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Abstract
Background—We are interested in identifying molecular markers that can aid in the diagnosis
of adrenocortical carcinoma (ACC). The aim of this study was to identify microRNAs (miRNAs
or miRs) that are differentially expressed in malignant adrenocortical tumors as compared to
benign tumors and assess their potential as diagnostic predictors.

Methods—Differentially expressed miRNAs were identified using microarray profiling of
adrenocortical tumors and validated by quantitative real-time RT-PCR.

Results—Microarray profiling in benign and primary malignant adrenocortical tumors revealed a
number of significant differences between these histological groups. Using directed quantitative
RT-PCR analysis on a subset of these differentially expressed miRNAs, we determined that miRs
−100, −125b, and −195 were significantly downregulated and miR-483-5p was significantly
upregulated in malignant as compared to benign tumors. Furthermore, our work shows that
miR-483-5p expression can accurately categorize tumors as benign or malignant.

Conclusions—We identified four miRNAs that are dysregulated in adrenocortical carcinoma.
The high expression of one of these, miR-483-5p, appears to be a defining characteristic of
adrenocortical malignancies and can be used to accurately distinguish between benign and
malignant adrenocortical tumors.
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Introduction
Adrenocortical carcinoma (ACC) is a rare but aggressive malignancy of the adrenal cortex.
This cancer affects 1 to 2 people per million per year and accounts for 0.02–0.2% of all
cancer deaths 1–3. Approximately half of all patients have metastatic disease at the time of
diagnosis resulting in an average five-year survival of less than 10% 1, 3. Currently there is
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limited knowledge regarding the initiation and pathophysiology of ACC and a lack of
effective therapies to treat this disease.

Benign adrenocortical tumors are a much more common occurrence with approximately 5%
of people over 50 years old having at least one nodule 4. These tumors often share many
imaging characteristics with their ACC counterparts and therefore determining if a tumor is
benign or malignant is not always straightforward. Metastatic disease or local invasion is the
only absolute indicator of malignancy. Masses without these features are assessed
preoperatively based on size, and imaging characteristics, although the findings of these
studies often are unable to definitively categorize the tumor as benign or malignant. After
resection, tumor pathology is assessed based on several histologic criteria including cell
morphology, cellular proliferation, and tumor invasiveness (Weiss criteria, 5). However for
some tumors, with some suspicious features, a definitive diagnosis may not be possible.
Accurate diagnosis is critical since the prognosis, follow up, and therapeutic strategy for
ACC is much different than that for a benign tumor. Therefore there is a need for better
diagnostic tools for assessing adrenocortical tumors, preoperatively and as an adjunct to
routine histopathology.

MicroRNAs (miRNAs or miRs) are a class of short non-coding RNAs that post-
transcriptionally regulate gene expression by directly targeting mRNAs and affecting their
stability and/or translation (reviewed in 6). These regulators are important in a wide range of
normal physiologic and pathologic processes. MiRNA expression profiling has been
performed on many types of human cancers and indicates that malignancy involves miRNA
dysregulation and that particular miRNA expression signatures could be useful for
molecular diagnosis and/or prognosis. Additionally, functional studies suggest that aberrant
miRNA expression contributes to cancer pathogenesis making these molecules potential
targets for cancer therapy.

Given the potential of miRNAs as cancer markers and as targets for molecular therapy, we
used genome-wide miRNA expression profiling of adrenocortical tumors (26 benign and 10
malignant) to identify a number of miRNAs that were dysregulated in ACC. Here we report
a signature of low miR-100, −125b, and −195 and high miR-483-5p expression that is
characteristic of ACC. Moreover, we found that the expression level of miR-483-5p alone
can accurately diagnose a tumor as benign or malignant and validated this finding in an
independent set of adrenocortical tumors (35 benign and 31 malignant).

