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compared with miR-33"/"Apoe™/~ mice (P=0.0066; Fig- that only the HDL-C level differed between the serum of
ure 3A and 3B). The «SMA-positive area was also significantly miR-33""*Apoe™~ and miR-33"/"Apoe™/~ mice. Serum
reduced in miR-337/~Apoe™/~ mice (P=0.025 Figure 3C and apoA-l levels are shown in Figure 4D. To assess the cholesterol
3D). However, no difference was noted in the collagen area efflux capacity of the serum, cholesterol efflux via apolipoprotein
(Figure 3E and 3F). There was a significant reduction in B (apoB)-depleted serum was measured using *H-cholesterol-
lesional apoptosis, as measured by anti-ssDNA staining labeled J774 mouse macrophages. The mean values of serum
(P=0.0493; Figure 3G and 3H). These results indicated that HDL-C used in this experiment were 17.8+1.4 versus 19.5+1.8
a deficiency of miR-33 decreased atherosclerotic plaque size mg/dL in males and 10.24£0.5 versus 17.3+1.7 mg/dL in
and lipid content and reduced the accumulation of macro- females (miR—33+/+Apoe'/* versus miR-337/"Apoe™~ mice,
phages and T cells in atherosclerotic plaques. n=6 for each group). ApoB-depleted serum from miR-337/~

Apoe™’~ mice significantly promoted cholesterol efflux in 774
. . macrophages (Figure 4E). These results indicated that defi-
MiR-33 Deficiency Increased HDL-C ciency of miR-33 elevated serum cholesterol efflux capacity,
We previously reported that miR-337/" mice showed 22% to possibly through the elevation of HDL-C levels.
39% higher serum HDL-C levels than wild-type mice.?? We
measured HDL-C levels in the serum of miR-33"/*Apoe™/~ and
miR-33"/"Apoe ™/~ mice at the time of euthanization by
the standard method. HDL-C was significantly elevated in

Peritoneal Macrophages From MiR-337/ “Apoe™ /™
Mice Showed Improved Cholesterol Efflux

miR-337/~ Apoe /™ mice compared with miR-33"/*Apoe™/~ To characterize the function of macrophages in cholesterol
mice of both sexes (Figure 4A). We further classified and efflux, thioglycollate-elicited peritoneal macrophages (PEMs)
quantified serum lipoproteins by high-performance liquid chro- were isolated from mice. Previously, we and others have shown
matography (HPLC). Representative results of the HPLC elution that miR-33 targeted the 3’ untranslated region (UTR) of Abca’
profile of serum of both sexes are shown in Figure 4B and 4C, and Abcg1.'%"8#2 mRNA expression of ABCA1 and protein
and lipid profiles are summarized in Table 1. These results show expression of ABCA1and ABCG1 were significantly increased in
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Figure 4. miR-33 deficiency increased HDL-C. A, Serum HDL-C levels determined by standard methods in miR-33*/*Apoe™~ and miR-33"/~
Apoe“/_ male and female mice. Values are mean+SE (male, n=22; female, n=11 each); **P<0.01. B, Representative HPLC analysis of serum
cholesterol from male miR-33"/*Apoe™"~ and miR-337/"Apoe™’~ mice. C, Representative HPLC analysis of serum cholesterol from female miR-
33"*Apoe™"~ and miR-337/"Apoe™/~ mice. D, Serum apoA-l levels in miR-33"/"4poe™/~ and miR-337/~Apoe™/~ mice; *P<0.05. E, Cholesterol
efflux via apoB-depleted serum from miR-33"/"Apoe™"~ and miR-33"/~Apoe™~ mice using *H-cholesterol-abeled J774 mouse macrophages.
Values are mean£SE (n=6 each); **P<0.01. HDL-C indicates high-density lipoprotein cholesterol; HPLC, high-performance liquid chromatography.
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Table 1. Serum Lipid Profiling of MiR-33"/*Apoe™/~ and MiR-337/~Apoe /~ Mice by HPLC

TC, mg/dL 705.3+72.1 768.4+45.2 598.9+88.8 574.2+70.0
CM (1 to 2), >80 nm 129.2+21.6 157.9+19.8 124.6+20.9 138.6+28.11
VLDL (3 to 7), 30 to 80 nm 419.5+44.1 450.9+30.0 353.6+51.7 322.1£36.4
Large VLDL (3 to 5) 279.3+32.2 316.4+24.9 245.1+35.1 230.2+29.5
Medium VLDL (6) 100.5+9.8 96.77+5.67 79.04+12.17 66.3746.15
Small VLDL (7) 39.74+3.31 37.75+1.47 29.47+4.87 25.6:+2.12
LDL (8 to 13), 16 to 30 nm 133.8+14.9 126.4+5.23 103.0+16.2 90.81+6.72
Large LDL (8) 47.47+4.40 44.05+1.53 36.58+6.03 31.60+2.61
Medium LDL (9) 39.93+4.56 36.35+1.71 31.99+5.26 27.53+2.11
Small LDL (10) 25.63+3.42 24.72+1.49 19.78+3.05 17.36+1.23
Very small LDL (11 to 13) 20.75+2.75 21.25+1.19 14.65+1.89 14.33+1.27
HDL (14 to 20), 8 to 16 nm 22.79+1.28 33.21£2.51* 17.62+0.73 22,7142 52*
Very large HDL (14 to 15) 3.04+0.39 3.66+0.17 3.57+0.42 3.89:+0.56 |
Large HDL (16) 5.88+0.63 9.39:+0.87** 4.00+0.28 5.29+0.47*
Medium HDL (17) 8.04:+0.71 11.88+1.21% 4.49+0.36 6.79+0.26™
Small HDL (18) 2.61+0.12 3.73+0.30* 2.16+0.13 2.87+0.36
Very small HDL (19 to 20) 3.23x0.25 4.55+0.27** 3.40+0.45 3.87+0.61
TG, mg/dL 39.94+8.29 48.32+10.14 17.60+1.44 24.75+5.19

Values are mean=SEM. After a 4-hour fast, blood was obtained from mice fed a WTD for 16 weeks (male, n=6 each; female, n=>5 each). The serum was analyzed by HPLC, as described in
Methods. TC indicates total cholesterol; TG, triglyceride; CM, chylomicrons; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

*P<0.05, **P<0.01 compared with miR-33"/*Apoe™"~ mice.

PEMs from miR-337/~Apoe™’~ mice compared with PEMs
from miR-33"/*Apoe™/~ mice (Figure 5A and 5B). To test the
hypothesis that enhanced cholesterol efflux in macrophages
contributed to the reduction in the development of atheroscle-
rosis in miR-33"/"Apoe™/~ mice, cholesterol efflux to apoA-|
and HDL-C was measured using *H-cholesterol-labeled acety-
lated low-density lipoprotein (acLDL). Both apoA-I- and HDL-C-
mediated cholesterol efflux were significantly elevated in
macrophages from miR—33_/'Apoe*/* compared with mac-
rophages from miR-33"/*Apoe ™/~ mice in a dose-dependent
manner (Figure 5C and 5D). These results indicate that miR-33
deficiency improved macrophage cholesterol efftux by increas-
ing the expressions of macrophage ABCA1 and ABCG.

