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Early diagnosis and the ability to predict the most relevant treatment option for individuals is essential to improve
clinical outcomes for non-small cell lung cancer (NSCLC) patients. Adenocarcinoma (ADC), a subtype of NSCLC, is the
single biggest cancer killer and therefore an urgent need to identify minimally invasive biomarkers to enable early diag-
nosis. Recent studies, by ourselves and others, indicate that circulating miRNAs have potential as biomarkers. Here we
applied global profiling approaches in serum from patients with ADC of the lung to explore if miRNAs have potential
as diagnostic biomarkers. This study involved RNA isolation from 80 sera specimens including those from ADC patients
(equal numbers of stages 1, 2, 3, and 4) and age- and gender-matched controls (n = 40 each). Six hundred and sixty-seven
miRNAs were co-analyzed in these specimens using TagMan low density arrays and gPCR validation using individual
miRNAs. Overall, approximately 390 and 370 miRNAs were detected in ADC and control sera, respectively. A group of 6
miRNAs, miR-30c¢-1* (AUC = 0.74; P < 0.002), miR-616* (AUC = 0.71; P = 0.001), miR-146b-3p (AUC = 0.82; P < 0.0001), miR-
566 (AUC = 0.80; P < 0.0001), miR-550 (AUC = 0.72; P = 0.0006), and miR-939 (AUC = 0.82; P < 0.0001) was found to be pres-
ent at substantially higher levels in ADC compared with control sera. Conversely, miR-339-5p and miR-656 were detected
at substantially lower levels in ADC sera (co-analysis resulting in AUC = 0.6; P = 0.02). Differences in miRNA profile identi-
fied support circulating miRNAs having potential as diagnostic biomarkers for ADC. More extensive studies of ADC and
control serum specimens are warranted to independently validate the potential clinical relevance of these miRNAs as

minimally invasive biomarkers for ADC.

Introduction

Lung cancer is the leading cause of cancer death worldwide
and the third most common cause of death from all causes. In
2010, in the United States alone, 222520 new cases of lung can-
cer were diagnosed and 157300 people died from this disease.!
Approximately 85-90% of all cases of lung cancer are non-small
cell lung cancer (NSCLC).? Until recently, NSCLC was treated
as a single disease despite recognition of its molecular and his-
tological heterogeneity.’ NSCLC includes adenocarcinoma
(ADC), squamous cell carcinoma, and large cell carcinoma.
Recent reports indicate ADC to account for up to 50% of lung
cancers.? Efficacy and safety results from recent clinical trials
have shown the importance of sub-grouping NSCLC into its
subtypes to achieve maximum benefit while minimising toxicity
for patients® as, unfortunately, in light of this, there is merit in
considering subtype when aiming to identify biomarkers.

Despite the devastating problem of NSCLC and the estimated
51% increased numbers of cases of this disease since 1985, a panel
of reliable serum biomarkers has not yet been identified. Existing
lung cancer protein biomarkers include tumor-liberated proteins

such as CEA, NSE, TPA, chromogranin, CA125, CA19-9, and
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Cyfra 21-1. While these are the best options currently available
in the clinic, they each have limitations as detailed by Tarro et al.®

The interest in circulating RNAs as biomarkers is rapidly
increasing as their potential is being realized. In 2008, we pub-
lished the first whole genome microarray analysis indicating
that many hundred mRNAs can be detected in serum.” More
recently, ourselves and others have published data supporting a
role for circulating miRNAs in a range of cancer types includ-
ing breast,*’ prostate,'!" liver,'>!? >
Furthermore, number of recent studies of NSCLC specimens has
supported the relevance of circulating miRNAs in NSCLC.'¢-#
Advancing on our earlier work, and supported by the important
data reported in the NSCLC serum studies performed by others,
we present what we believe to be the largest global analysis of
miRNAs (667 miRNAs) in serum specifically focusing on the
most common type of NSCLC, adenocarcinoma.

gastric,' and brain cancers.!