Materials and Methods
Tissue samples

Adrenocortical tissue samples were procured at the time of surgery, snap frozen in liquid
nitrogen, and stored at −80°C. Demographic, clinical, and pathologic information and tissue
samples were collected under an Institutional Review Board (IRB) approved protocol.
Patient and tumor characteristics used for miRNA microarray profiling are summarized in
Table 1. Tumors were classified as adrenocortical carcinoma when gross local invasion and/
or metastasis (lymph or distant) was present at the time of diagnosis or occurred during
follow-up. Localized tumors with no evidence of recurrence at follow-up (mean 2.1 years)
were classified as benign. An independent set of benign (n=35), locoregional ACC
recurrences (n=2), and ACC metastases (n=29) tumor samples were used for validation.

Normal adrenal glands were procured from healthy organ donors under an IRB approved
protocol (n=21). Laser capture microdissection was used to isolate tissue from the cortex.
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RNA extraction and quality control
Total RNA was extracted from frozen tissue as described previously 7. RNA integrity and
quality was confirmed using an Agilent 2100 Bioanalyzer. All RNA samples used for
miRNA profiling had a RNA integrity number > 5.

miRNA microarray expression profiling and data analysis
A total of 36 microarrays were run comparing either benign adrenocortical tumors (n=26) or
ACCs (n=10) to a common reference pool of 21 normal adrenal cortices. For each array, 300
ng of total RNA (either tumor or reference) was labeled with Cy5 or Cy3 using the
miRCURY LNA microRNA Array Labeling Kit (Exiqon, Denmark). Cy5 and Cy3 samples
were combined such that all tumor samples were compared to normal pooled. In 12 samples,
the reference normal pooled sample was labeled with Cy5 (dye swap). Fluorescently labeled
RNA was hybridized to Exiqon miRCURY LNA miRNA arrays (v. 11.0) using SureHyb
DNA microarray hybridization chambers and gasket slides (Agilent, Santa Clara, CA) for 18
hours at 56°C. Arrays were scanned on an Axon GenePix 4000B scanner (Molecular
Devices, Sunnyvale, CA), and GenePix results files (GPR) containing fluorescence
intensities were generated using GenePix Pro 6.0 software.

GPR files were loaded into R/Bioconductor using the marray package 8. Flagged spots were
removed from subsequent analysis and the remaining probes were used for normalization
and subsequent analyses. The log2 ratio of the intensity of Cy5 to Cy3 signals were
calculated for each miRNA on every array (with no background subtraction) and normalized
by print tip loess normalization 9, 10. Since individual miRNAs were represented by four
probes on the array, the median of normalized log2 ratio of the replicate probes (for those
with more than one unflagged probe) was used as the value for the miRNA. The
summarized log2 ratios for each experiment were then used in moderated t-statistics and p-
value calculation using the limma package in R/Bioconductor 11, 12 with adjustment for
false discovery rate using the Benjamini-Hochberg method 13.

Real-Time quantitative RT-PCR analysis
MiRNAs that were found to be differentially expressed in the microarray experiments were
validated using TaqMan quantitative real-time RT-PCR (Applied Biosystems, Foster City,
CA). Single-stranded cDNA was synthesized from 5ng of total RNA using specific miRNA
primers (TaqMan MicroRNA Assay, PN 4427975, Applied Biosystems) and the TaqMan
MicroRNA Reverse Transcription Kit (PN 4366596, Applied Biosystems). 2ul of cDNA
was used as a template in a 10ul PCR reaction. PCR products were amplified using specific
primers (TaqMan MicroRNA Assay) and the TaqMan Universal PCR Master Mix (PN
4324018, Applied Biosystems) and detected using 7900HT Fast Real-Time PCR System
(Applied Biosystems). PCR reactions for each sample were run in triplicate. Control
reactions included cDNA synthesized without reverse transcriptase enzyme (RNA only) and
no cDNA template. The following TaqMan MicroRNA Assays used in this study were
obtained from Applied Biosystems: let-7g (002282), miR-26b (000407), miR-483-5p
(002338), miR-214 (002306), miR-195 (000494), miR-193b (002367), miR-126 (002228),
miR-125b (000449), miR-125a-5p (002198), miR-30b (000602), miR-34a (000426), and
miR-100 (000437). RNU48 (001006), RNU6b (001093), U6 (001973), miR-34c (000428),
miR-542-3p (001284), and miR-1285 (002822) were tested as possible endogenous controls
for data normalization by measuring their expression in all of the samples. The prediction
algorithm NormFinder was used to analyze expression stability of the possible controls 14.