MiR-33 Deficiency Affected Circulating
Monocytes and Lesional Macrophages

Our findings thus far indicate that miR-33 deficiency reduced
the accumulation of inflammatory cells in atherosclerotic
plaque. We then examined whether miR-33 deficiency influ-
enced the monocyte count or subset frequency in peripheral
blood. The total leukocyte count in miR-33"/~Apoe ™~ mice
was significantly less than that in miR-33"/*Apoe™'~ mice

(Figure 6A). Blood monocyte subsets were discriminated by
flow cytometry on the basis of their expression of CD115 and
Ly6C.%¢ The frequency of proinflammatory Ly6C™&" mono-
cytes in miR-337/"Apoe™/~ mice was significantly higher
than that in miR-33"/*Apoe™~ mice (Figure 6B through 6E).
We further measured iNOS, interleukin (IL)-6, and IL-10
expression in atherosclerotic plaque by immunohistochemis-
try. As shown in Figure 7A and 7B, the iNOS-positive area in
atherosclerotic plaque in miR—33_/_Apoe_/_ mice was
significantly less than that in miR-33"*4poe™~ mice
(P=0.0057). On the other hand, no differences were observed
in IL-6 and iL-10 immunostaining (Figure 7C through 7F). We
also characterized miR-337/"Apoe ™/~ macrophages by ana-
lyzing the expression of classically activated or proinflamma-
tory (M1) and alternatively activated or anti-inflammatory (M2)
macrophage markers using mouse PEMs. A previous article
indicated that the inhibition of miR-33 by antisense oligonu-
cleotide enhanced M2 marker expression in macrophages.'”
However, our experiments indicated that the mRNA levels of
both M2 markers such as /L-70 and Chi3/3 mRNA and an M1
marker such as /L-6 in PEMs from miR-33"/"Apoe™~ mice
were significantly elevated compared with those from
miR-33"/*Apoe™/~ mice (Figure 7G). Overall, these results
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Figure 5. miR-33 deficiency improved cholesterol efflux in macro-
phages. A, Quantitative real-time PCR analysis of Abcal and Abcg1 in
macrophages from miR-33"/"4poe™/~ and miR-337/"Apoe™/~
mice. Values from miR-33*/"Apoe™/~ were set at 100%. Values
are mean+SE (n=7 each); ***P<0.001. B, Western blotting analysis
of ABCA1 and ABCG1 in thioglycollate-elicited peritoneal macro-
phages from miR-33"""Apoe™~ and miR-33"/"Apoe™’~ mice.
GAPDH was used as a loading control. C, Cholesterol effiux from
thioglycollate-elicited peritoneal macrophages in the presence or
absence of apoA-l (5 or 10 ug/mL). Values are mean+SE (n=6 each);
*#P<0.01. D, Cholesterol efflux from thioglycollate-elicited peritoneal
macrophages in the presence or absence of HDL-C (50 or 100 ug/
mL). Values are mean+SE (n=6 each); **P<0.01.

demonstrate that a loss of miR-33 may have affected multiple
pathways in both pro- and anti-inflammatory processes.
Moreover, we analyzed adhesion molecule expression by
immunostaining. As shown in Figure 8A and 8B, the VCAM-1-
positive area in atherosclerotic plaque in miR-33"/"Apoe™/~
was significantly less than that in miR-33"/*4poe™/~ mice
(P=0.0008). The ICAM-1-positive area in miR-33~/~Apoe ™/~
mice tended to be less than that in miR-33"/*Apoe™/~ mice
(P=0.127), shown in Figure 8C and 8D.

MiR-33 Target Genes Were Altered in the Livers
of MiR-33"/" Mice on an Apoe™ /™ Background

It has already been shown that miR-33 targets several genes
that affect cholesterol and fatty acid synthesis. We measured
the mRNA and protein levels of ABCA1, CROT, and CPT1ain the
livers of these mice. As shown in Figure 9A through 9C, mRNA
of CROT and protein levels of ABCA1 and CROT in miR-337/~
Apoe™/™ mice were significantly elevated compared with those
in miR-33"/*Apoe™/~ mice. No differences were observed in
CPT1a and AMPKa expressions. Next, we measured the lipid

content in the liver. However, there was no difference in
total cholesterol, free cholesterol, cholesterol ester, or triglyc-
eride levels in the livers of miR-33"/*4poe™/~ mice and
miR-33"/"Apoe ™/~ mice (Figure 9D). No apparent changes in
histology were observed in the livers of these mice, as shown by
HE staining (Figure 9E). Moreover, we measured the level of
RIP140 (NRIP1), which has been shown to be one of the targets
of miR-33 in macrophages of these mice.®” Protein level of
RIP140 in miR-33"/~Apoe™/~ macrophages was significantly
increased compared with that in miR-33*/"Apoe™"~ macro-
phages (Figure 9F through 9H), which may be one of the
reasons why the expression of inflammatory cytokine such as
IL-6 in PEMs of miR-337/"Apoe™’~ mice was increased
compared with that in miR-33"/*4poe™~ mice.*®

Loss of MiR-33 in Blood Cells Did Not Alter Serum
HDIL-C Levels

The results of these experiments show that both the rise in HDL-
C level and the improvement in macrophage cholesterol efflux
may have contributed to the reduction in atherosclerotic
plaques. To elucidate the contribution of miR-33 in macrophag-
es to the development of atherosclerosis in vivo, we used bone
marrow transplantation (BMT) to generate Apoe™’~ mice
selectively deficient in leukocyte miR-33. Male mice with
miR-33"""Apoe™/~ or miR33™/ ~Apoe™/~ genotypes (8 weeks
old) were used as bone marrow (BM) donors. BM recipients
were female miR-33"/*Apoe™/~ mice (8 weeks old). Thus, all
the mice used for BMT had an Apoe™/~ background. After BMT,
mice were fed NC for 4 weeks and then switched to a WTD for
12 weeks. At age 24 weeks, mice were euthanized and
analyzed (Figure 10A). Successful hematopoietic reconstitu-
tion after BMT was confirmed by PCR amplification of the whole-
blood genome 4 weeks after BMT and by PCR amplification of
the BM and tail genomes at the time of euthanization. MiR-33
was barely detectable in BM cells from miR-337/~Apoe™/~ BM
recipients by quantitative PCR analysis for miR-33 (data not
shown). The serum lipid profile of recipient mice is shown in
Table 2. Serum HDL-C levels of miR-33"/*Apoe™"~ BM recip-
ients were the same as those in miR-337/"Apoe™/~ BM
recipients, which were similar to the levels in miR-33"/"Apoe ™/~
mice in Figure 4A. These results indicated that miR-33
expression in macrophages did not contribute to serum
HDL-C levels, which is consistent with the results that the liver
and intestine are the major sources of HDL-C.3%4°

MiR-33"""Apoe™”" Mice Transplanted With
MiR-33"/"Apoe™/~ BM Had Reduced Lipid
Accumulation in Atherosclerotic Plaque

After mice were fed a WTD for 12 weeks, atherosclerotic
lesions in the proximal aortas were measured. Atherosclerotic
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Figure 6. miR-337/"Apoe™’~ mice had reduced leukocyte numbers in peripheral blood and a greater Ly-éChigh monocyte subset compared
with miR-33"/"Apoe™"~ mice. A, Leukocyte count in peripheral blood in miR-33*/"Apoe™/~ and miR-33~/~Apoe™"~ mice. Values are mean+SE
(n=15 to 16 each); *P<0.05. B, Numbers of monocyte in peripheral blood in miR-33"/*Apoe™"~ and miR-33"/"Apoe™/~ mice. Values are
mean+£SE (n=9 each). C, Scheme for gating of monocytes using an anti-CD 115 antibody, and representative dot plots showing the quantification
of Ly-6C™&" and Ly-6C'®" monocyte subsets in miR-33"/*4poe™~ and miR-337/~Apoe™~ mice. D, Proportion of the Ly-6C"&" monocyte subset
to total monocytes in miR-33"/*Apoe ™~ and miR-33~/~Apoe~/~ mice. Values are mean+SE (n=9 each.); *P<0.05. E, Proportion of the Ly-6C'*"

+/+

monocyte subset to total monocytes in miR-33

plaque formation in mice transplanted with miR-33"/"Apoe™’
BM tended to be reduced compared with that in mice
transplanted with miR-33"*Apoe™/~ BM, but this difference
was not statistically significant (P=0.12, 0.53+0.028 versus
0.46:+0.033 mm?; Figure 10B and 10C). On the other hand,
the quantification of lipid accumulation by oil red O staining
showed a significant decrease in mice transplanted with
miR-33"/~Apoe~/~ BM compared with mice with miR-33"/*
Apoe~/~ BM (P=0.020, 3.0:0.4% versus 1.9+0.2%; Figure 10D
and 10E). The CD68-positive area is shown in Figure 10F and
10G (P=0.09, 19.5+2.6% versus 26.6+2.6%). These results
showed that loss of miR-33 in blood cells reduced the lipid
content of atherosclerotic plaque.

