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Abstract

Using whole blood and peripheral blood mononuclear cells, microarray-derived gene expression
profiles have shown promise for the detection of acute ischemic stroke. Circulating leukocytes
contain multiple cellular subsets of highly specific functions that may provide more powerful and
more specific stroke detection than whole blood based expression profiles. The objectives of this
study were to determine the cellular sources of gene expression changes in whole blood in ischemic
stroke and the utility of leukocyte subset profiles for stroke detection. Using high-throughput reverse
transcription real time PCR, the absolute expression of 41 stroke-related transcripts identified in
whole blood and peripheral blood mononuclear cells was quantified in 6 major leukocyte subsets —
CD15" granulocytes, CD14" monocytes, CD4" T lymphocytes, CD8" T lymphocytes, ySTCR" cells
and CD20" B lymphocytes. Hierarchical cluster analyses were used to identify clusters of cell subset
specific gene expression patterns for ischemic stroke detection. CD15" granulocytes and CD8" T
lymphocytes were found to be the major sources of the expression changes in ischemic stroke, with
14 and 16 genes up-regulated respectively. None of the genes were significantly altered in CD14"
monocytes or CD20" B lymphocytes. Multiple clusters of transcripts were identified that
discriminated between ischemic stroke and control, most notably in CD15" granulocytes (p=2.88e-5)
and CD8'T lymphocytes (p=1.71e-5). A CD15" granulocyte-derived 3 gene cluster (CA4, MMP9,
NAIP) showed high accuracy for ischemic stroke detection (AUC=0.813) and was 100% sensitive in
a validation cohort. We conclude that transcripts identified in microarray studies in circulating
leukocytes in stroke are predominantly expressed in CD15" granulocytes and CD8" T lymphocytes.
Leukocyte subset specific gene expression clusters show promise for ischemic stroke detection.
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Non-standard Abbreviations:

IS Ischemic stroke
PBMC Peripheral blood mononuclear cells
wWB Whole blood

Key words: gPCR, gene expression, transcript, ischemic stroke, granulocyte, lymphocyte

Running title: Adamski: Cellular sources of gene expression in stroke

HT RT-gPCR High throughput reverse transcription quantitative polymerase chain reaction

1. Introduction

Stroke is a leading cause of death and
disability in the United States and there is a
pressing need for new diagnostic methods.
Using whole blood (WB) and peripheral
blood mononuclear  cells  (PBMC)
microarray-derived gene expression profiles
have proven to be accurate for the detection
of acute ischemic stroke (IS).*® These
microarray results have recently been
quantitatively validated in WB samples
using high throughput quantitative real time
polymerase chain reactions (HT RT-gqPCR)
and a number of WB-based expression
clusters for IS detection were identified* and
point of care technologies are under active
development.

Circulating leukocytes comprise multiple
cell subsets of highly specific and often
opposing functions. Hence leukocyte subset
specific gene expression changes may
provide more powerful and specific stroke
detection that may be masked in WB and
PBMC based expression profiles. To date,
leukocyte subset specific gene expression
profiles have not been reported for ischemic
stroke. As the innate immune response is
known to be the predominant system
involved in the acute phase of ischemic
stroke we hypothesized that the cells of the
nonspecific innate immune response -
neutrophils and monocytes - would be the
predominant leukocyte subsets showing
altered gene expression.”” We studied 6
major leukocyte subsets and sought to
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determine the utility of leukocyte subset
profiles for stroke detection.

2. Methods

Where applicable, the conduct and reporting
of the study are in accordance with the
Minimum Information for Publication of
Quantitative Real-Time PCR Experiments
criteria.®

2.1. Study Subjects

Peripheral blood samples were obtained
from 25 ischemic stroke patients (including
7 IS patients who comprised the validation
cohort) admitted to the University Hospital
of Brooklyn at SUNY Downstate Medical
Center and at Long Island College Hospital
and 15 gender and race matched control
subjects recruited from the local community.
The subjects’ characteristics are provided in
Table I. The median (interquartile range)
time of blood draw was 36.0 (23.0, 48.0)
hours post stroke onset. Stroke was
diagnosed according to World Health
Organization  stroke  criteria.”  The
Institutional Review Board at the State
University of New York (SUNY) approved
the study and all study participants or their
authorized representatives gave full and
signed informed consent.