Results

Patient characteristics
This study involved analysis of 80 serum specimens, including
40 sera from patients (22 male and 18 female) with ADC and
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Table 1. Adenocarcinoma patients and healthy controls

CLINICAL STUDY

Table 2. Assessment of 5 miRNAs commonly detected in serum or plasma

40 age-, gender-, and BMI-matched healthy volunteers. Table 1
summarizes the gender balance and age following sub-division
of the matched specimens based on ADC stage at which the
patients presented (see Table S1 for data relating to each serum
specimens).

RNA yield and miRNA presence

Total RNA quantification from each serum specimen showed
the yields to be similar from the patient and control cohort.
Specifically for each 250 pL of patient serum, an average of 1.88
+ 0.33 pg RNA was retrieved, with control sera producing a
mean of 1.83 + 0.2 pg RNA (P = 0.98).

The results from this study of 667 miRNAs showed that the
numbers of miRNAs present in ADC and control sera do not
differ substantially. Assuming C._ values of < 35 as indicative of
miRNA presence, 230 + 51 miRNAs were detected in serum
from ADC patients and 240 + 21 were detected in control sera
(P =0.729). Applying less stringent C_ values of < 40 as present,
326 + 68 miRNAs were detected in patients sera and 336 + 36 in
control sera (P = 0.759).

Assessing for miRNAs reported to generally be present in
serum or plasma

A number of miRNAs have been reported as typically present
in serum/plasma including miR-16, miR-103, miR-93, miR-192,
and miR-451. As expected, we found these miRNAs to be present
in all specimens analyzed (Table 2).

miRNAs identified as associated with ADC using TagMan
low density arrays

TLDA data showed 3 miRNAs to be undetectable (assum-
ing no amplification by 40 C_ to indicated absence) in all 40
control sera specimens, and present in ADC sera at all stages
of disease. These include miR-566 and miR-939. A number of
other miRNAs, while present at low levels in some control sera,
were found to be present at substantially higher levels in ADC
sera compared with control when all data was normalized to
mean C,, prior to comparison on ADC C to control C. values.
Specifically, the mean fold increases for these miRNAs in ADC
serum specimens compared with control sera were as follows:
miR-517c (21.6-fold; range: 2.1- to 63.9-fold); miR-770-5p (15.8-
fold; range: 2.0- to 36.6-fold); miR-605 (50.4-fold; range 1.2- to
143.3-fold); miR-212 (10.7-fold; range: 2.3- to 21.6-fold); miR-
601 (7.8-fold; range: 3.1- to 13.2-fold). Conversely, two miRNAs
were found to be at substantial higher levels across the 40 normal
sera specimens compared with ADC sera i.e., miR-656 (22.8-
fold; range: 2.8- to 44.5-fold) and miR-339-5p (21.4-fold; range:
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Controls ADC Control ADC
iRNA Pval :
m (y; mean = SD) | (y; mean +SD) value miRNA (mean C)) (mean C)) Pvalue
6 maslgief;male) 509420 62.1+20 0.450 miR-16 215+1.5 222+29 0.748
4 miR-103 28.7+1.6 30.1+22 0.351
Stage 2 )
67.6 £40 689+ 3.5 0.810 miR-93 265+ 1.1 27.7 £3.1 0.604
(6 male; 4 female)
miR-192 29.5+0.9 299+25 0.772
Stage 3 582+24 60.2+32 0.630
(5 male; 5 female) R oo ' miR-451 250+1.8 264+4.2 0.640
Stage 4
70.9+20 70.0+2.7 0.790 . .
(5 male; 5 female) 4.8- to 69.1-fold) were detected at higher levels in control com-

pared with ADC serum specimens.