For measuring IGF2 expression in patient samples, single-stranded cDNA was synthesized
from 100ng of total RNA. TaqMan Real-time quantitative PCR was used to measure IGF2
mRNA expression level relative to glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
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mRNA expression. The TaqMan probes for the IGF2 (Hs01005970_m1) and GAPDH
(Hs99999905_m1) were obtained from Applied Biosystems. All the PCR was performed in
a final volume of 10 µL, with 2 µL of cDNA template, using TaqMan Universal Master Mix
(PN 4440043, Applied Biosystems) on a 7900HT Fast Real-Time PCR System (Applied
Biosystems).

MiRNA expression level was expressed as the difference between cycle threshold (Ct) for
the miRNA of interest and that of RNU48 (ΔCt). IGF2 mRNA expression level was
expressed as the difference between cycle threshold (Ct) for IGF2 and that of GAPDH
(ΔCt). Since the sample sizes were small, the Mann-Whitney U test was used to assess
statistical significance. A p-value of less than 0.05 was considered statistically significant.

Results
Identification of differentially expressed miRNAs

The global miRNA profiles were obtained for the samples listed in Table 1 which included
10 primary adrenocortical carcinomas (ACCs) and 26 benign adrenocortical tumors. A total
of 36 microarrays were performed comparing the total RNA from each individual tumor
sample to a common reference pool of RNA from 21 normal adrenal cortices. All 36 arrays
were of adequate quality for analysis.

We first analyzed the difference between tumors and normal adrenocortical tissue.
Differentially expressed miRNAs were defined as those that had an adjusted p-value of less
than 0.01 as described in the Materials and Methods. There were a similar number of
differentially expressed human miRNAs in both benign and malignant tumors as compared
to normal (82 and 71, respectively) (Fig. 1). Interestingly, among these, only 17 miRNAs
were differentially expressed in both comparisons suggesting that benign and malignant
tumors have relatively distinct patterns of miRNA dysregulation. For the majority of the 17
common miRNAs, the fold change in expression was more dramatic in ACC. For example,
in comparison to normal tissue, miR-100 was downregulated 1.5-fold in benign tumors
whereas in malignant tumors it was 2.6-fold lower. It is possible that these common
miRNAs are involved in neoplastic proliferation in the adrenal cortex. In fact, miR-100 was
recently shown to regulate Polo-like kinase 1 (Plk1), a critical regulator of mitosis 15.

Unsupervised cluster analysis of the most differentially expressed miRNAs
Since a major interest of this study was to identify a miRNA(s) that can distinguish ACCs
from benign tumors, we next compared the miRNA expression differences between these
classes. As mentioned above, the microarray design compared each tumor sample to a
common reference (pooled normal), thereby allowing for direct assessment of the miRNA
expression differences between benign and malignant adrenocortical tumors. Unsupervised
clustering was performed on the top 50 most variable miRNAs. The heatmap showed some
structure, with the malignant samples clustering separately from the majority of the benign
samples (Fig. 2A). However, we found that the miRNA expression profiles for a few of the
benign samples were more similar to malignant. It is possible that for this subset of tumor
samples that these tumors have more potential for malignant transformation.

Validation of differentially expressed miRNAs
We next focused on the human miRNAs that had the largest expression difference between
benign and malignant tumors. Using a stringent significance criteria of a 2-fold or greater
difference in expression level and an adjusted p-value of less than 0.01, we found that 23
miRNAs were differentially expressed. Of these 23, 5 miRNAs had higher expression and
18 miRNAs had lower expression in ACC (Fig. 2B). 13 of these top differentially expressed
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miRNAs were chosen for further study (Figs. 1 and 2B, underlined). Aside from being the
most differentially expressed miRNAs, these 13 were selected because they possess other
interesting features. For example, miRs −26b, −214, −195, −125b, 34a, −100, and let-7g lie
within genomic regions that have been reported to be frequently lost in ACC 16–20.
MiR-483-5p falls within a gene that has been found to be highly expressed in many ACCs,
IGF2. Additionally, misexpression of many of the chosen miRNAs have been associated
with different types of cancers (reviewed in 21).