The study inclusion criteria were: over 18
years of age and acute ischemic stroke. The
exclusion criteria were: current
immunological diseases, taking steroid or
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immunosuppressive  therapies, severe
allergies, acute infection and severe anemia.
The following clinical data were recorded:
age, gender, self-reported race/ethnicity,
self-reported risk factors, medications at the
time of stroke onset or, in the control
subjects, medications at the time of blood
draw, National Institutes of Health Stroke
Scale (NIHSS) score in the stroke subjects
and complete blood counts (CBC), including
total white blood cell count and white cell
differential counts. Hypertension was
defined as a prior (at any time in the past)
diagnosis of hypertension by the subject’s
physician or currently receiving treatment
for hypertension. Diabetes was defined as a
past medical history of known diabetes
mellitus. Coronary artery disease was
defined as a physician-diagnosed past
history of ischemic heart disease or angina.
Hyperlipidemia was defined as a past history
of documented elevation in total cholesterol
(>200mg/dl). Smoking was defined as
current or prior smoking. Atrial fibrillation
was defined as a past or current history of
physician-diagnosed atrial fibrillation. The
ischemic  stroke subtypes established
according to the TOAST criteria®® were:
lacune 3, cryptogenic 10, cardiac embolic 4,
large artery atherosclerosis 7 and unavailable
1.

2.2. Leukocyte Separation

The detailed protocol for leukocyte
separation has been published previously.™
Thirty milliliters (ml) of whole blood (WB)
were drawn into ethylenediaminetetraacetic
acid tubes and a complete blood count
(CBC) with differential was performed on
each subject. Density gradient centrifugation
with Histopaque 1077 and 1119 (Sigma
Aldrich) were used to separate peripheral
blood mononuclear cells (PBMC) and
granulocytes from the WB. Cells were
separated using positive magnetic bead
separation (Miltenyi Biotec). The WB
granulocyte fraction was purified to CD15"

Copyright 2017 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 5, issue 11, November 2017 issue

Page 3 0f 13

cells. PBMC’s were used to subsequently
isolate the positive fractions of the CD14",
CD4", ydTCR", CD20" and CD8" leukocyte
subsets. The purity of the separated cell
populations was assessed using a
fluorescence activated cell analyzer (FACA,
Epics XL flow cytometer, Beckman Coulter)
and analyzed using “FlowJo” software (ver.
9.5.2). Up to 2 million cells were used for
RNA extraction from granulocytes (CD15"),
monocytes (CD14"), T lymphocytes (CD4"),
ydTCR" T Ilymphocytes, B lymphocytes
(CD20%), and T lymphocytes (CD8"). The
cellular viability and number were assessed
using a hemocytometer and Trypan-blue dye
staining.

2.3. Primer Selection and Development

40 transcripts identified in 3 previously
published studies were selected for analysis
(Supplemental Table 1).X® The 3 studies
had identified 9, 18 and 22 genes within
panels with some overlap among the studies.
Hox 1.11, transcript identified in Tang’s et al
study,? was not studied because it is a non-
coding RNA sequence. Hypothetical protein
FLJ22662 Laminin A motif from the Moore
et al list' is now termed phospholipase B
domain containing 1 (PLBD1) according to
current nomenclature. Two variants of CD14
were studied to give a total of 41 transcripts
that were tested. The complete primer
characteristics were published earlier.** The
RT-gPCR primers were self-designed,
commercially synthesized by Invitrogen and
wet tested using regular RT-gqPCR
(StepOnePlus Real-Time PCR Systems;
Applied Biosystems).

2.4.HT RT-gPCR

cDNA was synthetized using the High
Capacity cDNA Reverse Transcription Kit
(Life Technologies, Carlsbad, CA), based on
random hexamers, according to the
manufacturer’s protocol. In addition to study
samples two commercial cDNA samples
(Universal cDNA Reverse Transcribed by
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Random Hexamer: Human Normal Tissues;
Biochain, Newark, CA) were run on each
plate to perform normalization. HT RT-
gPCR was run on the BioMark HD System,
using 96 x 96 Fluidigm Dynamic Arrays
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(Fluidigm, South San Francisco, CA). Four
plates were used for this study. The percent
present calls were over 90%. Detailed
methods have been published previously.™

