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LETTER TO EDITOR
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Overexpression of miR-483-5p is confined to metastases and
linked to high circulating levels in patients with metastatic
pheochromocytoma/paraganglioma

Dear Editor,

Pheochromocytomas/paragangliomas  (PPGL) are
tumors of the adrenal medulla and paraganglia. Cur-
rently, there is no means to distinguish metastatic from
non-metastatic PPGL based on histopathological criteria.
Consequently, patients at risk of progression require a
long-term follow-up. Here, by conducting complementary
analyses of large collections of primary tumors, metastatic
tissues, and liquid biopsies, we uncovered that miR-483-5p
is overexpressed in metastatic tissues compared to primary
tumors, whereas the highest levels were detected in the
serum of metastatic patients. Further integrative genomic
analyses suggest that miR-483-5p might be involved in
metastasis-related regulatory networks. These findings
pinpoint circulating miR-483-5p levels as a promising
noninvasive biomarker for the presence of metastasis,
which could be useful for guiding patient surveillance.

Although large tumor size, extra-adrenal location, and
germline Succinate Dehydrogenase Complex, Subunit
B (SDHB) mutations are established risk factors for
metastatic PPGL (mPPGL), there is a lack of tumor molec-
ular biomarkers.! In a recent study, we identified a six-
miRNA prognostic signature (miR-21-3p, miR-183-5p, miR-
96-5p, miR-182-5p, miR-551b-3p, and miR-202-5p) in pri-
mary tumors, and we detected high levels of four of these
miRNAs in the circulation of metastatic patients.” To
extend the analysis of informative miRNAs, here we evalu-
ated miR-483-5p and miR-210-3p that have been suggested
as biomarkers of mPPGL*° and many other tumor types.
To this end, the expression of these two miRNAs was inter-
rogated in the largest series of miRNome tumor data (n
= 443, n = 7 metastases) published so far (as detailed
elsewhere?), and validated by Quantitative Reverse Tran-
scription PCR (RT-qPCR) in an independent series of
tumor tissues (n =107, n = 24 metastases) (Table S1). Circu-
lating levels were assessed in serum from 26 patients and 10
healthy controls using TagMan assays and droplet digital

polymerase chain reaction (PCR). Additional integrative
miRNA-483-5p-transcriptome analyses were performed to
identify gene sets enriched upon miRNA deregulation and
its potential targets.

The expression of miR-210-3p was higher in metastatic
than in non-metastatic primary tumors in the published
series. However, this result was not reproduced in the
validation series (Figure S1) nor in the circulation of
metastatic patients, indicating that miR-210-3p is not infor-
mative for discriminating metastatic from non-metastatic
PPGL. Regarding miR-483-5p, we found that its expres-
sion did not exhibit significant differences between non-
metastatic and metastatic primary tumors (Figure 1A).
However, significant overexpression of miR-483-5p was
readily detected in metastatic tissues compared to primary
tumors in both, published (P = 2.0x10-®) and validation
series (P = 2.0x107°) (Figure 1A). High expression levels
of miR-483-5p in metastatic tissues were confirmed in a
separated analysis of 17 paired primary-metastases (P =
6.5x107%; Figure 1B). To our knowledge, this is the first time
a potential biomarker of mPPGL is evaluated in a large
series of metastatic tissues.

Assessment of circulating miR-483-5p in the series of lig-
uid biopsies revealed higher levels in metastatic than in
non-metastatic patients (P = .002) (Figure 1A). Accord-
ingly, paired samples from patients with single PPGL for
whom blood was collected before surgery, did not show
significant correlations of circulating miR-483-5p with pri-
mary tumor sizes (n = 16; r = 0.142, P = .599) nor with
its expression in primary tumors (n = 9; r = -0.237,
P = 0.54). Circulating miR-483-5p was the finest marker
to indicate the presence of metastases (OR = 6.4, 95% CI =
1.12-36.44, P = .036) and the only one selected after apply-
ing a stepwise conditional logistic regression to define the
best classifier compared to circulating levels of miRNAs
with prognostic value when assessed in primary tumors?
(Figure 1C). Further receiver operating characteristic
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FIGURE 1 High levels of miR-483-5p are detected in metastases and serum from mPPGL patients. A, Log, normalized expres-

sion from the different series is displayed as a transformed z-score (centered to the mean of non-metastatic group per each series). Differences
in the expression levels in each series were tested by a one-sided nonparametric Mann-Whitney test. The mean is shown per each group.
B, Related to (A), miR-483-5p levels in paired primary tumor-metastatic tissues (n = 17). Each dot represents the level of miRNA in tumor
tissue; each color belongs to a different patient. One-tailed paired t-test was applied to test for differences between paired samples. C and D,
Comparison of circulating levels of miR-483-5p and previously reported miRNAs in mPPGL. Except for miR-483-5p, these data were extracted
from reported experiments.”C, Forest plot showing the odds ratio (OR) obtained from a binary logistic regression applied to test for associa-
tions between serum levels of miRNAs and the presence of metastasis in PPGL patients. Also, OR related to risk of metastasis and miRNA
expression in tissue is shown for the previously reported classifier (miR-183-5p/miR-21-3p) (extracted from Calsina et al) and for miR-483-5p.
The level of each miRNA was expressed as a dichotomous variable using the median level of each miRNA as the cutoff for analyses. Error bars
represent the 95% confidence interval (CI), and the diameter of the bubbles is proportional to —log;,(P-value). For miR-183-5p/miR-21-3p clas-
sifier, the high expression (above median) of both miRNAs at the same time was considered as the cutoff. D, Receiver operating characteristic
curve analysis showing the accuracy of the different circulating miRNA to discriminate mPPGLs from no-mPPGL, and SDHB status in the
serum series