qPCR validation of results arising from TLDA analysis

Array technology enabled co-analysis of many (667) miRNAs.
However, in order to establish if the results from such analysis
would consistently be found using a more routine technique
that could potentially be translated to hospital laboratories for
analysis, 8 miRNAs were selected for individual analysis in all
80 specimens using standard quantitative polymerase chain reac-
tion (qPCR) analysis. This more limited group of miRNA was
selected as RNA quantities available were limited. However,
these would prove in principle if validation would be achieved.
The fact that little, if any, information is published on these
miRNAs means that their selection also adds to the advancement
of our understanding of miRNAs. Specifically, these miRNAs
included miR-566, miR-550, and miR-939 [found by TLDAs to
be absent from control sera (7 = 40) and present in ADC sera
(n = 40)]. The other 3 miRNAs found to be increased in ADC
and so selected for gPCR analysis were miR-616*, miR-146b-3p,
and miR-30c-1%, which we had previously identified as potential
biomarkers for ADC but in a more limited pilot study of stage 1
ADC only (n = 10) and age- and gender-matched control (2 =
10) sera (Sup. Data 1). The fact that this trend was also found
through the TLDA analysis here, i.e., miR-616%, miR-146b-3p,
and miR-30c-1* were present (<35 C,) in stage 1, but were absent
from matched control sera supported their further investigation.
The other two miRNAs selected for assessment by qPCR were
miR-339-5p and miR-656, that we identified as at substantially
lower levels in ADC sera compared with controls specimens.

miR-566

Using quantitative PCR analysis, miR-566 was detected in all
specimens with the exception of one ADC specimen. Directly
comparing each ADC and matched control showed miR-566 to
be 70 + 29.4-fold increased in ADC sera, in all but 5 matched
pairs (Fig. 1A). The AUC value from ROC analysis was 0.80,
demonstrating a significant (2= 0.0001) difference between ADC
patients and healthy controls (Table 3). As individual matched
normal specimens would not necessarily always be available for
comparison, we also analyzed levels in each ADC specimen com-
pared with the overall mean levels in the 40 controls; showing a
19.1 + 4.4-fold increase in 95% of cases (Fig. 1B). Considering
the 4 stages of ADC, levels of circulating serum miR-566 in
ADC specimens (compared with their individual matched con-
trol pairs) were found to increase in stage 2 disease compared
with stage 1. However, levels in stage 3 decreased substantially
compared with stage 2 before increasing again in stage 4 disease
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Figure 1. miR-556, -550, -939, -616*, 146b-3p, and -30c-1* were detected
at substantially higher amounts in serum from ADC patients (n = 40)
compared with their individually (A) or mean value (B) for their paired
age- and gender-matched controls (n = 40). miR-339-5p and miR-656
were detected at substantially lower levels in serum from ADC patients
(n = 40), as shown after comparing their individual (C) or mean value (D)
for their paired age- and gender-matched controls (n = 40). Graphs rep-
resent fold changes in ADC (mean + SE).

(Fig. 2). This trend was also observed when miR-566 in indi-
vidual ADC sera was compared with the mean level in control
specimens (Fig. 3).

miR-550

miR-550 was detected in 100% of ADC sera. In 15% of com-
parison pairs (6/40) miR-550 went from undetectable in normal
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serum to present in ADC. While some level of miR-550 was
detectable in 34 of the normal sera, the amounts were substan-
tially greater in ADC compared with control sera in the major-
ity (75%) of cases; with an average fold increase of miR-550
in ADC sera of 24.6 + 8.8 (Fig. 1A), when compared with its
matched control or 8.7 + 2.8 when compared with the mean of
the controls (Fig. 1B). For miR-550, the AUC value from ROC
analysis was 0.72, showing a significant (P = 0.0006) difference
between ADC patients and healthy controls (Table 3). When
considering age- and gender-matched pair comparisons, serum
levels of miR-550 increased in stage 2 disease compared with
stage 1, with levels in stage 3 decreasing substantially compared
with stages 1 and 2, before increasing again in stage 4 disease
(Fig. 2). Comparison of each ADC with the mean of control
values indicated a marginal increase from stage 1 to stage 2 to
stage 3, with an apparently more substantial increase at stage 4
(Fig. 3). However, it should be noted that this increase is strongly
influenced by one stage 4 ADC serum specimen that had excep-
tionally high levels of miR-550. Eliminating this specimen bring
the average fold increase in stage 4 to a similar level to that in
stages 1-3 inclusively.