The 13 miRNAs were validated in the same samples used for the microarrays (10/10
malignant and 24/26 benign tumors; two benign samples had insufficient RNA and were
excluded from validation) by real-time quantitative RT-PCR. The unnormalized PCR data
for 12 of the miRNAs tested showed good correlation with the microarray data (p<0.0001)
(data not shown). Data was not obtained for miR-600 because it was not amplified by PCR.

Two of our malignant tumor samples had evidence of necrosis and consistently had lower
miRNA expression (higher raw Ct) across all of the tested miRNAs. We initially chose to
include these types of tumors in our microarray studies since they are representative of the
tumor tissue heterogeneity encountered in ACCs. In fact, in both benign and malignant
samples we observed that a variable amount of fibrosis and tumor stroma were present in up
to 20% of the tissue section. Given this tumor heterogeneity it was important to find a good
strategy for controlling the biological variations between samples. “Invariant” small RNAs
are often used as endogenous controls for miRNA quantitative RT-PCR data normalization.
We initially tested a panel of six possible normalizers; three small RNAs (RNU48, RNU6,
and RNU6b) and three miRNAs that according to the microarray data were least variably
expressed across all samples (miRs −1285, −34c-5p, and −542-3p). We picked RNU48 as
the best control since it had the lowest standard deviation across all of the samples (raw Ct)
and was the most stably expressed overall and across the sample subgroups (NormFinder
14).

The mean expression data normalized to RNU48 (ΔCt) for benign tumors (n=24) and ACC
(n=10) for the 12 validation miRNAs is shown in Fig. 3. For the most part, the overall trend
observed by microarray analysis was recapitulated (higher expression of miR-483-5p (lower
ΔCt) and lower expression of most of the other miRs (higher ΔCt)) in ACC as compared to
benign tumors. Four of the miRNAs, miRs −483-5p, −195, −125b, and −100, had a
statistically significant difference between the tumor types (Mann Whitney U test, p<0.05).

Identification of a diagnostic miRNA for ACC
We hypothesized that one or more of the four differentially expressed miRNAs could be
used to accurately classify benign and malignant tumors. To determine the diagnostic
accuracy of these miRNAs, the area under the receiver operator characteristic curve (AUC)
was calculated (Fig. 4A–D). MiR-483-5p had the highest AUC (0.95) indicating that the
expression of this miRNA could accurately distinguish between benign tumors and ACCs
(Fig. 4D). Combining miR-483-5p with the other miRNAs did not improve accuracy (data
not shown). Furthermore, classification based miR-483-5p expression alone in these same
tumor samples (10 primary malignant and 23 benign tumors) resulted in 8 of 10 malignant
samples being classified as malignant (80% sensitivity) and 24 of 24 truly benign samples
being classified as benign (100% specificity). This results in a positive predictive value of
100% and a negative predictive value of 92%.
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Increased miR-483-5p expression is a marker of malignant phenotype in adrenocortical
tumors

Our data suggests that overexpression of miR-483-5p occurs frequently and consistently in
primary ACCs. We speculated that high expression of miR-483-5p may be a persistent and
general characteristic of adrenocortical malignancy. To address this hypothesis we measured
the expression of miR-483-5p in an independent cohort of benign tumors (n=35),
locoregional ACC recurrences (n=2), and ACC metastases (n=29) by real-time quantitative
RT-PCR. We found that the majority of malignancies had higher expression of miR-483-5p
(lower ΔCt) relative to the benign group and that this difference was statistically significant
(p<0.0001, Mann Whitney U test) (Fig. 5). We found that a small subset (7 out of 31) of the
malignant samples had miR-483-5p expression that more closely resembled that of benign
tumors. These samples came from various sites of metastases in four different ACC patients
(these were the only samples from these patients included in this analysis). Interestingly,
these patients’ tumors responded well to chemotherapy and they had the best overall
response among the group tested.