Free Cholesterol-Induced Apoptosis Was
Reduced in PEMs From §\§§R~33‘“/“Apoe“/“ Mice
Compared With MiR-33"""Apoe™/" Mice
Because mice transplanted with miR-33"/"Apoe™’~ BM

showed reduced lipid accumulation in atherosclerotic plaque
compared with mice transplanted with miR-33"/"Apoe™"~

Apoe™/~ and miR-337/"Apoe™’~ mice. Values are mean+SE (n=9 each).

BM, we analyzed free cholesterol (FC)—induced apoptosis in
PEMs by treating macrophages with acLDL and acyl-CoA:
cholesterol acyl-transferase (ACAT) inhibitor. Figure 11A
shows the results of annexin V staining of PEMs with and
without acLDL plus ACAT inhibitor treatment. Annexin V-
positive cells were significantly increased in PEMs from miR-
33"*Apoe™/~ mice compared with those from miR-337/~
Apoe™’~ mice after FC loading (Figure 11B). Cleaved cas-
pase-3 was also increased in PEMs from miR-33*/*Apoe ™/~
mice compared with those from miR-337/"Apoe™/~
after FC loading (Figure 11C).

mice

of MiR-33"""Apoe /" or MiR-33"/"Apoe ™/~
Showed Only a Slight Increase in HDL-C Levels
Compared With MiR-33"/"Apoe™/~ Mice
Transplanted With BM of MiR-33"""4poe™ ™ or
MiR-33"/"Apoe™/~

Previous experiments indicated that loss of miR-33 in blood
cells reduced lipid accumulation in atherosclerotic plaque.
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Figure 7. miR-33 deficiency reduced the iNOS-positive areas in
atherosclerotic plaque and induced coordinated M1 and M2 marker
expression in PEMs. A, Representative microscopic images of
immunohistochemical staining for iNOS in male mice. Scale bars:
1 mm (upper), 100 um (lower). B, Quantification of the iNOS-positive
area in cross-sections of proximal aorta in male mice. Values are
mean+SE (n=10 each); ***P<0.001. C, Representative microscopic
images of immunohistochemical staining for IL-6 in male mice. Scale
bar: 1 mm. D, Quantification of the IL-6-positive area in cross-
sections of proximal aorta in male mice. Values are mean+SE (n=10
each). E, Representative microscopic images of immunochistochem-
ical staining for IL-10 in male mice. Scale bar: 1 mm. F, Quantifi-
cation of the IL-10-positive area in cross-sections of proximal aorta in
male mice. Values are meanSE (n=10 each). G, Quantitative real-
time PCR analysis of proinflammatory (M1) and anti-inflammatory
(M2) markers in residual PEMs from miR-33"/*4poe™/~ and miR-
337/~ Apoe™’~ mice. Values from miR-33"/*Apoe™"~ mice were set
at 100%. Values are mean£SE (n=7 each); *P<0.05.

Next, to determine the contribution of miR-33 deficiency to
atherosclerosis in BM recipients, we transferred BM of miR-
33"*Apoe™~ or miR-33"/"Apoe™/~ mice to miR-337/"
Apoe™’~ mice in the same way as in the previous BMT
experiments (Figure 12A). However, the HDL-C levels in miR-
337/"Apoe™/~ mice transplanted with BM of miR-33"/"
Apoe™’~ or miR-33"/"Apoe™/~ (Table 3) showed only a
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Figure 8. miR-33 deficiency reduced the VCAM-1-positive area in
atherosclerotic plaque. A, Representative microscopic images of
immunohistochemical staining for VCAM-1 in male mice. Scale bars:
1 mm (upper), 100 um (lower). B, Quantification of the VCAM-1-
positive area in cross-sections of proximal aorta in male mice. Values
are mean=SE (n=10 each); ***P<0.001. C, Representative micro-
scopic images of immunohistochemical staining for ICAM-1 in male
mice. Scale bars: 1 mm (upper), 100 um (lower). D, Quantification of
the ICAM-1-positive area in cross-sections of proximal aorta in male
mice. Values are mean+SE (n=10); P=0.127.

slight increase compared with miR-33"/"Apoe™"~ mice
transplanted with BM of miR-33"/*Apoe™~ or miR-337/~
Apoe™/~ (Table 2). Therefore, it was impossible to observe an
effect of HDL-C elevation caused by the loss of miR-33 on
atherosclerosis in recipients that had the same type of blood
cells (Figures 10 and 12).

MiR-33"/"Apoe™/~ BM Had Reduced Lipid
Accumulation in Atherosclerotic Plaque

We also observed the effect of loss of miR-33 in BMT
experiments in miR-33"/"Apoe /™ recipients. Atheroscle-
rotic plaque formation in miR-337/" Apoe™’ “mice trans-
planted with miR-SS_/_Apoe‘/' BM was comparable with
that in miR-337/~ Apoe™ “mice transplanted with miR-33"/*
Apoe™’~ BM (0.4640.023 versus 0.42+0.020 mm?; Fig-
ure 12B and 12C). Although the area of lipid accumulation
in miR-337/"Apoe™/ “mice transplanted with miR-337/~
Apoe™’~ BM was significantly reduced compared with that
in  miR-337/"Apoe™/“mice transplanted with miR-33"/*
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Figure 9. Expression of ABCA1 and CROT in livers and RIP140 in macrophages is elevated in miR-33"/"Apoe™/~ mice compared with miR-33"/*
Apoe™’~ mice. A, Quantitative real-time PCR analysis of Abca7, Crot, Cpt1a, and Prkaatin livers from miR-33"*Apoe™"~ and miR-33"/~"Apoe™/~
mice. Values from miR-33+/+Apoe‘/“ mice were set at 100%. Values are mean+SE (n=9 to 11each); **P<0.01. B, Western analysis of ABCA1,
CROT, CPT1a, and AMPK« in livers from miR-33*/"Apoe™ ™ and miR-337/"Apoe™~ mice. f-actin was used as a loading control. C, Densitometry
of ABCA1, CROT, CPT1a, and AMPKo: in livers from miR-33"/*Apoe™~ and miR-337/ "Apoe™/~ mice. Values from miR-33"/"Apoe™/~ mice were
set at 100%. Values are mean+SE (n=4 each); *P<0.05. D, Total cholesterol, free cholesterol, cholesterol ester, and triglyceride levels in livers of
miR-33"/*Apoe™/~ and miR-33"/"Apoe~/~ mice. Values are mean+SE (n=9 to 11 each). E, HE staining of livers of miR-33*/*4poe™/~ and miR-
337/~ Apoe™/~ mice at age 20 weeks fed NC. Scale bar: 100 um. F, Quantitative real-time PCR analysis of Nrip? (RIP140) in peritoneal
macrophages from miR-33""*4poe™~ and miR-337/"Apoe™/~ mice. Values from miR-33"/*Apoe™/~ mice were set at 100%. Values are
mean+SE (n=7 each). G, Western analysis of NRIP1 (RIP140) in peritoneal macrophages from miR-33"/*Apoe™/~ and miR-337/"Apoe™’ ™ mice.
GAPDH was used as a loading control. H, Densitometry of NRIP1 (RIP140) in peritoneal macrophages from miR-33"/*Apoe™/~ and miR-337/~
Apoe™/" mice. Values from miR-33*/*Apoe™ ™ mice were set at 100%. Values are meanSE (n=4 each); *P<0.05.