miR-939

miR-939 was detected in 100% of serum specimens and was
found to be at substantially higher level (254.2 + 143.4-fold) in
85% of cases where ADC specimens were compared directly to
their age- and gender-matched control sera (Fig. 1A). The AUC
value from miR-939 ROC analysis was 0.82, demonstrating a
significant (P = 0.0001) difference between ADC patients and
healthy controls (Table 3). Comparison of each ADC specimen
to the mean level of miR-939 in control sera showed an average
increase in ADC of 45.6 + 15.2-fold (Fig. 1B). Of note, the same
levels of miR-939 were detected in one ADC specimen when
compared with its matched control levels, while 3 (stage 3) sera
specimens had slightly lower levels of miR-939 compared with
control, reflecting a mean difference of 1.7 + 0.5 C.. Considering
the 4 disease stages, both matched-pair comparisons and com-
parisons of individual ADC specimen levels with the mean con-
trol level showed levels of circulating serum miR-939 increased in
Stage 2, with levels in Stage 3 decreasing substantially compared
with Stages 1 and 2, before increasing again in Stage 4 disease
(Figs. 2 and 3).

miR-616*

miR-616* was detected in 98% of ADC serum specimens. In
30% of matched specimens, miR-616* went from undetectable in
controls to being present in ADC. While miR-616* was within
detectable levels in 27 of control sera, in the majority (82.5%) of
matched specimens, the amounts were substantially higher level
(20 + 5.2-fold) in ADC compared with individual paired control
sera (Fig. 1A). The miR-616* AUC value from ROC analysis was
0.71, demonstrating a significant (2 = 0.001) difference between
ADC patients and healthy controls (Table 3). Compared with
mean of controls, the increased levels of miR-616* in ADC was
found to be 4.5 + 0.7-fold (Fig. 1B). Levels of miR-616* detect-
able in ADC serum did not consistently correlate with disease
Stage (Figs. 2 and 3).
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miR-146b-3p

miR-146b-3p was detected in 95% of ADC serum specimens.
In 51.5% of matched specimens compared, it went from unde-
tectable in controls to being present in ADC. In 5% of cases
this miRNA was absent from both the ADC and its matched
control specimen. Where miR-146b-3p was detected in both
ADC and control sera, the general trend was substantially higher
levels (44 + 12.3-fold) in ADC compared with age- and gender-
matched control sera (Fig. 1A). For miR-146b-3p, the AUC value
from ROC analysis was 0.82; demonstrating a significant (P =
0.0001) difference between ADC patients and healthy controls
(Table 3). This was reflected as 4.9 + 0.9-fold when compar-
ing individual ADC specimens that showed increased levels
of miR-146b-3p to the average levels in the controls (Fig. 1B).
Considering the 4 stages of ADC, as for miR-566, levels of circu-
lating miR-146b-3p increased in Stage 2 disease compared with
Stage 1. However, levels in Stage 3 and 4 decreased compared
with Stage 2 (Figs. 2 and 3).

miR-30c-1*

miR-30c-1* was detected, by qPCR, in 70% of ADC serum
specimens and in 28% of control sera. In 53% of cases, miR-
30c-1* went from undetectable in controls to being present
in ADC. When miR-30c-1* were detected in control serum,
in general the amounts present were substantially higher
(19.5 + 3.9-fold) in early stage ADC compared with their respec-
tive matched controls. Of note, in a limited number of matched
pairs (15%; 6/40) lower levels of miR-30c-1* were found in ADC
compared with matched control sera. Overall, however, the AUC
value from miR-30c-1* ROC analysis was 0.74 demonstrating a
significant (P = 0.00018) difference between ADC patients and
healthy controls (Table 3). Comparing increased levels of miR-
30c¢-1* in each ADC sera specimen, a mean increase of 4.3 + 0.8
was found compared with the average in controls. Again a minor-
ity (12.5%) of ADC specimens showed lower levels (2.1 £ 0.5)
of this miRNA compared with matched controls in early dis-
ease. Considering the 4 disease stages, as for a number of other
miRNAs evaluated, miR-30c-1* levels increase in stage 2 disease
compared with stage 1, with levels in stage 3 decreasing com-
pared with stage 2, before increasing again in stage 4 disease
(Figs. 2 and 3). Importantly, while miR-30c-1* was detectable in
only 70% of ADC specimens overall, its absence was restricted
to the earlier stages of the diseases and, importantly, miR-30c-1*
was detected in 100% of stage 4 specimens.

