" CTCCTCCACCATGCCAAGT 3" and Antisense 5°
GCAGTAGCTGCGCGCTGATAGA 3"; FGF2 Sense 5 CCTGGCTATGAAGGAAGATGG 3" and Antisense 5°
TCGTTTCAGTGCCACATACC 3"; PDGF Sense 5" TGCCTCTCCGCACTCACT 3" and Antisense 5°
AGAACATGGGCGAGGTATCC 3"; and GAPDH Sense 5" TGATGACATCAAGAAGGTGGTGAA 3" and
Antisense 5" TCCTTGGAGGCCATGTAGGCCAT 3. Oligonucleotides were purchased from Biodynamics
SRL.

Quantitative PCR was prepared using 3uL 5X HOT FIREPOL EvaGreen qPCR Mix plus (Solis Biodyne)
75 ng cDNA and 0.5 pM primers in a final volume of 15 pL. After denaturation at 95 C during 15 min, the
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cDNA products were amplified with 40 cycles, 20 s at 95 °C, 60 s at 55,5-62 °C (depending on the gene)
and 40 s at 72 °C. Quantitative PCR progression was monitored by the LineGene9600 (Bioer, Binjiang,
China). Dissociation curves served as DNA quality validation as described in (27). GAPDH expression was
used as intern control.

Statistical analysis

The analysis was performed with GraphPad Prism 5. Data were evaluated using non-parametric tests
after Shapiro-Wilk test defined that the distribution of data was not normal. Mann-Whitney U test (when
two groups of data were compared) and Kruskall-Wallis analysis of variance (when comparing more than
two groups) were used to evaluate the significance of mRNA expression and Knosp grade associations.
Correlation between angiogenic factors with Knosp grade or the age of patients were determined by
Spearman correlation test. In all cases, a p value <0.05 was considered statistically significant.

Results
Endocan is expressed at variable levels in pituitary tumors

Endocan, an angiogenic marker proposed to be associated with tumor development and progression was
analyzed in the pituitary tumors of our cohort. We found that 21 of 28 tumors expressed ESM7, and its
MRNA expression levels in the analyzed tumors, were variable. Surprisingly, in some tumor samples no
expression of this gene was detected (ND) (Fig. 1).

FGF2 but not VEGF is overexpressed in ESM1-positive pituitary tumors

As stated above, 25% of the samples did not express ESM17 (Fig. 1). Therefore, samples were grouped in
ESM1-positive and ESMTnegative tumors, and the mRNA levels of the angiogenic biomarkers VEGF,
FGF2 and PDGF were evaluated in both groups.

Interestingly, FGF2 mRNA levels were higher in ESM7-positive compared to ESM7-negative tumors
(Fig. 2B; p=0.0415). Conversely, no differences were found between both groups for VEGF (Fig. 2A, NS)
or PDGF expression (Fig. 2C, NS).

Correlation between FGF2 and PDGF

Because an opposite trend of expression was observed in PDGF compared to FGF2 (Figs. 2B and C), we
evaluated FGF2 and PDGF correlation in pituitary tumors and found a marked significant negative
correlation in the expression of these genes, which may be an indication that both genes are oppositely
regulated in pituitary tumors (Fig. 2D; r=0.63 and p = 0.0049). ESM1 expression did not correlate with the
rest of the angiogenic factors (not shown).

Correlation analysis between ESM1 expression in pituitary tumors and Knosp grade
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We classified tumors according to their cavernous sinus invasion in the five grades defined by Knosp
grading system. This classification system divides tumors in 0—4 grade under the criteria of tumor
passing or not the intercarotid line which is a line drawn between the centers of the intra and supra
cavernous sinus carotid arteries. It considers grades 0—2 as non-invasive tumors, and grades 3—-4 as
invasive tumors (examples in Fig. 3A-B). ESMT mRNA expression distribution did not show any
significant differences in relation to the 0—-4 Knosp grade (Fig. 4A). Moreover, no differences in ESM7
MRNA expression were observed when tumor samples were grouped into invasive or not invasive

(Fig. 4B). However, a positive correlation between ESM7 and Knosp invasion grade was almost significant
(Fig. 4C, p =0.0526) when the Knosp 4 highest invasive tumors were separated from the cohort. Finally,
no differences were observed in ESM7 expression when comparing functioning to non-functioning
pituitary tumor samples (Fig. 4D). Moreover, ESM1 expression was not conditioned by the sex of patients
or associated with the age at which patients underwent surgery (Supplementary Fig. 1).