Apoe™’~ BM (P=0.027, 3.4+0.3% versus 2.2+0.3%; Fig- removal of intracellular lipid content compared with miR-
ure 12D and 12E), there was no difference between these 33"/*Apoe™/~ macrophages. Together, these data demon-
mice in the CDé68-positive area (P=0.37, 35.34+3.5% versus strate that miR-33 deficiency serves to raise HDL-C, improve
41.2+3.3%; Figure 12F and 12G). cholesterol efflux in macrophages, and prevent the progres-

sion of atherosclerosis and suggest that miR-33 should be
considered as a potential target to prevent the progression of

Discussion atherosclerosis.

In the current study, miR-337/"Apoe™/~ mice showed an We reported previously that miR-337/~ in C57/BL6 mice
increase in HDL-C in vivo and a decrease in atherosclerotic increases HDL-C by up to 40%. MiR-337/~Apoe™~ mice also
plaque size and lipid content compared with miR-33"/ had a higher amount of HDL-C compared with controls.
“Apoe™’~ mice. Although a previous study demonstrated However, the static measurement of HDL-C cholesterol level
that the short-term administration of anti-miR-33 oligonucle- has inherent limitations as a metric of the functional effects of
otides raised HDL-C levels and promoted the regression of HDL-C in vivo. Moreover, HDL-C function in Apoe ™~ mice may
atherosclerosis, this current study indicates that miR-33 be altered because these mice had no apok to activate lecithin:
deficiency contributes to the reduction of plaque size in the cholesterol acyltransferase, which converts free cholesterol to
progression of advanced atherosclerosis. Moreover, we cholesterol ester, thereby creating a gradient for free choles-
assessed the in vivo function of miR-33 deficiency in terol efflux from cells to HDL-C. Thus, we tried to measure the
leukocytes by BMT from miR-33"/*Apoe ™"~ or miR-337/~ function of HDL-C from miR-33~/~Apoe /™ mice. Recently, the
Apoe™’~ mice into miR—33+/+Apoe‘/" or miR-337/"Apoe™/~ functionality of HDL-C was analyzed by the quantification of
mice. miR-337/"Apoe™’/~ macrophages promoted the efflux capacity from blood samples of humans.?® Therefore, we
DOl 10.1161/JAHA.112.003376 Journal of the American Heart Association 12
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Figure 10. Lipid accumulation area in atherosclerotic lesions was
reduced in miR-33"/*4poe™/~ mice transplanted with miR-337/~
Apoe™’~ BM. A, Experimental protocol for bone marrow transplan-
tation from miR-33"/*Apoe ™"~ and miR-33"/"Apoe ™/~ mice to miR-
33"*Apoe™ ™ mice. B, Representative microscopic images of cross-
sections of proximal aorta in mice transplanted with miR-33"/*
Apoe™/~ and miR-33"/"Apoe™/~ BM. Scale bar: 1 mm. C, Quan-
tification of the atherosclerotic plaque area in cross-sections of
proximal aorta. Values are mean+SE (n=10 each). D, Representative
microscopic images of the lipid accumulation area in atherosclerotic
lesions in mice transplanted with miR-33"/*Apoe™/~ and miR-337/~
Apoe™/~ BM. Scale bar: 100 um. E, Quantification of the lipid
accumulation area in cross-sections of proximal aorta. Values are
mean+SE (n=10 each); *P<0.05. F, Representative microscopic
images of immunohistochemical staining for the macrophage marker
CD68 in mice transplanted with miR-33*/*Apoe™/~ and miR-337/~
Apoe™~ BM. Scale bar: 1 mm. G, Quantification of CDé8-positive
area in cross-sections of proximal aorta. Values are mean+SE (n=9
each). BM indicates bone marrow.

measured cholesterol efflux capacity in the serum from miR-
33*/*Apoe™’~ and miR-33"/"Apoe~/~ mice. We found that
the loss of miR-33 significantly increased the capacity to
promote cholesterol efflux, and this may have contributed to the
reduction in atherosclerotic plague volume.

The results of the present BMT experiment revealed that
deletion of macrophage miR-33 significantly reduced the lipid

content in atherosclerotic plaque. Macrophages are known to
ingest apoB-containing lipoproteins and transport ingested
lipoprotein-cholesterol from late endosomes to the endoplas-
mic reticulum (ER) under normal conditions.*’ In advanced
lesional macrophages, the accumulation of massive uneste-
rified, or “free,” cholesterol is observed, which induces ER-
stress-mediated macrophage apoptosis.*>** Therefore, we
compared atherogenic lipid-induced apoptosis in miR-33*/*
Apoe™/~ and miR-33"/~"Apoe™’~ macrophages. Treatment of
PEMs in culture with acLDL plus ACAT inhibitor (free
cholesterol loading) demonstrated that PEMs from miR-337/~
Apoe™’~ mice were significantly resistant to apoptosis
compared with those from miR-33"/"Apoe ™/~ mice. In
accordance with this in vitro experiment, apoptotic cells in
the lesion area were also reduced in miR-SS*/‘Apoe“/‘
mice. It is generally considered that apoptosis of macrophag-
es in advanced plaques may lead to plaque rupture. Thus, the
suppression of miR-33 in macrophages may also be beneficial
for the prevention of plaque rupture.

To further elucidate the effect of miR-33 deletion on the
monocyte/macrophage phenotype, we performed a flow-
cytometric analysis of circulating monocytes and a quantita-
tive PCR analysis of RNA from PEMs of miR-33"/*Apoe™/~
and miR-33"/"Apoe™’~ mice. We first determined that the
total leukocyte count in miR-337/"Apoe ™/~ mice was less
than that in miR-33*/*Apoe™" “mice. This was consistent with
a previous report that ABCA1, ABCG1, and HDL inhibit the
proliferation of hematopoietic stem cells.** Because leukocy-
tosis enhances the progression of atherosclerosis, the
reduction in leukocytes observed in miR-337/~Apoe™’~ mice
may have had a beneficial effects on atherosclerosis.*®
However, we also detected a higher frequency of Ly6CMe"
monocytes in MiR-337/"Apoe™/~ mice than in miR-33*/"
Apoe™’~ mice, and this could enhance inflammation in
atherosclerotic plaque. Tissue macrophages are phenotypi-
cally heterogeneous and are broadly characterized according
to their activation (polarization) state by the M1/M2 classi-
fication system.*® Some M1 and M2 markers were signifi-
cantly elevated in miR-33~/~Apoe™/~ PEMs compared with
miR-33"/"Apoe™/~ PEMs. RIP140 has been reported to
promote the activity of NF-xB and to upregulate the
expression of genes implicated in inflammation such as TNFuo
and IL-6 in macrophages.®® RIP140 has been shown to be one
of the targets of miR-33.% Therefore, the enhanced expres-
sion of RIP140 under miR-33 deficiency may have affected the
expression of IL-6. It is also possible that elevation of M2
markers may indicate the healing process of atherosclerosis
in miR-33"/"Apoe ™/~ mice and that the phenotypic changes
in macrophages may involve feedback mechanisms. In any
case, the effect of miR-33 deletion in macrophages is not as
simple as a shift from the M1 to the M2 phenotype, as
described in a previous report.' miR-33 deficiency also
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Table 2. Serum Lipid Profiling of MiR-33"/*4poe™~ Mice Transplanted With MiR-33"/*4poe™"~ and MiR-33"/~Apoe™"~ BM by
Standard Method

%’ e e e G e - s = s e s
miR-33*"*Apoe™~ BM recipient (n=6) 833.5+70.4 12.0£1.4 195.0+15.2 56.3+8.3
miR-33~'~Apoe™'~ BM recipient (n=8) 984.9+54.7 12.1+1.3 209.949.0 43.9+6.6
P NS NS NS NS