miR-339-5p

qPCR analysis confirmed that the levels of miR-339-5p were
substantially lower in serum from ADC patients compared with
that from healthy controls (Fig. 1C). Considering the individual
stages of disease, miR-339-5p was substantially lower in 40%
and 70% of the stage 1 and stage 2, respectively, and in 100%
of both stage 3 and stage 4 ADC serum specimens. The AUC
value from miR-339-5p ROC analysis was determined to be 0.6
(Table 3).

miR-656

qPCR analysis also validated our TLDA analysis of miR-656
i.e.,, miR-656 level was down in ADC serum specimens compared
with their age- and gender-matched control sera (Fig. 1D). This
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Table 3. AUC value from ROC analysis

Upregulated AUC Pvalue
miR-566 0.79 0.0001
miR-550 0.72 0.0006
miR-939 0.82 0.0001
miR-616* 0.81 0.0001

miR-146b-3p 0.71 0.001

miR-30c-1* 0.74 0.0002
Downregulated AUC Pvalue
miR-339-5p 0.6 0.1

miR-656 0.6 0.2

was found to be the situation in 40% of stage 1 specimens, 60%
of stage 2 specimens, and 70% of both stages 3 and 4. The AUC
value from miR-656 ROC analysis was 0.6 (Table 3).

Co-analysis of panel of miRNAs in all specimens

As all 6 miRNAs identified as potential panel members
(based on being increased in ADC sera vs. that in serum from
healthy controls) were not overexpressed in 100% of ADC
specimens, we co-assessed their expression. A minimum of 2
miRNAs and up to the maximum of all 6 miRNAs were overex-
pressed in any given ADC specimen. This emphasizes the rele-
vance of assessing all 6 miRNA. Considering all 6 miRNAs, the
AUC value from ROC co-analysis was 0.7, indicating a signifi-
cant (P < 0.0001) difference between ADC patients and healthy
controls. As shown in Figure 4A, co-analysis of the miRNAs
show a 13.8 + 2.9-fold increase levels in ADC compared with
control sera. Considering each stage of disease individually, this
was reflected in their increased levels in stage 2 compared with
stage 1, with reduced levels in stage 3 sera before increasing again
in stage 4. In the relation to the combination of two miRNAs
(miR-339-5p and miR-656) reduced in ADC sera, the AUC
value from ROC co-analysis was 0.6, indicating a significant
(P = 0.02) difference between ADC patients and healthy con-
trols. As shown in Figure 4B, co-analysis of the two miRNAs
show 110.7 + 77.7-fold decrease in levels in ADC compared with
control sera. Considering each stage of disease individually, this
was reflected in their decreased levels from stage 1 to stage 2 to
stage 3, with no substantially difference noted between stage 3
and stage 4.

Bioinformatics analysis

Pathway analysis was undertaken for all miRNA differentially
regulated in ADC compared with normal sera using DIANA
miRPath. This software was able to identify all the mRNAs tar-
geted by our differentially regulated miRNA and finally known
KEGG pathways associated with them and P value (Table S2).
Interestingly, among the statistically significant pathways, we
found pathways associated with cancer, various signaling path-
ways including Hedgehog signaling pathway, Wnt signaling
pathway, and TGF-f signaling pathway (Table S2). Association
of these differentially-regulated miRNA with range of tumors
were also studied using publically available data mined from

GEO (Table S3). GEO accession numbers were identified and
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Figure 2. Considering ADC tumor stages, miR-556, -550, -939, -616*% 146b-3p, and -30c-1*
were detected at substantially higher amounts in serum from stage 1 ADC patients (n = 10)
compared with their individually paired age- and gender-matched controls. The circulating
amounts of each of these miRNAs increased significantly again in stage 2 compared with stage
1, before decreasing again in stage 3 disease and then increasing again, to some extent, in
stage 4. Conversely, miR-339-5p levels were decreasing from stage 1 to stage 2 and then to
stage 3 with a lesser effect from stage 3 to stage 4; although this was not significant. A similar
trend was observed for miR-656 except that the reduced levels in stages 1 and 2 disease did not
differ significantly from each other. Graphs represent fold changes in ADC compared with their
individually paired age- and gender-matched controls (mean + SE).

was analyzed with GEO2R to obtain log fold-change and P value
(Table S3).
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Discussion

