
Improved Discrimination
of Patients with Breast
Cancer from Healthy
Controls Using Paper-
Based microRNA
Expression Profiling of
Plasma, Following
Precipitation

To the Editor:

Breast cancer is a frequently diag-
nosed solid tumor in women world-
wide (1 ). MicroRNAs (miRNAs),
small noncoding RNAs that regulate
protein expression, are potential bio-
markers in the diagnosis, prognosis,
and prediction of response to treat-
ment in breast cancer (2). We recently
reported a paper-based method to ex-
tract miRNAs from plasma and cir-
culating tumor cells (3 ). Here, we
applied this method to plasma of pa-
tients with breast cancer and age-
and gender-matched healthy con-
trols, after treating the plasma with a
commercial exosome isolation kit
employing a nonspecific precipita-
tion step; we compared the miRNA
expression profiles from the plasma
with and without the use of the pre-
cipitation method.

After informed consent and insti-
tutional approval, we obtained pe-
ripheral blood samples from 9 patients
with breast cancer and 9 healthy con-
trols. Plasma was isolated by centrifu-
gation at 3000 g for 10 min and stored
at �80 °C. All plasma samples were
visually inspected to exclude any dis-
cernible hemolysis. Then, 60 �L of
Total Exosome Isolation reagent
(Thermo Fisher Scientific) was
added to 300 �L of plasma, vortex-
mixed, and centrifuged at 10000g
for 10 min. The pellet was resus-
pended in 10 �L of PBS and spotted
onto a 5.5 mm � 11mm FTA™
Elute MicroCard (Whatman™; GE
Healthcare). The FTA Elute Micro-
Card was washed in 70% ethanol for

5 min, and total RNA was eluted
in 15 �L of diethylpyrocarbonate
(DEPC)-treated water (Ambion) at
95 °C for 30 min. Total RNA was
extracted from plasma using the
FTA Elute MicroCard (3 ). Reverse
transcription real-time quantitative
PCR (RT-qPCR) analysis of miRNA
expression was performed using
IDEAL miRNA assays (MiRXES)
(3). Owing to highly limited patient
samples, biological replicates could
not be performed, but the PCR am-
plification of the total RNA ex-
tracted from each sample was per-
formed in duplicates. Biological
replicates, using plasma aliquots
from healthy volunteers, produced
similar cycle quantification (Cq)
values (difference in Cq � 0.7). The
Cq values were obtained by use of
the 7500 software v2.05 (Thermo
Fisher) with automatic baseline and
threshold settings. Only Cq values
�35 were used, without modifica-
tion; Cq values that were above 35
were taken as 35 for calculation.
Normalization was performed by
calculating the mean Cq of all
miRNAs detected for each individ-
ual and by normalizing all individu-
als to the lowest mean Cq. Because of
the limited quantities of patient sam-
ples, we were unable to perform tech-
nical validation of the RT-qPCR
method using alternative methods.

We investigated the expression
profiles of 30 plasma miRNAs with
known potential roles in breast can-
cer. Of the 30 miRNAs studied, 15
miRNAs had Cq values well below 35
in both patients and controls. miR-16
(hsa-miR-16-MI0000070), miR-106b
(hsa-miR-106b-MI0000734), miR-
222 (hsa-miR-222-MI0000299),
and miR-486-5p (hsa-miR-486-
MI0002470) exhibited the highest
discrimination between patients
with breast cancer and healthy con-
trols in the plasma precipitates (Fig.
1A). A Mann–Whitney U (two-
tailed) analysis showed statistical sig-
nificant differences for miR-16 (P �
0.002), miR-106b (P � 0.0135),
and miR-486-5p (P � 0.0047) ex-

pression between patients with can-
cer and controls, but not for miR-
222 (P � 0.1118). Notably, the
precipitation technique improved
discrimination in miRNA expres-
sion profiles between patients with
breast cancer and controls compared
to those from the primary whole
plasma, with substantially reduced
overlap in Cq values (marked out in
dotted boxes) of all 4 miRNAs (Fig.
1A). Principal component analysis
demonstrated significantly better
discrimination between patients
with cancer and controls for the
miRNAs obtained from the precipi-
tate compared to primary plasma
(Fig. 1B). There was an increase in
the areas under the receiver operator
curves (AUROCs), calculated using
SPSS16 (IBM), for all 4 miRNAs ob-
tained from the precipitate (miR-16:
0.938, miR-106b: 0.852, miR-486-
5p: 0.901, and miR-222: 0.728)
compared to the corresponding AU-
ROCs from the primary plasma
miRNAs (miR-16: 0.821, miR-
106b: 0.790, miR-486-5p: 0.841,
and miR-222: 0.660).