We found it striking that, based on miR-483-5p expression, the malignant samples formed
two mutually exclusive groups; the majority highly expressed miR-483-5p (low ΔCt) and, as
mentioned above, a small subset had lower expression of this miRNA (high ΔCt) (Fig. 5).
As discussed previously, the miR-483 locus maps to the epigenetically regulated IGF2 gene.
Therefore the dichotomous expression pattern we observed may be reflective of the
transcriptional status of the imprinted locus being either ‘on’ or ‘off’ 22. If this is the case, it
also suggests that these tumors are rather homogenous, at least in terms of gene expression
from this particular region.

Increased miR-483 is correlated with high IGF2 expression in adrenocortical tumors
MiR-483 is expressed from intron two of the IGF2 gene. Both the 5’ and 3’ arm of this
precursor can express a mature miRNA (either miR-483-5p or miR-483-3p, respectively).
Although our miRNA microarray did not identify miR-483-3p as differentially expressed
between malignant and benign tumors, we decided to analyze the expression of this miRNA
directly by real-time quantitative RT-PCR. Surprisingly, in a manner identical to
miR-483-5p, miR-483-3p is highly expressed in malignant samples. In fact the expression of
these two miRNAs are highly correlated (Fig. 6A, r=0.965).

Given that IGF2 has been identified in many studies as commonly overexpressed in ACC 7,
23–29, we speculated that the high expression of miR-483 detected in malignant tumors is a
byproduct of overexpression of the IGF2 mRNA. To address this, IGF2 expression was
measured in the same patient samples by real-time quantitative RT-PCR. Comparison of
IGF2 mRNA and miR-483 expression showed a significant positive correlation (Fig. 6B,
r=0.799) suggesting that they are coexpressed from this locus.

Discussion
In this study we performed global miRNA profiling on benign and malignant adrenocortical
tumors and identified four human miRNAs, miR −100, −125b, −195, and −483-5p, that had
a significant difference in expression between the two tumor classes. Recently, Soon et al.
published the results of a similar microarray miRNA profiling in benign and malignant
adrenocortical tumors 30. This study identified miRNAs that were differentially expressed
between tumor subtypes and found that two miRNAs, miRs −195 and −483-5p, could
predict ACC prognosis. Our work supports this study’s observation that miR-195 is
significantly downregulated in ACC compared to benign adrenocortical tumors. In addition,
by using a large sample size and expanding the analysis to ACC recurrences and metastases,
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we were able to extend the observations of Soon et al. and convincingly show that there is a
significant increase in miR-483-5p expression in ACC (Figs. 3 and 5) and that this is likely a
byproduct of IGF2 misexpression (Fig. 6B).

High expression of miR-483-5p is a distinguishing feature of malignant adrenocortical
tumors

Preoperative diagnosis of adrenocortical tumors is not always straightforward. Lesions of
intermediate size with some suspicious features are often removed to rule out the possibility
of malignancy. In these cases, we instead envision using molecular diagnostics on biopsy
samples to rule out the possibility of malignancy and avoid unnecessary operations. miRNA
markers are ideal in this type of testing since miRNAs seem to be more stable and less prone
to degradation then mRNAs and measuring miRNAs requires little starting RNA. Our work
found that using miR-483-5p expression has a high negative predictive value of 92%
suggesting that the majority of patients with negative test results would be correctly
diagnosed. Future studies will be necessary to extend this finding to biopsy samples or as an
adjunct to routine histopathology.

Our work indicates that high expression of miR-483-5p is a common occurrence in primary
and metastatic ACCs. The miR-483 gene locus has been mapped to intron two of IGF2, one
of the most commonly overexpressed genes in ACC 7, 23–29. We hypothesized that the
high expression of miR-483-5p observed in ACC is an indirect consequence of IGF2
overexpression. In support of this, miR-483-5p seems to be expressed concordantly with
IGF2 mRNA (Fig. 6). Recent studies have found similar positive correlation between
miR-483 and IGF2 mRNA levels in Wilms’ tumor, hepatocarcinoma, colorectal cancer, and
malignant pheochromocytoma samples 31, 32. Taken together these data suggest that IGF2
and miR-483 are frequently coregulated. Based on this, we propose that miR-483 expression
could serve as a useful indicator of IGF2 expression. Clinical trials for ACC patients are
evaluating therapies targeting the IGF signaling pathway because of promising preclinical
studies that showed a significant antineoplastic effect from inhibiting IGF signaling 33, 34.
Assessing the miR-483 expression level from tumor samples or possibly even in serum 35
may serve to quickly identify those patients that would most benefit from this type of
therapy.