ADC of the lung is currently the single
biggest killer in cancer. Studies by us and
others strongly support a potential role for
RNAs as circulating minimally-invasive
biomarkers. In fact, a number of recently
published and emerging studies suggest that
miRNAs exist in sera that are associated,
in general, with non-small cell lung can-
cer. These include studies of between 5 and
467 miRNAs in plasma or serum assessing
NSCLC overall in cohort sizes ranging from
11 to 400 specimens,'®**?22¢ the largest study
analyzing 91 miRNAs in 400 NSCLC speci-
mens,” some of which are discussed in fur-
ther detail below. In what we believe to be the
initial study focusing on ADC, Rabinowits
et al.” isolated exosomes from plasma of 27
patients and 9 controls. While the exosomal-
contained miRNAs may not contain all cir-
culating miRNAs, the study by Rabinowits
et al.—along with the more general studies of
circulating miRNAs in NSCLC mentioned
above—indicate the importance and rele-
vance of progressing to more global profiling
discovery and subsequent validation to seek-
ing circulating miRNAs as diagnostic, prog-
nostic and/or predictive biomarkers.

Advancing on this, here we report
what we believe to be the first large study
(677 miRNAs) of circulating miRNAs spe-
cifically in ADC. Our study compared the
miRNA profile of ADC with age- and gen-
der-matched control sera. The main novel
findings of this study include the observa-
tion that there are >300 miRNAs detectable
in serum and although many (270-290)
miRNAs are present in serum from healthy
controls as well as ADC patients, a number
of miRNAs are differentially detected (based
on absent vs. presence or differential levels of
detection) under these circumstances. Here
we identified a group of 6 miRNAs that exist
at substantially higher levels in the ADC
compared with control sera. While the num-
bers of specimens from each disease stage are
too limited to derive a meaningful statistical
conclusion (40 total; 7 = 10 each for stages 1,
2, 3, and 4), the analysis frequently showed
increased amounts of these miRNAs to be
present in serum from patients with stage 2
disease compared with stage 1, with levels
frequently reduced in stage 3 before rising

again in stage 4. However, we are also very mindful of the lim-
ited numbers of specimens available for analysis at each disease
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agreement with a recent study by Heegaard
et al.,'® where no association was found
between gender and serum/plasma miRNA
profiles. However, compared with the
study by Chen et al.,' we detected many
more sera miRNAs overall, ie., approxi-
mately 390 and 370 miRNAs in ADC

and control sera, respectively. The greater
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identification and evaluation—and so the
numbers of miRNAs known to exist and
detectable—as well as that somewhat larger
cohorts of cases possible for us to evaluate.
Of note, Heegaard et al.'® reported consid-

Figure 3. Considering ADC tumor stages, miR-556, -550, -939, -616%, 146b-3p, and -30c-1* were
detected at substantially higher amounts whereas, miR-339-5p and miR-656 was downregulated
in serum from all stages of ADC patients compared with the mean detection level in the paired
age- and gender-matched controls; although a direct association was not found with disease
stage. Graphs represent fold changes in ADC compared with their individually paired age- and
gender-matched controls (mean + SE).

erable difference in miRNA levels (with
14 miRNAs significantly reduced in serum
from African American compared with European Americans) so
it is conceivable that, as with many genetic and phenotypic traits
associated with cancer, race may some way contribute to circulat-
ing miRNAs profiles; emphasizing the importance of increasing
the numbers of international collaborative studies in this field.
Overall, we believe that our work complements studies by Chen

www.landesbioscience.com

Cancer Biology & Therapy

et al.'® and Hu et al.,?* collectively adding to our understanding
of the numbers and scope of miRNAs in circulation.

In relation to disease biomarkers, assessing NSCLC over-
all as a single disease, Chen et al.”” evaluated 91 miRNAs and
identified 10 of these as potential biomarkers for NSCLC.
Importantly their study did not include analysis of the
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Figure 4. Co-analysis of miR-556, -550, -939, -616*, 146b-3p, and -30c-
1* shows significantly increased levels in ADC sera overall compared
with their collective levels in paired age- and gender-matched controls.
Increased levels of these 6 miRNAs were found in Stage 2 sera compared
with that in Stage 1, but fell again in Stage 3 before rising in Stage 4 (A).
Co-analysis of miR-339-5p and miR-656 showed reduced levels in ADC
sera overall compared with their combined levels in paired age- and
gender-matched controls (B). Graphs represent fold increase in ADC
compared with the mean levels in control sera (mean + SE).