mir-16, mir-106b, and miR-
486-5p have been reported to be
highly expressed in blood cells, and,
thus, may be affected by hemolysis
(4 ). Substantial hemolysis has been
reported without visible color
change in plasma (5 ); therefore, it
may not be possible to limit the in-
fluence of hemolysis in this study.
Interestingly, despite this risk, these
miRNAs gave the best discrimina-
tion between patients with cancer
and controls. Also, miR-16 and miR-
486 are among the most widely used
miRNAs for normalization, thus
necessitating the use of alternative
miRNAs for normalization. While
this pilot study involves only a small
number of patients, our observation
suggests that the precipitation tech-
nique, coupled to our paper-based ex-
traction procedure (3), may increase
the sensitivity of circulating miRNAs
as a biomarker for breast cancer.© 2017 American Association for Clinical Chemistry
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Fig. 1. Violin plots of free circulating miR-16, miR-106b, miR-222, and miR-486-5p from plasma and precipitates in patients with
breast cancer and healthy controls (A). Principal component analysis of the 4 miRNAs (miR-16, miR-106b, miR-222, and miR-486-
5p) in patients with breast cancer and healthy controls in plasma and in the plasma precipitates (B).
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Prevalence of Rare
Hemoglobin Variants
Identified During
Measurements of Hb A1c by
Capillary Electrophoresis

To the Editor:

Hemoglobin (Hb)1 variants represent
a challenge to the validity of measure-
ments of Hb A1c. Hb variants can
falsely increase or decrease reported
Hb A1c results, depending on the
measurement procedure used (1, 2).
Moreover, Hb A1c results in patients
who harbor an Hb variant can be clin-
ically misleading if the variant alters
the lifespan of erythrocytes. The ef-
fects of common hemoglobin variants
(Hbs C, D, E, F, and S) on some
measurement procedures for Hb
A1c have been documented (2, 3 ),
including a recent study in Clinical
Chemistry (4 ). More than 1000
other, rarer hemoglobin variants
have been identified, however, and
little is known about the effects of
most of these variants on measure-
ment procedures for Hb A1c.

Rare hemoglobinopathies, al-
though rare individually, may be en-
countered more frequently than is
usually appreciated. During a 14-
month period after moving Hb A1c

measurements from an HPLC-based
measurement procedure (Tosoh G7)
to a capillary electrophoresis (CE)-
based measurement procedure (Sebia
Capillarys Flex Piercing) at the Uni-
versity of Virginia Health System, the
CE procedure identified 17 patients
(prevalence � 0.06%) with evidence

of rare hemoglobin variants (Table 1).
Samples from 12 out of 17 patients
with suspected hemoglobinopathies
were available for sequencing; hemo-
globin variants were identified in all
12. Variants in 2 additional patients
were presumptively identified by
matching the electropherogram with
one of the sequencing-confirmed he-
moglobin variants for a total of 14 pa-
tients with a confirmed or presump-
tively identified hemoglobinopathy.
Among the total group of 17 patients
with suspected hemoglobinopathies,
11 had been tested previously by the
HPLC-based method; the HPLC
method had detected the presence of a
variant in only 1 of the 11 patients. We
concluded that the resolving power of
the CE-based method allowed recog-
nition of hemoglobin variants that
were not resolved by the HPLC-based
method used here. Further studies are
needed to determine whether other
HPLC-based measurement proce-
dures behave similarly and to elucidate
the effects of “rare” variants on the Hb
A1c results reported by HPLC-based
and other measurement procedures.

The prevalence of hemoglobi-
nopathies varies among populations,
and a recent Editorial in Clinical
Chemistry addressed the issue of he-
moglobin A1c and race (5). In thepres-
ent set of findings, blacks appeared to be
overrepresented (35%) among the pa-
tients with hemoglobin variants (Table
1); by contrast, the proportion of blacks
in the Virginia population served by this
medical center is 15%. This supports
the need to pay particular attention to
the interpretation of Hb A1c measure-
ments in certain populations even when
measurement procedures are used that
identify the common hemoglobin
variants.

We suggest that rare hemoglo-
binopathies are more prevalent
than indicated by the frequency of
their identification by the HPLC
method used in this study for the
measurement of Hb A1c. Further,
previous studies of Hb A1c may
have underestimated the preva-
lence of hemoglobinopathies, par-

© 2017 American Association for Clinical Chemistry
1 Nonstandard abbreviations: IS, international standard;

BKV, BK virus; ddPCR, digital droplet PCR.
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