Table I. Clinical and laboratory characteristics of IS patients and controls
Factor All Stroke Control Stroke p
(n=40) Primary Cohort |(n=15) Validation
(n=18) Cohort
(n=7)
Age 68.5+13.7 71.6+13.0 58.1£12.3 73.7£8.2 0.001
Gender— male 17 (42) 7 (39) 7 (47) 3 (43) 0.93
Race— black 36 (90) 16 (89) 13 (87) 7 (100) 1.0
Risk factors
Hypertension 35 (87) 17 (94) 11 (73) 7 (100) 0.11
Diabetes 16 (40) 8 (39) 7 (53) 1(14) 0.74
Coronary artery |12 (30) 5 (28) 3 (20) 4 (57) 0.48
disease
Smoking history (8 (20) 6 (33) 2 (13) 0 (0) 0.68
Atrial fibrillation |5 (12) 4 (22) 0 (0) 1(14) 0.17
Hyperlipidemia |19 (47) 8 (44) 8 (53) 3 (43) 0.81
Medications
Diuretics 10 (25) 6 (33) 2 (13) 2 (28) 0.34
ACEIs/ARBs 15 (37) 7 (39) 3 (20) 5 (71) 0.15
Beta blockers 24 (60) 14 (78) 7 (47) 3 (43) 0.32
Calcium channel |10 (25) 5 (28) 3 (20) 2 (28) 0.85
blockers
Antithrombotics |23 (57) 10 (55) 8 (53) 5 (71) 0.93
Statins 17 (42) 7 (39) 7 (47) 3 (43) 0.93
Stroke-Related
NIHSS score 7.0 (5.0, 10.0)[7.5 (4.2, 10.0) | 6.0 (5.0, 7.5)

Results are mean (standard deviation) or
median (interquartile range) for continuous
factors and numbers (%) for categorical
factors. ACEIl - angiotensin converting
enzyme inhibitor, ARB - angiotensin
receptor blocker, N/A — not applicable,
NIHSS — National Institutes of Health
Stroke Scale. Student’s t-tests were used to
compare the ages between the stroke patients
and the control subjects. Chi-square and
Fishers’ exact tests were used to compare the
remaining demographic, risk factors and
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medications between the stroke patients and
the control subjects. P values are for
comparisons of all stroke patients versus the
control subjects.

2.5. Gene Expression Data Analyses

The absolute gene expression for each
sample was measured using the input sample
quantity method"? — that is independent of
control genes - after adjusting for the input
cell count and normalizing to a standard
volume of a standard cDNA sample
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(Universal cDNA Reverse Transcribed by
Random Hexamer: Human Normal Tissues;
Biochain, Newark, CA). A measure of the
copy number per cell for each sample was
obtained according to the equation:

: (1+E)(17Cq,cDNA-an,X)
ccX

where X is the transcript number per cell, E
is the efficiency of target CcDNA
amplification, nCq,cDNA and nCq,X are the
cycle number at which amplification crosses
the threshold respectively for the standard
cDNA sample and for sample X, cc is the
number of cells used for RNA extraction
based on CBC result. The results for the
stroke patients and control subjects were
then compared.

Xc

2.6. Development and Validation of the
Gene Classifier

Based on gene expression results from 18 IS
patients and 15 referent control subjects and
employing hierarchical cluster analysis,
clusters of transcripts were identified for
each studied cell subset. Stroke classification
accuracy was determined for a selected and
highly significant cluster using the Area
Under Curve (AUC) test. The diagnostic
utility of selected clusters was tested based
on a validation cohort (n=7).

2.7. Statistical Analyses

The data were analyzed using R version
2.15.1. Shapiro’s tests were used to assess
for normality of the data. For grouped data
Student’s t tests and Wilcoxon rank sum
tests were used to compare groups. Chi-
square tests and Fisher’s exact tests were
used to compare categorical values. The
hierarchical cluster analyses - non-
supervised techniques to detect hidden
associations in the data - used Ward’s
method and log-transformed data.
Corrections for multiple comparisons used
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the Benjamini and Hochberg (false
discovery rate, [FDR]) and Bonferroni
algorithms.  Receiver operating curve
analysis and sensitivity and specificity
analyses were used to test diagnostic value
of the 3 transcript cluster. p-values <0.05
were considered statistically significant.