6 miRNAs (miR-30c-1*, miR-616*, miR-146b-3p, miR-566,
miR-550, and miR-939) that we detail in this study of ADC.
Of the 10 miRNAs reported as differentially expressed,” miR-
199a-5p was found to be substantially (15.64-fold) increased in
NSCLC compared with control sera. In keeping with this, we
found miR-199a-5p to be present in ADC sera but absent from
control sera. The remaining 9 miRNAs reported by Chen et al.”
were not substantially different in our ADC and control sera.
Differences between these two observations are likely to be con-
tributed to by the fact that our study was specifically related
to ADC, while Chen et al.” reported on NSCLC in general
but they did not give consideration to the different subtypes of
NSCLC (including ADC).

Assessing 30 serum miRNAs in NSCLC compared with con-
trols, Heegaard et al."® observed reduced quantities of 7 miRNAs
including miR-221, let-7a, -155, 17-5p, -27a, -106a, and -146b.
Interestingly our analysis showed a similar trend for miR-221,
let-7a, 17-5p, -27a, and -106a.

For miR-155, we observed increased levels in stage 1 dis-
ease, but reduced levels for stages 2—4 inclusively (and so we did
not consider this to be one of the most relevant miRNAs from
our study). The discrepancy with miR-155 between the study
by Heegaard et al. and the work presented here may, again, be
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actributed to the disease being analyzed (NSCLC collectively vs.
ADC) and the stage of disease, i.c., Heegaard et al.'® included
stages 1 and 2 of NSCLC, while we considered all 4 stages of
ADC. Of note, in a study of serum from 35 lung cancer patients
(including 18 small cell lung cancers and 9 NSCLC, but the sub-
types were not defined), Roth et al.?! reported levels of miR-155
to be significantly higher in lung cancer compared with benign
disease.

Our data on miR-146b conflicted with that found by
Heegaard et al,, i.e., miR-146b levels were substantially increased
in our ADC but reduced in the NSCLC analyzed by Heegaard
et al. However, as Heegaard et al. correctly outline, this miRNA
has previously been reported as increased in cancerous tissue?>%
supporting its likelihood to be increased as we observed in ADC
serum, rather than decreased in serum from cancer patients.
Recently Malleter et al.?* also reported overexpression of miR-
146b in NSCLC-NG6 cells and associated with carcinogenesis of
lung cancer. A panel of 6 miRNA classifiers for predicting recur-
rence in stage 1 lung cancer was reported that included miR-
30c¢-1* and miR-146b-3p.*13*

Multiple signaling pathways were affected by our differen-
tially-regulated miRNA including Hedgehog signaling pathway,
Whnt signaling pathway, and TGF-f signaling pathway. These
pathways have been associated with lung carcinogenesis (Wnt
signaling pathway),” cell invasion (TGF-@ signaling pathway),*
and maintaining progenitor cells in lung cancer (Hedgehog sig-
naling pathway).”

Conclusion

In what we believe to be the first reported global profiling
of serum from ADC and control patients, we report many hun-
dred miRNAs to exist in the circulation. Furthermore, from this
analysis we have identified 6 miRNAs at substantially higher
levels—and 2 miRNAs at substantially lower levels—in ADC
sera compared with control; which could potentially contribute
to a panel of minimally-invasive circulating biomarkers for ADC
diagnosis. Breaking down the cohort of ADC specimens into dis-
ease stages showed a tendency for increased levels particularly in
earlier Stages of disease; suggesting that they may have particular
relevance for early diagnosis. However, as numbers of specimens
available for each stage analysis was limited, this observation in
relation to tumor stages would need to be advanced to larger
cohort to assess this further. While independent validation in
much larger cohorts (including both A and B tumor sub-stages),
we believe that the data presented in this study adds novel infor-
mation to this field of circulating miRNAs and the quest to iden-
tify biomarkers for diagnosis and, ultimately, more personalized
management of cancer patients.