The role of miRNA misregulation in adrenocortical malignancy
Increasingly studies are finding that altered expression of specific miRNAs can contribute to
the initiation and progression of cancer (reviewed in 36). Our work provides the miRNA
expression phenotype of ACC, a powerful tool for beginning to better understand the
pathological mechanisms involved in the development of this disease.

Aside from being an accurate marker of adrenocortical malignancy, miR-483 is also an
appealing therapeutic target for treating both primary and metastatic ACC lesions. Our
observation that high expression of miR-483-5p and miR-483-3p occur frequently in
malignant adrenocortical tumors coupled with previous work suggesting that higher
miR-483-5p is indicative of worse disease outcome 30, leads us to hypothesize that miR-483
expression may promote adrenocortical carcinogenesis. In support of this, a recent study
found that miR-483-3p can function as an anti-apoptotic oncogene in cancer cell lines
(HEPG2, liver carcinoma and HCT116, colorectal carcinoma) 31. Future functional studies
are necessary to assess if miR-483-3p plays a similar role in ACC and the exact role of
miR-483-5p in cancer cell biology.

Our targeted validation found that, in addition to high expression of miR-483-5p, miRs
−195, was significantly downregulated in malignant adrenocortical tumors as compared to
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benign tumors (Fig. 3). As mentioned above, this is the second report of low miR-195
expression in ACC 30. In addition, miR-195 expression has been shown to be reduced in
hepatocellular carcinoma (HCC). In fact, in HCC, this miRNA seems to play an important
functional role in regulating cell proliferation as ectopic expression of miR-195 reduces
tumorigenicity and regulates cell cycle progression in HCC cells 37.

This study also found that miR-100 is significantly downregulated in malignant
adrenocortical tumors as compared to benign. Decreased miR-100 expression has also been
observed in a type of benign adrenocortical tumor, primary pigmented nodular
adreoncortical disease (PPNAD, 38), and in childhood adrenocortical tumors 39.
Interestingly the latter study used adrenocortical tumor cell lines and primary culture to
demonstrate that miR-100 can regulate the IGF-1R and mTOR signaling cascades and that a
rapamycin analogue could inhibit cell growth 39.