3. Results

3.1. Expression of 41 transcripts in 6
leukocyte subsets

Individual genes were significantly up-
regulated in IS patients in 4 leukocyte
populations: CD15" granulocytes (14
transcripts), CD8" T lymphocytes (16
transcripts), ySTCR™ cells (2 transcripts) and
CD4" T lymphocytes (1 transcript). None of
the genes were significantly altered in
CD14" monocytes or CD20" B lymphocytes.
Figure 1 demonstrates the stroke-related
fold changes for the 41 transcripts in the 6
cellular subsets. It also reveals that
upregulation of transcripts predominated in
CD8" T and CD15" cells and that individual
transcripts were differentially expressed
among the different leukocyte subsets.

3.2. Patterns of altered gene expression in
leukocyte subsets

Genes significantly altered in IS patients
came from both WB and PBMC-derived
transcript panels. The expression of NAIP,
MMP9, ADM, LTA4H, PYGL, FCGR1A and
ILL3RA1 was exclusively upregulated in
CD15" granulocytes. The expression of
ENTPD1, PILRA, PLBD1, F5, NPL and
FPR1 was specifically altered in CD8" T
cells. The expression of 6 genes was altered
both in granulocytess and CD8" T
lymphocytes. VCAN was significantly up-
regulated in CD8" and CD4'T lymphocytes
and was down-regulated in CD15"
granulocytes (Table I1).
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Figure 1. Hierarchical cluster analysis and heatmap of fold changes in expression of 41
genes, in 6 leukocyte subsets, between IS (n=18) and control subjects (n=15).
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Table I1. Patterns of Altered Gene Expression

Pattern Transcripts Cellular sources
original study

Elevated in CD15 cells NAIP PBMC

MMP9 WB

ADM PBMC

LTA4H PBMC

PYGL WB

FCGR1A PBMC

IL13RA1 PBMC
Elevated in both CD15and | FOS PBMC
CD8 cells LY96 PBMC

S100A9 WB

S100A12 wB

CA4 WB

ETS2 WB and PBMC
Elevated in CD15 cells S100P wB
and/or >1 T cell subset (CD8 | DUSP1 PBMC
and yoT)
Elevated in CD8 cells ENTPD1 PBMC

PILRA PBMC

PLBD1 PBMC

F5 wB

NPL PBMC

FPR1 WB
Elevated in CD8 and CD4 VCAN WB and PBMC
(decreased in CD15) cells
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3.3. Clusters of altered gene expression in
leukocyte subsets

In hierarchical cluster analyses 43 clusters of
transcripts were identified, specific to the six
subsets studied, that significantly discrimi-
nated between stroke and control. All
clusters contained transcripts from both WB
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and PBMC panels. After correction for
multiple comparisons 14 clusters from 5 cell
subsets (CD15+ granulocytes, CD8+ T
lymphocytes, CD14+ monocytes, ydTCR+
cells and CD4+ T lymphocytes) remained
significant, p values ranged between 9.87e-3
and 1.71e-5 (Table I11).

Table I1l. Gene expression clusters significantly characteristic for IS identified in
hierarchical cluster analyses in 4 leukocyte subsets
Transcripts P value, of Adjusted  Adjusted p
cluster, stroke  pvalue*  value**
versus control

CD15- Cluster 1

IQGAP1, SLC16A6, NPL, CD93, PYGL, PLBD1 9.4e-6 8.84e-5 4.41e-4
CD15- Cluster 2

ADM, CKAP4, FOS, BST1 2.94e-5 1.73e-4 1.38e-3
CD15- Cluster 3

ENTPD1, IL13RA1, LTA4H, S100P 9.7e-5 3.80e-4 4.56e-3
CD15- Cluster 5

DUSP1, HIST2H2AA3, BCL6, PILRA, FCGR1A, 7.70e-5 3.2%e-4 3.62e-3
TLR2
CD15- Cluster 7

LY96, S100A9, FPR1, S100A12, RNASE2, CCR7 0.0012 3.01e-3 5.73e-3
CD15- Cluster 8

CA4, MMP9, NAIP 6.14e-7 9.62e-6 2.88e-5
CD14- Cluster 4

PLBD1, BST1, LTA4H, CYBB, SCL16, BCLS6, 0.00019 6.38e-4 8.93e-3
VCAN, FCGR1A
CD4- Cluster 3

IQGAPL, NPL, FOS, PLBD1, BST1, VCAN 0.000146 5.28e-4 6.86e-3
CD8- Cluster 1

IL13, APLP2, ENTPD1, ETS2, PYGL, DUSP1, 3.64e-7 8.55e-6 1.71e-5
KIAA, ADM, S100P, CD36,
CD8- Cluster 3