curve (ROC) analysis showed that circulating miR-483-5p
has the highest accuracy as presence of metastasis dis-
criminator (Area Under the Curve (AUC) = 0.81, 95% CI
= 0.651-0.972, P = 4.0 X 10‘3). This accuracy was com-
parable to the reported for miR-21-3p/miR-183-5p levels
in primary tumors (AUC = 0.804, P = 4.67 X 107'8)?

and was largely superior to the SDHB status (Figure 1D).
Therefore, the miR-483-5p appears as the most promis-
ing biomarker of mPPGL when assessed in liquid biop-
sies. Collectively, these data indicate that miR-483-5p is
likely released at sites of metastatic colonization and
may account for the high circulating levels detected in
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FIGURE 2 Functional enrichment
and integrative analyses of miR-483-5p
and transcriptome data. A, Bubble diagram
showing the most significant biological
processes obtained after applying STRING
(https://string-db.org/) using the list of genes
that correlate significantly with miR-483-5p
levels. The color of the bubbles indicates the
percentage of genes that correlate with
miR-483-5p levels (here designated as
miR-483 genes) and are included in each
specific Gene Ontology (GO) term. The
diameter of the bubbles is proportional to the
—log,o(FDR) obtained with STRING tool. The
x-axis shows the percentage of miR-483 genes
that are present in each GO term over the
total number of miR-483 genes. GO terms in
red indicate gene sets related to angiogenesis,
in blue gene sets related to extracellular
matrix (ECM), and in purple gene sets related
to wounding. B, Workflow and filtering
criteria used for analysis of miR-483-5p
targets, leading to the identification of
ALCAM. C, Scatter plot showing the
correlation between miR-483-5p and ALCAM
expression from published series (n = 443).
Levels of miR-483-5p and ALCAM are
displayed as a transformed z-score (centered
at the mean of the expression in each series).
Spearman’s correlation (p) and P values are
shown. D, ALCAM levels in primary tissues
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metastatic patients. From the clinical standpoint, circu-
lating miR-483-5p could be used to inform when indolent
patients become metastatic.

Notably, by scaling miR-483-5p expression across 380
metastases from the TCGA consortium, we found that
the two metastatic tissues of the PPGL cohort display the
highest levels of miR-483-5p (Figure S2). According to the
human miRNA tissue atlas, the expression of miR-483-5p
is not tissue specific. Thus, overexpression of this miRNA
might play active roles in PPGL cells at the metastatic
niche. To explore this possibility, we carried out a compre-
hensive omics data integration.

Correlation analysis of miR-483-5p and gene expression
data revealed 152 genes associated with miR-483-5p lev-
els (0.4 > p > 0.4 and P < 1-107*). Functional enrich-
ment analysis suggested miR-483-5p as an important reg-
ulator of angiogenesis, wound healing, and extracellular

matrix organization (Figure 2A), which are tightly related
to invasion/metastasis. This finding is in line with the
fact that miR-483-5p regulates the expression of its host
gene IGF2, a stimulator of angiogenesis,” and that IGF2
expression highly correlates with miR-483-5p in PPGL and
other cancers® (Figure S3). The involvement of miR-483-
5p in angiogenesis and extracellular matrix regulation has
been demonstrated in models of ischemic disease and
osteoarthritis,*” whereas direct regulation of wound heal-
ing by miR-483-5p was reported in a model of skin repair.'”

To identify miR-483-5p targets that could better explain
its potential oncogenic functions, we followed the
workflow described in Figure 2B. A single gene, activated
leukocyte cell adhesion molecule (ALCAM)/CDI166, was
identified as the best target candidate. ALCAM 3’ Untrans-
lated Region (UTR) sequence has an 8 mer-seed matched
site for miR-483-5p (Figure S4), and its expression levels
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significantly anti-correlate with miR-483-5p (n = 443,
o = —0.356; P = 1.66 x 107'*; Figure 2C). It has been
reported that ALCAM expression decreases with tumor
progression,!! which entails a poor prognosis. In this
regard, we observed a lower expression in metastatic tis-
sues compared to primary tumors in our PPGL series (P =
.028; Figure 2C), as well as in the TCGA PANCAN cohort
(n = 396 metastatic tissues, n = 9712 primary tumors; P
= 5.8x107192), Since previous reports have demonstrated
that miR-483-5p directly binds ALCAM and regulates
its expression in lung adenocarcinoma,'? the functional
interaction miR-483-5p/ALCAM may shed light on the
understanding of PPGL metastatic niche and warrants
further investigation.

In conclusion, while assessment of miR-183-5p/miR-21-
3pin primary tumors improves the stratification of patients
at risk of metastasis at the time of diagnosis,” here we sug-
gest circulating miR-483-5p, a miRNA potentially related
to metastatic colonization, as a promising noninvasive
biomarker for the follow-up of that group of patients. These
preliminary results encourage prospective studies aimed at
ascertain the clinical relevance of such biomarkers.
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