Values are mean+SE. BM indicates bone marrow; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; NS, not
significant.

reduced the expression of VCAM-1, which may have influ- data suggest that it may be possible to inhibit miR-33a and
enced atherosclerotic plaque formation. miR-33b pharmacologically to raise HDL-C for the treatment

We also tried to determine the contribution of the loss of of dyslipidemia and atherosclerosis. However, to establish the
miR-33 in recipient mice to atherosclerosis. However, we did safety of this therapeutic strategy for the treatment of
not observe a significant elevation of HDL-C level in miR-33/~ humans, the complete inhibition of target miRNA and longer-
Apoe™’~ mice transplanted with BM of miR-33"/*4Apoe™"~ or term assessment in animal disease models are required to
miR—33_/_Apoe'/“ compared with miR—33+/+Apoe_/" mice avoid unexpected side effects.
transplanted with BM of miR-33"/*4poe™~ or miR-337/~ Moreover, the real targets of miR-33 in vivo can only be
Apoe™~. Currently, we do not know why HDL-C levels were clarified by the genetic deletion of miR-33, and the results
almost the same in these mice. Experimental conditions such obtained by antisense oligonucleotide-based medicine may be
as radiation to the liver and intestine may have reduced the different from those obtained in miR-33-deficient mice. For
effect of miR-33 deficiency on the increase in HDL-C levels in example, the administration of miR-21 antagomir prevented
recipient mice after BMT. Atherosclerotic plaque size was not pressure-overload-induced cardiac hypertrophy and fibrosis in
significantly reduced in miR-337/"Apoe™’/ recipients com- mice*®; however, miR-21-deficient mice did not show any
pared with the miR-33"/*Apoe™"~ recipients transferred with cardiac difference with wild-type mice under pressure over-
the same type of BM; this may simply indicate that the rise in load.*? There also seems to be a substantial difference in the
HDL-C levels is important in the prevention of atherosclerosis. effect of antisense oligonucleotide against miRNA depending
Our results showed that loss of miR-33 in blood cells reduced on the modification such as LNA based or cholesterol
the lipid content of atherosclerotic plaque, which may be modified, and many additional miRNAs that share an identical
because of improved cholesterol efflux from macrophages. or similar sequence may be inactivated. Therefore, caution is

A recent report indicated that the inhibition of miR-33a/b needed when interpreting studies that use antagomir
in nonhuman primates raised plasma HDL-C and lowered approaches to elucidate the function of individual miRNAs in
VLDL triglyceride levels.*” This result was obtained from the vivo. Previously, we and others showed that miR-33 targets
administration of antisense miR-33 for a certain period. These ABCA1 in macrophages and the liver. ABCG1 is another target

A B [y miR-33" Apoel c e <+
No treatment + ﬁcf‘: ’;:?Eihitor = miR~33;/;Apoe"‘ § §
miR-33*/* Apoe’- 3 m:%m ......f...........
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Figure 11. miR-33 deficiency ameliorated free-cholesterol loading-induced macrophage apoptosis. A, Representative microscopic images of
Alexa Fluor 448—conjugated annexin V staining. Thioglycollate-elicited peritoneal macrophages from miR-33"/*Apoe™’~ and miR-33"/~Apoe ™/~
mice were cultured in the presence or absence of acLDL plus ACAT inhibitor for 24 hours. B, Quantification of annexin V—positive macrophages in
the presence or absence of acLDL plus ACAT inhibitor for 24 hours. Values are mean+SE; **P<0.01, *¥*P<0.001. C, Western blotting analysis of
cleaved caspase-3 in macrophages in the presence or absence of acLDL plus ACAT inhibitor for 48 hours. f-actin was used as a loading control.
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in macrophages. In this study, we showed that ABCA1 and

A
W et ww uw CROT in the livers of miR-337/"Apoe™”~ mice were upreg-
337 4
A . e ulated compared with those in miR-33"/"Apoe™'~ mice,
av;«;{gsgwﬁ whereas CPT1a and AMPKo were not. ABCA1, ABCG1, and
i
miR-337 apoe Zm‘;.;g»mgmzn\:ﬁ;ﬁmf RIP140 were also upregulated in miR-337/~Apoe™/~ macro-
miR-337 Apoe’ BM -» miR-33* Apoe’ .
phages. Thus, although many targets have been estimated by
B wiras apoct-om miastapoctom C gy many computer algorithms and in vit iment h
> miR35+ Apoet 3 i35 Apoe y pu gorithms and in vitro experiments such as

luciferase-based 3’ UTR analysis and Western blotting, it
seems that only some of these actually have any effect in vivo
through the chronic complete inhibition of miRNA.

Metabolic syndrome and type 2 diabetes are growing
public health concerns worldwide that are associated with
complex risk factors for cardiovascular disease (CVD). A
previous meta-analysis indicated that a reduction of 2 to
3 mmol/L LDL-C by statins could reduce the risk of CVD by
40% to 50% because there was no evidence of any threshold
within the cholesterol range studied.®> However, this simply
means that there is still a substantial risk of CVD despite
statins being widely used to lower levels of LDL-C and
apolipoprotein B—containing lipoproteins. Major goals in the
pursuit of novel therapeutic strategies to target this residual
risk have focused on raising the amount and quality of HDL-C
to prevent atherosclerosis. Further detailed experiments will
be needed to determine whether targeting miR-33 could be a
suitable approach for such treatment.
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Figure 12. Lipid accumulation area in atherosclerotic lesions was
reduced in miR-337/~Apoe™/~ mice transplanted with miR-337/~ Acknowledgments
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A pragmatic method for electronic
medical record-based observational
studies: developing an electronic
medical records retrieval system

for clinical research

Keiichi Yamamoto, Eriko Sumi,? Toru Yamazaki,® Keita Asai,> Masashi Yamori,®
Satoshi Teramukai,' Kazuhisa Bessho,® Masayuki Yokode,? Masanori Fukushima®

ABSTRACT

Objective: The use of electronic medical record
(EMRY) data is necessary to improve clinical research
efficiency. However, it is not easy to identify patients
who meet research eligibility criteria and collect the
necessary information from EMRs because the data
collection process must integrate various techniques,
including the development of a data warehouse and
translation of eligibility criteria into computable criteria.
This research aimed to demonstrate an electronic
medical records retrieval system (ERS) and an example
of a hospital-based cohort study that identified both
patients and exposure with an ERS. We also evaluated
the feasibility and usefulness of the method.

Design: The system was developed and evaluated.
Participants: In total, 800 000 cases of clinical
information stored in EMRs at our hospital were used.
Primary and secondary outcome measures: The
feasibility and usefulness of the ERS, the method to
convert text from eligible criteria to computable criteria,
and a confirmation method to increase research data
accuracy.

Results: To comprehensively and efficiently collect
information from patients participating in clinical
research, we developed an ERS. To create the ERS
database, we designed a multidimensional data model
optimised for patient identification. We also devised
practical methods to franslate narrative eligibility
criteria into computable parameters. We applied the
system to an actual hospital-based cohort study
performed at our hospital and converted the test
results into computable criteria. Based on this
information, we identified eligible patients and
extracted data necessary for confirmation by our
investigators and for statistical analyses with our ERS.
Conclusions: We propose a pragmatic methodology
to identify patients from EMRs who meet clinical
research eligibility criteria. Our ERS allowed for the
efficient collection of information on the eligibility of a
given patient, reduced the labour required from the
investigators and improved the reliability of the
results.
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BACKGROUND

Medical information technology has recently advanced
in many countries, and enormous amounts of clinical
data are already stored as electronic medical records
(EMRs). Utilising the data collected in EMRs is neces-
sary to improve clinical research efﬁciency.l_3 An EMR is
a large database of patient data and is used in observa-
tional research to investigate the relationships among
diseases, treatments and outc01r1fles,4“7 to conduct surveil-
lance for rare drug reactions,? 8 and to recruit patients
for clinical trials.®~'® However, it is not easy to identify
patients who meet research eligibility criteria and collect
necessary information from EMRs.?2 ? Herein, we
describe three major issues concerning EMR-based
observational studies: EMR patient data retrieval func-
tion, eligibility criteria protocol representation and EMR
data accuracy.