CYBB, BST1, CD93, NPL, IQGAP1 0.00021 6.58e-4 9.87e-3
CD8- Cluster 4

FOS, VCAN, PLBD1, MMP9, CA4 1.42e-5 1.11e-4 6.67e-4
CD8- Cluster 5

BCL6, SLC16, LTA4H, CKAP4, FPR1, FCGR1A 2.58e-5 1.73e-4 1.21e-3
voT- Cluster 1

IQGAP1, NPL, FOS, DUSP1, CD93, CKAP4, 7.52¢e-6 8.84e-5 3.53e-4
PLBD1, BST1, VCAN
voT- Cluster 4

ETS2, IL13, ENTPD1, PYGL, ADM, KIAA, 5.19e-5 2.44e-4 2.44e-3

APLP2, MMP9, CA4

Wilcoxon rank sum tests used for analyses, *-FDR, **-Bonferroni; CD15- granulocytes; CD14-
monocytes; CD4, CD8, y5T- respectively CD4", CD8", ydTCR T lymphocytes
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3.4 . Performance and validation of 3-gene
expression cluster

Medical Research Archives, vol. 5, issue 11, November 2017 issue

Page 8 of 13

patients in the PC with elevated expression
of between 0 and 3 transcripts are shown in

Figure 2b. In the PC elevated CD15"
granulocyte expression of at least one
transcript in this 3-gene cluster classified
stroke with a sensitivity of 89% and a
specificity of 67%. The overall accuracy of
the 3-gene cluster for PC was high
(AUC=0.813, Figure 2c). The number of
subjects with elevated expression of each
transcript in the PC and validation cohort is
shown in Table IV. The three-gene cluster
accurately classified all 7 IS stroke patients
in the validation cohort.

The diagnostic utility of a 3-gene cluster
(CA4, MMP9, NAIP) from CD15"
granulocytes was assessed in the primary
cohort (PC) of 18 IS patients and 15 control
subjects and validated in an independent
cohort of 7 IS patients. The upper threshold
levels for each of the transcripts were based
on the third quartile in the control subjects
(Figure 2a). Absent calls were noted in the
PC for NAIP in 7 controls and 6 stroke
subjects; this could reflect low or absent
transcript expression. The proportions of

Figure 2. Characteristics of a 3-transcript classifier for ischemic stroke detection

3 Transcripts elevated

=
B 2 Transcripts elevated
Stroke 1 Transcript elevated
B 0 Transcripts elevated
o - _
0% 20% a0% 60% 80% 100%

Stroke

AUC=0.813

(A) Boxplots demonstrating the threshold values for defining elevated expression of each of the transcripts
(CA4, NAIP, MMP9). The threshold was set at above the third quartile value in the control group (dashed
line on each boxplot). The threshold value was the normalized transcript copy number. (B) Bar graphs
depicting the number of transcripts elevated in the stroke patients and the control subjects. In the stroke
and control bars the value for the 3 transcript elevation represents the proportions of subjects who had all
3 transcripts elevated, the value for 2 transcripts represents the proportions of subjects who had 2
transcripts elevated, the value for 1 transcript elevated represents the proportion of subjects who had 1
transcript elevated, and the value for O transcripts represents the proportions of subjects who had 0
transcripts elevated. In this cluster 89% (16/18) of the stroke patients had 1 or more of the 3 transcripts
elevated while 33% (5/15) of the control group showed elevation of 1 or more of the 3 transcripts. Hence
the sensitivity was 89% and the specificity was 67%. (C) ROC analysis for Cluster 1 for stroke
classification revealed that the AUC was 0.813. Elevation of 3 or more transcripts gave the greatest
sensitivity and specificity.
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Table 1V. Performance of a 3-gene cluster in CD15" granulocyte in primary and

validation cohorts

Transcript Threshold Primary cohort Validation Control

IS* cohort IS* subjects*
CA4 >0.273 11/18 (61%) 3/7(43%) 4115 (27%)
MMP9 >0.229 16/18 (89%) 7/7 (100%) 4115 (27%)
NAIP >0.386 10/12 (84%) 5/7 (71%) 2/8 (25%)
3 transcripts in 1 or more 16/18 (89%) 7/7 (100%) 5/15 (33%)
Cluster 8 transcripts

elevated

*- indicates number of subjects with elevated transcript copy number

4. Discussion

In this study, we found that gene expression
changes in circulating leukocytes in acute 1S
are leukocyte subset specific, with CD15"
granulocytes and CD8" T lymphocytes being
the major sources of gene expression
changes. Contrary to our hypothesis we did
not find significantly altered gene expression
in monocytes.  Leukocyte-subset-specific
gene expression clusters for IS detection
were also identified and subset-specific
transcript clusters showed diagnostic utility.