Material and Methods

Patient characteristics

The study involved analysis of 667 miRNAs in 80 serum
specimens. Forty specimens were procured from consenting
patients who were diagnosed with adenocarcinoma (ADC) of
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the lung. Serum specimens from 40 age-, gender-, and BMI-
matched healthy volunteers were analyzed as controls. Ethics
approval was obtained for these studies and all patients gave
informed consent.

RNA extraction

RNA was isolated from 250 pL of each serum specimen,
after passing it through a 0.45 pm-filter. Specifically, RNA was
extracted with TriReagent (Sigma, T9424) using a modification
of the procedure that we previously reported.” RNA was sub-
sequently assessed at 230, 260, and 280 nm using a Nanodrop
ND-1000 (Labtech International).

Global analysis of miRNAs

Global profiling of miRNA expression was performed using
TagMan low density arrays (TLDAs; Applied Biosystems
(4398965, 43989606) representing 667 miRNAs on 2 array card/
TLDA panel A (377 miRNAs) and panel B (290 miRNAs).
c¢DNA was prepared from 3 pL RNA (25 ng/pL) according
to the ABI microRNA TLDA Reverse Transcription Reaction
protocol. The cDNA product (2.5 wL per specimen) was pre-
amplified according to the ABI TLDA pre-amplification pro-
tocol (Applied Biosystems; 4399233, 4399201). The amplified
product was then quantified using an Applied Biosystems
7900 HT Real-Time PCR system. For initial screening, pooled
specimens (equal quantities) of RNA for each cancer stage vs.
pooled specimens of each set of matched controls were evalu-
ated. Subsequent to the success of this step, individual speci-
mens were analyzed.

Real-time quantification of micro-RNAs

Validation of miRNAs by single and co-analysis was performed
using qPCR analysis (Applied Biosystems). This assay includes
a reverse transcription (RT) step using the TagMan microRNA
reverse transcription kit. Briefly, the RT reaction consisted of
1.5 wL 10x RT Buffer, 0.15 pL dNTPs 100 mM, 0.19 pL RNase
Inhibitor 20 U/pL, 1.0 MultiScribe reverse transcriptase, 3 L
of primer, and 5 ng total RNA in a final volume of 15 nL. The
reaction was then incubated in using a 7900 HT Real-Time PCR
system for 30 min at 16 °C, 30 min at 42 °C, 5 min at 85 °C, and
then held at 4 °C. The RT products were subsequently ampli-
fied with sequence-specific primers using the Applied Biosystems
7900 HT Real-Time PCR system. The 20 L. PCR mix contains
1.33 pL RT-product, 1 pL TagMan Universal PCR Master Mix
(20%), 1 nL TagMan probe. The reactions were incubated in a

96-well plate at 95 °C for 10 min followed by 40 cycles of 95 °C
for 15 s and at 60 °C for 1 min.

Data analysis

The ABI TagMan SDS v2.3 software was utilized to obtain
raw C values. As each TLDA was performed for a given speci-
men (7 = 80) based on fixed, constant quantities of RNA in each
case, to avoid introducing any bias at this stage, the raw C__data
(SDS file format) were exported from the Plate Centric View. For
analysis of TLDA data, values for each specimen were normal-
ized to the mean of the C values. Fold changes in ADC serum
vs. control serum were thus determined by the AC method as
described previously, i.e., cycle threshold (C) ADC — (C.) con-
16192036 Eycel and SPSS 16.1 statistics packages were used. To
assess sensitivity and specificity, receiver operating characteristic
(ROC) curves were created using GraphPad.

Bioinformatics analysis

Web-based computational tool DIANA miRPath v2.0 was
used to identify potential altered molecular pathways and gene
transcript by the expression of each miRNA.* FDR correction was
used for all miRNA except miR-146b-3p that enables false dis-

covery rate correction (Benjamini and Hochberg) to the resulting

trol.

significance level. microI-CDS was used for pathway enrichment
analysis that provide higher sensitivity and uses only the 3'-UTR
target sites. We also identified association of each miRNA with
various tumors using data sets from GEO omnibus repository.
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