To identify patients who meet research eligibility cri-
teria, it is necessary to obtain various types of informa-
tion stored in EMRs by subject, for example, diagnosis
and prescribed medications. However, the EMR database
is designed to facilitate online transaction processing for
rapid and detail-oriented clinical information searches
on individual patients, and the current EMR system does
not facilitate this retrieval function.” ® '* Data ware-
houses are essential components of data-driven decision
support. To allow for efficient research analyses, EMR
data must first be warehoused to enable data analyses
across patient populations.”> ! However, healthcare
data modelling is difficult and time consuming because
of the complexity of the medical knowledge involved.
Thus, the most common approaches to clinical data
warehouse modelling are variations on the entity-
attribute-value (EAV) model,QQ'28 where data are stored
in a single table with three columns: entity identifica-
tion, attribute and attribute value. The EAV design has
advantages, including flexibility and ease of storage;
however, it requires transforming EAV data into another
analytical format before analysis.”> *® Online analytical
processing (OLAP) is most frequently used for searching
data stored in the data warehouse.”>>' OLAP systems
in relational databases are typically designed based on
Kimball’s star schema.?® However, the star schema was
devised to facilitate online measurement analyses. In
healthcare, this method can be used to dynamically
gather online analyses of numeric data (eg, a specific
dose of a drug for a specific disease) in clinical practice.
Therefore, this method is not suitable for identifying
patients who meet the complicated eligibility criteria for
a given clinical research study. Data-modelling methods
that facilitate the identification of patients and enable
the collection of necessary information from EMRs
remain to be established.?®

Current eligibility criteria are written in a text format
that cannot be computationally processed. Additionally,
to be applied in actual EMR, eligible criteria need to
be integrated with the data model of EMRs.*® Several
investigations have sought to establish computable

;Aipra'ghjértbi:c;rdéth'od for;EM:FFb'ase’d observational studies ;

eligibility criteria.>**' However, there is no consensus
regarding a standard patient information model,*® and
the eligibility criteria are not yet completely standardised.
Using natural language processing (NLP) technologies to
convert the text format of eligibility criteria to a computer
or to extract patient identifications from EMRs is far from
perfect without human intervention.” ** %

Current EMRs have been used to support claims
for medical service fees and the treatments administered
to each patient; therefore, data gathered specifically
for research purposes may be incomplete and
unreliable.? * 44

. Although various investigations on each technique are
executed individually, standardised methods must still
be established that integrate these techniques, facilitate
the identification of patients who are eligible for clinical
research, and collect necessary information from EMRs.

OBJECTIVE

We designed a pragmatic data processing model opti-
mised for patient identification and for the collection of
necessary information from EMRs for clinical research.
These tools are implemented as an electronic medical
records retrieval system (ERS).*

This research aimed to demonstrate an ERS and an
example of a hospital-based cohort study that used the
ERS to identify both patients and exposure. Another
aim was to evaluate the feasibility and usefulness of the
ERS, the method to convert text form eligible criteria
to computable criteria, and a confirmation method to
increase research data accuracy.

MATERIALS AND METHODS

Outline of our procedure for patient identification and data

collection from the EMR

To identify patients who met the eligibility criteria for

the clinical research in question, data were collected in

the following ways:

1. The text form of the narrative criteria was converted
into computable criteria.

2. A targeted patient list was created.

3. A flag was added for investigators to confirm the tar-
_geted patient list.

4. Reports were created for the investigators to confirm.

5. After confirmation by the investigator, the statistical
analyses were executed.

EMR retrieval system

In our hospital, EMR use was introduced in 2005;
approximately 800 000 cases of clinical information have
already been stored. To comprehensively and efficiently
collect information about patients participating in clin-
ical research, we developed an ERS.*

EMRs store various types of information, integrating
billing, pharmacy, radiology, laboratory information and
others.* In creating the ERS database, we designed a
new data model based on the star schema that was

2 Yamamoto K, Sumi E,3Y1a81azaki T, et al. BMJ Open 2012;2:¢001622. doi:10.1136/bmjopen-2012-001622
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optimised for patient identification in clinical research.
We identified nine data categories from EMRs that are
useful for clinical research: demographic characteristics,
physical findings, diagnostic studies, laboratory tests,
diagnoses, progress reports on an EMR template,** *°
medications and injections, operation records and other
treatments. We then designated these categories to
‘entities’. In our hospital, the diagnosis is managed by
codes that were originally defined by our hospital and
mapped with International Statistical Classification of
Diseases (ICD) 10 codes*® for medical insurance pur-
poses. Operations codes were also managed by codes
that originally were defined by our hospital and mapped
with ICD-9 Clinical Modification codes. We identified
available columns (eg, ICD code, diagnosis date) from
the EMR data model and designated these columns as
‘attributes’ of the entities.

Figure 1 presents our data model. In our model, all
entities in a given schema are independent and com-
plete; this allows for logical operations and for the

creation of eligible patient lists for each respective par-
ameter in a study. The target patient list is generated by
combining these patient lists. The data model also sup-
ports the inference of medical concepts expressed in the
eligibility criteria in reference to corresponding patient
data accumulated in EMRs.*® ?*

In our hospital, a replicate of the EMR database
known as ‘Open DB’ was established for the secondary
use of accumulated EMR data.” A data mart for our ERS
was created to ensure that the data retrieval process was
practical and independent of the EMR system structure;
the data mart was created on the relational database
management system by extracting, transforming and
loading (ETL) information from the Open DB.” ** The
ETL process is performed automatically once nightly
except for the ‘Progress notes by EMR template’ entity,
which is referred directly from the Open DB to ensure
real-time visibility for the eClinical trial.**

An OLAP tool was installed to efficiently search
through data from multiple patients.** The OLAP tool
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runs in an Internet browser and can generate structured
query language (SQL) based on predefined metadata
(ie, a data model) by defining logical queries (ie, pro-
grammes) using a graphical user interface (GUI).
Moreover, this tool allows reports on information
retrieved from the browser to be transcribed using
hypertext markup language (HTML). The reports are
created in various formats, including portable document
format (PDF), comma-separated values (CSV) and
extensible markup language (XML) M

To protect personal information in medical records at
our hospital, the EMR network is separated physically
from other networks. Our data mart and OLAP servers
are deployed in the same EMR network and managed
using the same EMR security policies. Additionally, the
use of our ERS is limited to clinical research approved
by the ethics committee at our hospital, and only desig-
nated staff members at our centre are allowed to retrieve
data. Our centre creates and manages ERS user identifi-
cation separate from the EMRs. For the external output
of CSV and other data, permission must be obtained
from our department of medical informatics, and data
extraction must be executed in the presence of supervi-
sors who are responsible for protecting personal infor-
mation at our hospital.

Application to clinical research

We applied the system to a hospital-based cohort study

performed at our hospital titled ‘Risk of osteomyelitis of

the jaw induced by oral bisphosphonates (BP) in
patients taking medications for osteoporosis: a hospital-
based cohort study in Japan’,*” in which we identified
eligible patients, extracted research data and evaluated
the feasibility of our system. The ethics committee at

Kyoto University Hospital approved this research. A dif-

ferent paper details the purpose, methods, results and

discussion of this research.*”

This research aimed to estimate the risks for osteomye-
litis of the jaw in osteoporosis patients at our hospital
who had been exposed to oral BP compared with those
who had not.*® **

The eligibility criteria were as follows:

Inclusion criteria:

» Patients diagnosed with osteoporosis and treated with
osteoporosis medications at Kyoto University Hospital
between November 2000 and October 2010.