4.1. Cell subset specific gene expression in
IS

The diversity of various immune cell
functions has recently been documented in
clinical and experimental IS studies.'® These
results highlighted that the immune response
is not only specific to cell subset but may
change radically within a given cell subset;
for example, T regulatory lymphocytes in
the acute phase are strong mediators of IS
while in the delayed phase are key
cerebroprotective modulators of post IS
damage."®

Hence, the importance of leukocyte subset
specific gene expression changes in the
clinical setting is increasingly being
recognized, but until now has only been
studied indirectly; suggesting  that
neutrophils, monocytes and platelets were
the predominant cell types expressing
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stroke-related genes in control subjects.™
Selected pro-inflammatory, pro-apoptotic
and adhesion genes have been studied in
monocytes, macrophages, and T and B
lymphocytes.™ In contrast to our
hypothesis, in the current study CD15"
granulocytes and CD8" T Iymphocytes
(cytotoxic cells from the adaptive immune
system) were found to play a major role.

Neutrophils are essential players of the
innate immune system. Secondary to local
and systemic mechanisms they infiltrate the
ischemic area causing brain tissue damage
mediated by MMP-9 - an enzyme involved
in extracellular matrix degradation.’ Yilmaz
et al showed in experimental stroke a pivotal
role of CD8" T-lymphocytes (along with
CD4" T Ilymphocytes) in the cerebral
microvascular dysfunction, inflammation,
and  tissue injury  associated  with
ischemia/reperfusion injury.!” At the same
time, in a clinical study significant changes
in the cytotoxic function of CDS8'T
lymphocytes in 1S have been found.®® In
aging, immunosurveillant CD8 T cells are
primed to potentiate inflammation and
leukocyte recruitment following ischemic
injury.*®

4.2. Clinical application of a 3-gene
cluster

The 3-gene granulocyte cluster (CA4, MMP9
and NAIP), having high sensitivity for IS
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detection and a low gene number, was the
most promising for potential clinical
application. This cluster also has the
potential to be applied to a point-of-care
testing (POCT) technology that is in
development.?’ The 3-gene cluster uniquely
addresses the major requirements of POCT
technology: employs an easily accessible
blood sample, shows high accuracy for IS
detection and is based on quantitative gene
expression changes. The 3-gene cluster, once
applied to the POCT technology employing
Single-Pair Fluorescence Resonance Energy
Transfer could allow for rapid turn-around-
time, and hence clinical diagnosis at the bed
side.”®
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Supplemental Table | Stroke related transcript panels identified in microarray gene expression

studies
Up or Transcript Up or
Transcript down- And Study down-
And Study regulation regulation
PBMCs Whole Blood
MOORE et al 2005 TANG et al, 2006
CD163 UP Hox 1.11 up
PLBD1 UP CKAP4 upP
ADM UP S100A9 UP
KIAAO0146 UpP MMP9 UpP
APLP2 UpP S100P UpP
NPL UpP F5-1 UpP
FOS UpP FPR1 UpP
TLR2 UpP S100A12 UpP
NAIP UpP RNASE?2 UpP
CD36 UP ARG1 DOWN
DUSP1 UpP CA4 upP
ENTPD1 UP LY96 UP
VCAN UP SLC16A6 UP
CYBB UpP HIST2H2AA3 upP
IL13RA1 UpP ETS2 upP
LTA4H UP BCL6 UP
ETS2 UpP PYGL upP
CD14-1 UpP NPL upP
CD14-2 UpP
BST1 UpP BARR et al, 2010°
CD93 UpP ARG1 DOWN
PILRA UP CA4 §]=
FCGRI1A up CCR7 UP
VCAN upP
IQGAP1 up
LY96 UP
MMP9 UP
ORM1 UpP
S100A12 UP
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