In summary, this study identified four miRNAs that are misexpressed in ACCs. MiR-483-5p
was more highly expressed in malignant than benign tumors and our work indicates that
expression of this miRNA can accurately distinguish between tumor types (Fig. 4D).
Furthermore, as discussed above, the misexpressed miRNAs have interesting connections to
oncogenesis. We anticipate that future functional studies in adrenocortical cell lines will be
the key to better understanding not only the specific role(s) that these miRNAs play in
adrenocortical carcinogenesis but, more broadly, the molecular pathological mechanisms
involved in development of malignant tumors of the adrenal cortex.
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Figure 1. The miRNAs significantly up- or down-regulated in malignant and/or benign
adrenocortical tumors as compared to normal adrenocortical tissue
Microarray analysis compared tumors (benign or malignant) to normal adrenocortical tissue.
Differentially expressed genes were defined as those that had a p-value <0.01 (Ho: there is
no difference between expression in tumor and normal). 17 miRNAs were misexpressed in
both benign and malignant tumors (listed in the box, green and red indicate lower and higher
expression in tumors, respectively). The underlined miRNAs were chosen to be validated by
real-time quantitative RT-PCR.
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Figure 2. Identification of differentially expressed miRNAs using microarray analysis
A. Unsupervised clustering was performed on the 50 most variable miRNAs. The most
variable miRNAs were defined by the greatest absolute deviation from the mean across all
samples. The Pearson correlation coefficient was used as the similarity metric in this
analysis. The heatmaps show the clustering between clinical samples (columns) and the
intensity of miRNA expression (log2 (tumor/normal), rows). The tumor diagnosis, either
benign (B) or malignant (M), was indicated below. The microarrays included probes for
mouse (mmu), human (hsa), and unannotated (miRPLUS) miRNAs (Exiqon LNA miRNA
array v. 11.0). B. The top miRNAs significantly up- or down-regulated in ACC as compared
to benign adrenocortical tumors were identified as those that were statistically significantly
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different (p<0.01, Ho: there is no difference between the expression in benign and malignant
tumors) and had an expression difference of at least two-fold (up or down) between the two
tumor classes were classified as the most differentially expressed. 23 miRNAs fit this
criteria and the fold change for each is plotted (negative values indicate decreased
expression in malignant and positive values indicate increased expression in malignant). The
underlined miRNAs were chosen to be validated by real-time quantitative RT-PCR.
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Figure 3. Real-time quantitative RT-PCR validation
Real-time quantitative RT-PCR was used to assay the expression of various miRNAs in
tumor samples. The expression of each miRNA is expressed as the ΔCt (Ct miR of interest –
Ct RNU48). The mean expression was calculated for benign tumors (n=24, except
miRs-483-5p, 193b, and −125-5p where n=23) and ACCs (n=10) and is plotted (± standard
error of the mean). An increase in ΔCt indicated lower expression whereas a decrease in ΔCt
indicated higher expression (compare benign to malignant). A statistically significant
difference between benign and malignant was indicated with an asterik (*) (p<0.05, Mann
Whitney U test).
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Figure 4. MiR-483-5p expression can distinguish benign from malignant tumors
The receiver operating characteristic curve (ROC) was plotted based on the real-time PCR
expression profiling of miRs −100 (A), −125b (B), −195 (C), and −483-5p (D) (normalized
to RNU48) for 34 samples (10 primary ACCs and 24 benign adrenocortical tumors). The
area under the curve (AUC) was listed on the graph. With an AUC of 0.95, miR-483-5p had
the greatest diagnostic accuracy (a perfect diagnostic marker without any false- negative or
false-positives would have an AUC of 1).
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Figure 5. High miR-483-5p expression is associated with adrenocortical malignancy
Real-time quantitative RT-PCR was used to assay the expression of miR-483-5p in tumor
samples, either benign (n=35) or malignant (ACC recurrence, n=2; ACC metastasis, n=29).
Each individual point on the plot denotes a patient sample. The y-axis represents the
expression of miR-483-5p which was expressed as the ΔCt (Ct miR-483-5p – Ct RNU48). A
lower ΔCt (compare benign to malignant) indicated higher miRNA expression. There was a
statistically significant difference between the benign and malignant groups (p<0.0001,
Mann Whitney U test).
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Figure 6. The expression of miR-483-3p, miR-483-5p, and IGF2 mRNA are highly correlated
A. Real-time quantitative RT-PCR was used to assay the expression of miR-483-3p in tumor
samples, either benign (n=24) or malignant (primary, n=10). MiR-483-3p expression,
expressed as the ΔCt (Ct miR-483-3p – Ct RNU48), is plotted against the ΔCt of
miR-483-5p for each patient sample. A strong positive correlation was detected (r=0.965,
Pearson correlation). B. Real-time quantitative RT-PCR was used to assay the expression of
IGF2 mRNA in tumor samples, either benign (n=19) or malignant (primary, n=2; ACC
metastasis, n=27; ACC recurrence, n=3). IGF2 expression, as the ΔCt (Ct IGF2 – Ct
GAPDH), is plotted against the ΔCt of miR-483-5p (Ct miR-483-5p – Ct RNU48) for each
patient sample. A significant positive correlation was detected (r=0.799, Pearson
correlation).
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Table 1

Clinical Features of Microarray Samples

Adrenocortical
Carcinoma

Benign
Adrenocortical Tumor

Number of Patients 10 26

Age (Ave. ± St. Dev.) 45.1 ± 21.3 50.1 ± 13.2

Sex (Female/Male) 7/3 19/7

Syndrome:

   Cushing’s 7 8

   Subclinical Cushing’s 0 2

   Conn’s 0 4

   Nonfunctioning 3 12
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