» Patients aged 20 years or older.

Exclusion criteria:

» Patients with a history of treatment with radiation
therapy to the maxillofacial region.

» Patients with primary or metastatic tumours in the
maxillofacial region.

» Patients treated with intravenous BP.

The data collected were diagnosis, date of diagnosis,
sex, birthdate and the doses and dates when osteopor-
osis medications, steroids, anticancer drugs, diabetes
drugs and HbAlc tests were administered.

Conversion of the text form of the narrative criteria

to computable criteria

To identify eligible patients and collect the necessary
data from the EMRs, narrative criteria and data must be
converted to computable criteria. Such computable cri-
teria include entities, attributes, logical operators
(ie, ‘and’ and ‘or’), codes and parameters.33_37 The clin-
ical research purpose and clinical practice demands
made it necessary to perform this task.

We manually executed the conversion from text eligi-
bility criteria to computable criteria. As an example of
the conversion from narrative criteria to computable cri-
teria, we present the following two-step conversion
procedure:

Step 1: Convert the narrative criteria into enfity-level criteria
Medical concepts expressed as narrative criteria are
mapped onto entities in the data model and converted
into entity-level criteria. This task is manually performed
at the protocol development stage of the study by the
investigators. For each entity, a criterion is created to
extract patients who meet each condition. If exclusive
conditions for the same entity must be defined, a differ-
ent criterion is created. Additionally, the list of codes for
drugs and diagnoses (ie, ICD-10) is created, and the
period of treatments and others are defined by investiga-
tors. In this study, we mapped ‘osteoporotic patients’
onto two entities (ie, ‘diagnosis’ and ‘medications and
injections’) and converted it to a combination of two cri-
teria (ie, ‘diagnosis of osteoporosis’ and ‘osteoporosis
drug administration’). In the test research, we defined
the entity-level criteria according to the entered diagno-
sis and ordered treatments rather than the diagnostic
criteria of the disease. This process reflects that the test
research aimed to estimate some risks of osteomyelitis of
the jaw with BP administration instead of diagnosing
osteoporosis patients accurately. The recorded diagnosis
in the EMR was typically designed to ensure payment for
medical claims. We thus sought to reduce the number of
false-positives by extracting patients with a given treat-
ment type.

Step 2: Gonvert entity-level criteria into attribute-level criteria
(ie, computable criteria)

The abovementioned corresponding codes, date and para-
meters are mapped onto attributes of the entity-level cri-
teria, and these factors become computable criteria.

Creating a targeted patient list
A targeted patient list is created from the entire set of
patients for whom EMRs have been obtained by defin-
ing logical queries (ie, programmes defined by the GUI)
based on the computable criteria included in the ERS.
Logical queries are first defined in the ERS to identify
patients who meet the conditions for each criterion.
The ERS automatically generates the SQL necessary for
data extraction according to the logical queries. Logical
queries are then defined to include or exclude eligible

4 Yamamoto K, Sumi E, Yamazaki T, et al. BMJ Open 2012;2:e001622. doi:10.1136/bmjopen-2012-001622
312



_A pragmatic method for EMR-based observationa

Create View_Patientslist as
Select Patientld From@emograghida
Where
a. Patientid(n)

Select Patientld From Diagnosis

Where ICD10Code in {ostéoporosis ICD10 code fist)and

DiagnosisDate >= '10/01/2000' and DiagnosisDate <= '09/30/2010" and
SuspectedFlag = 'Fixed' )
nd
a ?atientld@i‘{
Select Patlentid From MedicationsAndinjections
Where DrugCode in{osteoporosis drugs code fist}and
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23

nd

. Patientid@ot 1y

Select Patientid From MedicationsAndInjections

Where DrugCode in{intravenous BP drug code list) and
ExecuteDate »= *10/01/2000' and ExecuteDate <= '09/30/2010° }

o W

Figure 2 Example structured query language (SQL) to
create the target patient list.

patients who meet each criterion for the demographic
entity. The targeted patient list is created by executing
the logical query. Figure 2 presents an example of an
SQL automatically generated by the ERS.

We thus designed our data model to enable the cre-
ation of a targeted patient list by defining the patients
extracted from each criterion (ie, ‘in’ or ‘not in’) as con-
ditions for the demographic entity that was the unique
patient list for the entire hospital. If logical queries are
defined using our method, even if the eligibility criteria
are complicated, it is not necessary to dramatically
change the SQL structure generated in the ERS.

Flagging entries for investigators te confirm
To improve research data accuracy, confirmation by
the investigators is necessary. When confirmation is
required, additional information is linked.

For the targeted patient list, logical queries are
defined to flag certain items according to the investiga-
tors’ interest. Necessary logical queries are first defined
for each criterion. Logical queries are then defined for
addition to the patient list as ‘1’ if the data correspond
or ‘0’ if they do not. Data sets created by these opera-
tions are joined by ‘union’ and pivoted on a cross-
tabulation list using statistical analysis software. We show
an example of an SQL generated by the ERS in figure 3.

Create reports for investigators fo confirm

To help investigators confirm the targeted patient list,
reports are created by linking the findings for diagnostic
imaging, pathological diagnosis, operations and other
findings. Investigators confirm these entries using the
reports and EMR information, including progress notes
and images. When the diagnosis history, medication,
laboratory results, progress notes and other information
are necessary, the same operation is executed for each
instance. For example, the list of radiological findings
involves ‘patient ID’, ‘study category’, ‘report name’,

Select Pati @m‘l BP i i : @‘rom Wigv_Pati ista
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Figure 3 Example structured query language (SQL) to flag
the target patient report for investigator confirmation.

‘diagnosis’, ‘findings’ and ‘comment’. The reports
may improve the investigators’ confirmation efficiency
because they prevent the need to refer to the medical
records for each patient who needs confirmation.

Confirmation by the investigator and execution

of the statistical analyses

The investigators confirm the accumulated data and
execute the statistical analysis. In this test research, two
oral and maxillofacial surgeons diagnosed cases by a
chart review with an observation of imaging findings.*”

Systemic evaluation

To evaluate our system, we collected information about
the research period using the recall method. For the
accuracy of the data collected by the ERS, we evaluated
the results after they were confirmed by the investigator.

RESULTS
Computable criteria, datasels and system evaluation
We present the computable criteria in table 1. To
increase data accuracy, we collected all of the exclusion
criteria for the investigators to confirm. As table 1 shows,
we extracted information from EMRs. For investigator
confirmation, we also reported all targeted patients using
the following lists: osteoporosis drugs administered, oral
BP administered, intravenous BP administered, diabetes
drugs administered, anticancer drugs administered,
steroid drugs administered, osteoporosis diagnoses, oral
cancer diagnoses, patients diagnosed with inflammation
of the jaw, patients diagnosed with other suspicious dis-
eases, patients diagnosed with diabetes, HbAlc values,
radiological findings, pathological findings and radioiso-
tope findings. These data were extracted from the ERS
for statistical analyses, presented in CSV format, and ana-
lysed using statistics software.