Discussion

Angiogenic markers have been associated with tumor growth and invasiveness in almost every type of
cancer and their study provides useful insights of their role in determining tumor behavior. Among these
angiogenic and growth factors, the vascular endothelial growth factor (VEGF) is the most important
usually studied in oncological malignances, as well as in pituitary tumors (28-30).

It has been demonstrated that VEGF regulates the synthesis and secretion of the endothelial cell-specific
molecule-1, endocan or ESM1 (13). Endocan is a secreted proteoglycan considered a biomarker of both
neovascularization and tumor progression in hepatocarcinoma and renal carcinoma among other
cancers (11, 31). Furthermore, not only the pro-angiogenic molecule VEGF but also FGF2 modulate
endocan expression (32). Importantly, the dermatan chain of endocan can bind to different growth
factors and enhance their biological activity (33), positioning this molecule as an important player in the
complex network which regulates angiogenesis and proliferation.

In this context, we evaluated ESMT mRNA expression in human pituitary tumors and its relation to sinus
invasion and angiogenic markers. We determined that not all tumors analyzed expressed this gene, but
interestingly, in ESM1-positive samples FGF2 mRNA levels were significantly augmented, suggesting an
association of these two angiogenic factors in the tumoral pituitary, as previously described in
mesotheliomas (32).

There is growing evidence that under VEGF and FGF2 influence, endocan may promote pituitary tumor
cell proliferation as well as endothelial cell growth. Indeed, silencing the endocan gene, Esm7, in GH3 and
MMAQ prolactin secreting cells downregulated FGF2 and VEGFR2 among other angiogenic proteins
causing reduced cell viability (34). Moreover, the knockdown of Esm7 in HUVEC endothelial cells inhibited
tube formation and increased sensitivity to the anti-angiogenic Avastin treatment in vitro, indicating
endocan could be a molecular target for pituitary adenoma treatment (34). Additionally, in human
pituitary adenoma cells in vitro, silencing FGFZ2 inhibited cell proliferation and invasion capacity (35).
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Taken together the present and other results point to endocan and FGF2 as potential biomarkers of
pituitary tumor progression.

Opposed to the higher FGF2 levels found in ESMT1 +samples, PDGF mRNA levels were slightly lower in
endocan expressing tumors of our cohort, yielding a strong negative correlation between FGF2 and PDGF
expression. There is a scarcity of information on the role of PDGF in the pituitary, and little evidence of
PDGF involvement on pituitary adenoma progression. Some studies detected mRNA expression of PDGF
and its receptor in human pituitary tissue (36), as well as in the murine folliculo-stellate pituitary cell line
TtT/GF cells. In this cell line, PDGF increased VEGF secretion via PDFG receptor (19). Our data show an
inverse expression of FGF2 and PDGF, which may probably reflect a complex but precise balance of the
four angiogenic factors in pituitary tumorigenesis. No previous data in the literature analyzed the relation
between endocan and VEGF, FGF2 or PDGF angiogenic factors, and FGF2 and PDGF expression levels
were not compared before in pituitary tumor samples. This pattern, showing positive correlation of
endocan and FGF2 and inverse correlation of FGF2 and PDGF expression in the pituitary tumor context
could be related to the peculiarities that the angiogenic process has in these tumors, as we and other
authors already demonstrated (5, 37, 38). It may be associated to the low grade of malignancy of these
tumors in which not all angiogenic factors are simultaneously upregulated.