Among the approximately 800 000 cases at our hos-
pital, 8772 were categorised using the terms ‘Inclusion

Yamamoto K, Sumi E, Yamazaki T, ef al. BMJ Open 2012;2:¢001622. doi:10.1136/bmjopen-2012-001622 5
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criteria: Osteoporosis diagnosis’; among this group,
7195 were further categorised using ‘Inclusion criteria:
Osteoporosis drug administration’. We then calculated
the time that had elapsed since the osteoporosis diag-
nosis, determined that 7062 patients were aged 20 years
or older, and created a targeted patient list. Among
those on the targeted patient list, 23 patients were
placed under the heading ‘Exclusion criteria: Oral
cancer diagnosis’, 110 under ‘Exclusion criteria:
Intravenous BP administration’, 4200 under ‘Oral BP
administration’, 84 under ‘Inflammatory jaw condition
diagnosis’, 2064 as ‘Other suspicious disease diagnosis’,
1700 as ‘Diabetes diagnosis’, 4551 as ‘Steroid drug
administration’, 904 as ‘Anticancer drug administra-
tions’, 1055 as ‘Diabetes drug administrations’ and 3641
as ‘HbAlc test execution’. Because of the end point
considered, patients who were classified under
‘Inflammatory jaw condition diagnosis’ or ‘Other suspi-
cious disease diagnosis’ were confirmed using prede-
fined hierarchical diagnostic criteria by investigators
who performed the statistical analyses and arranged the
research results. We show the schema of data collection
and confirmation as figure 4.*

The accuracy of the data extracted by the ERS was
then characterised. Reviewing the medical records
revealed that 2817 patients were not labelled as ‘Oral BP
administration’, including seven (one who received
intravenous BP) treated at other hospitals. Six patients
had been treated with radiation therapy to the oral and
maxillofacial regions. Among the 72 patients classified
under ‘Inflammatory jaw condition diagnosis’, 35 cases
and 37 non-cases were identified.

The data extraction period lasted approximately
3 months. Ten meetings were held during the protocol
development stage to create and validate the computable
criteria and the list of codes for various drugs and diagno-
ses (ie, ICD-10). The time required for logical query defin-
ition when using the ERS was approximately 20 h. The
investigator confirmations and statistical analyses took
approximately 4 months.

DISCUSSION

We identified eligible patients for this research and
extracted the data necessary for confirmation by investi-
gators and for statistical analyses.

Figure 4 Schema of data

EMR ( 800,000 )

collection and confirmation.
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We asked the chart reviewers to evaluate the system in
a questionnaire about ‘the effect of computer program-
ming support for data retrieval from the EMR’, ‘the
result of the data retrieval’, ‘the positive and negative
aspects of our ERS use’ and ‘the aspects of our method
that should be improved’. The investigators evaluating
the system mentioned that the following points: (1) the
method enabled them to extract the necessary data for
diagnosis and drug administration without exception;
(2) by screening the entire patient population at the
hospital using the ERS, they could identify not just eli-
gible patients in the department of oral and maxillo-
facial surgery but all eligible patients, which reduced the
study bias and (3) by creating reports for confirmation,
it enabled investigators to devote their time to reading
images, thus effectively reducing the time required for
reviewing medical records. The aspects of our method
that should be improved are the ‘lack of claim data’
and the ‘administrative complexity of EMR data use’.
No negative aspects of our ERS use were noted.

The ERS allowed for the collection of information on
patient eligibility by efficiently combining clinical infor-
mation. Although we did not compare our method with
other methods, our proposed method reduced the
labour normally required from investigators and
improved the reliability of test research results, which
indicated that it was useful.

To design the ERS database, we designed a new data
model optimised for patient identification. The main dif-
ferences between our data model and the star schema
were as follows: (1) demographic data, which were pre-
sented in list form in our EMR system, were presented as
a fact-less fact table and (2) date, time, measurements
and text information were presented in dimension
tables.®® The most significant characteristic of our
method for patient identification is the use of a specia-
lised data model in clinical research and the ability to
execute a large number of conversion tasks at the proto-
col development stage. Data can be converted efficiently
in a way that does not depend on the EMR database struc-
ture when converting narrative criteria to computable cri-
teria. In this research, we considered whether data were
extracted directly from EMRs at the protocol develop-
ment stage. However, EMR data were recorded in a
sequential format for every medical practice, and the
database structure was complicated. Comprehending the
location and meaning of the necessary data thus required
tremendous effort. It was difficult to make precise logical
queries for patient identification. However, because our
ERS data model was arranged by subjects (eg, tests, diag-
nosis), it was easy to interpret the available information.
Due to the standardisation of computable criteria and
SQL possible with the ERS, it was also possible to create
computable criteria in little time. Additionally, verifying
the patient identification accuracy was easy because it was
possible to test each individual criterion.

The SQL generated by our ERS does not reduce the
time required for data retrieval. Our ERS also cannot

retrieve information that is not in the data model
Current EMRs do not store all necessary data for clinical
research, including information related to pregnancy,
performance status, cancer stage, availability of transpor-
tation to the hospital, specific tests that are not typically
performed, drug regimen, outcomes (including death)
and adverse events. Additionally, all tests are not admi-
nistered to all patients, and necessary information may
have been recorded in medical records at another hos-
pital.44 To facilitate EMR use in clinical research, it is
necessary to accumulate as much of this information
as possible. In the hospital, much of this information
does not integrate well with EMRs, including test reports
stored only in the departmental system.”® However, it is
important to utilise this information. Additionally, enab-
ling ERS use in and across multiple institutions is also
an important future task.

Currently, most clinical research studies that use data
from EMRs are planned according to the concept that
the primary use of EMRs is for clinical practice and a
secondary use is for clinical research.** Therefore, most
investigators attempt to convert the text form eligibility
criteria that already have been defined on a protocol to
computable criteria at the data collecting stage.*® ?°
However, we propose that computable criteria should
not be a result of the automated conversion of narrative
criteria but rather a result of research preparation involv-
ing medical concepts that are not expressed logically or
explicitly in the narrative criteria. Some medical con-
cepts may be interpreted differently depending on the
research and the investigator caring for the patients.
Additionally, current eligibility criteria are vague or
complex, and they do not consider the use of the actual
EMR. To convert computable criteria appropriately,
high-level medical decisions to answer the research ques-
tion are required. Therefore, we thought that a large
amount of the conversion of the eligibility criteria to
computable criteria should be executed at the protocol
development stage. In addition, the conversion process
should be divided into entity-level conversions that
require higher medical decisions and attribute-level con-
versions. To reduce the burden of conversion, it may be
useful to apply NLP technology for the conversion from
entity-level criteria to attribute-level criteria. Moreover, it
is important to further discuss protocol standardisation,
including eligibility criteria representation for comput-
able use. For instance, the attribute-level criteria that
describe the search conditions in detail may be useful in
global studies to address diseases that vary according to
the diagnostic criteria used in each country.

Concerning EMR data accuracy, the ICD10 code
(osteomyelitis of the jaw) sensitivity was 48.6% (35/72).
The investigators reported six simple diagnosis errors,
seven oral BP administrations at other hospitals, and
six patients who were treated with radiation therapy
in the oral and maxillofacial regiom.47 For the accuracy
of current EMRs, the investigators had to confirm
the information. However, the EMRs provided rich
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confirmation data and were useful in improving research
data accuracy. In this study, we checked the data from
actual EMRs manually and identified patients precisely
and extensively using coded information, narrative infor-
mation, and images. However, only information from
existing EMRs was available. Current EMRs have a high
degree of flexibility in data entry and are not currently
managed for research purposes, which decreases their
reliability. It is necessary to improve data quality through
quality control without placing too much of a burden
on clinical practice. Alternatively, it may be possible to
organise data sufficiently before research use.”'™
Standardising the terminology and exchange formats
used in the healthcare setting has facilitated inter-
national discourse.*® 58 It is necessary to further
discuss not only clinical practice but also research pur-
poses, particularly how to utilise various standards when
using EMRs beyond the hospital setting.

CONCLUSION

We propose a pragmatic method for EMR-based obser-
vational studies. Our ERS is already used to support
hospital-based cohort studies, clinical trial recruitment
and the eClinical trial infrastructure® at our centre. We
believe an efficient ERS and standardised data process-
ing model are essential to facilitate clinical research that
utilises EMRs.
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