In turn, endocan association with pituitary tumor invasiveness evidences inconsistencies in the literature.
Determined by immunohistochemistry, some authors found that endocan expression in tumor cells but
not in endothelial cells, correlated with tumor grade invasion (18). Instead, in another study only
endothelial endocan expression correlated with tumor size and recurrence, both signs of aggressiveness,
and no correlation with invasion was found (17). Similarly, no relation of endocan and cavernous sinus
invasion or resistance to treatment with first-generation somatostatin analogues was found in
acromegaly patients (39), though endocan may participate in the resistance of prolactinomas to
dopamine therapy (34).

It is worth mentioning, that we evaluated by qRT-PCR the mRNA expression levels of endocan, which
identifies the intratumoral ESMT gene being transcribed. Many reports correlate high ESM7 mRNA levels
with poor prognosis and also with metastasis in different cancers such as breast, colon, renal, bladder
and others (40-42), but no studies correlating mRNA and aggressiveness in pituitary adenomas have
been performed. When we classified tumors by the Knosp grade system (0—4 grade), a correlation
between ESM17 and tumor invasion was observed when invasion was considered in the first stages of
tumor development, from 0 to 3 Knosp grade in the pituitary tumor cohort (r=0.464 and p=0.0526). We
do not discard an effect of the small number of invasive tumors in the cohort or heterogeneity within the
tumors. Even so, it is probable that ESM7 (probably by its orchestrated relation with VEGF, FGF2 and
PDGF) could be implicated in the angiogenic and proliferative process within these tumors in the first
period of invasion (eg. passing through 2 to 3 Knosp grade) and endocan would not increase further in
the truly invasive phase of pituitary adenomas (Knosp grade 4). Interestingly, Almong et al. described
endocan was markedly expressed in concordance with the switch between dormant to fast growing
phenotype in experimental angiogenic tumors (15). Moreover, the enhanced FGF2 expression we found in
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ESM1 positive tumors could be supporting the fast-growing state in these tumors as FGF2 has been
linked to invasion in cancer and in pituitary adenomas as well (35, 43).

Antiangiogenic therapy has been used to treat aggressive pituitary tumors in humans (22, 23), and many
studies were performed in experimental models, mainly with anti-VEGF therapies (5, 44, 45). The study of
the expression and action of different angiogenic biomarkers such as endocan, FGF2 and PDGF, together
with VEGF, will contribute in designing targeted treatment of aggressive and resistant pituitary tumors.
Importantly, many compensatory mechanisms in tumors may uncover when VEGF pathway is being
blocked (46). Treatment of patients with aggressive tumors is therefore challenging since conventional
pharmacological agents often fail. Moreover, invasion into the cavernous sinus is frequently cause of
incomplete resection, which in turn results in higher recurrence rate and therefore, determining biomarkers
of invasion is paramount.

Conclusions

We describe a peculiar relationship among the angiogenic markers endocan, VEGF, FGF2 and PDGF in
pituitary tumors. Moreover, ESMT mRNA levels correlated with tumor invasiveness when grade 0-3
tumors were considered; suggesting angiogenesis and tumor progression mediated by endocan (probably
together with VEGF, FGF2 and decreased PDGF) may participate in the first steps of pituitary tumor
invasiveness. Our data position these molecules as possible future targets in pituitary adenoma
treatment.
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VEGFR2: Vascular endotelial growth factor receptor 2
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Figure 2

ESM1-positive pituitary tumors have higher expression levels of FGF2. mRNA expression of VEGF (A),
FGF2 (B) and PDGF (C) genes determined by qRT-PCR in ESM1-positive (E+) and ESM1-negative (E-)
pituitary tumors. Gene levels are normalized to the housekeeping gene GADPH. A) N=18,7 and p=0.084;
B) N=20;6 and p = 0.041. C) N=12;6 and p = 0.174. D) Relation between mRNA levels of FGF2 and PDGF
was determined, N=18. FGF2 and PDGF correlate negatively. The Spearman coefficient of correlation and
p value are shown in the graph (r = 0.63, p = 0.0049).
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