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BBIIAFVILROTLEN A LN, SV AFVERIIRTLEEE LD D
BILLBERETXITTVAEETHREMIIALRLTW L HEL TWn5,
Iz T Z OBFFE Tl lithium B X UF sodium valproate D AR A% X F V4L =%
DEEGZETEHELTVWALILIHBELTEY, IBEBEOZKRI A
A= -t LTHEBEFAFINVIAEZZBHEI21E, EVOERICLEERE
BHETHLI EEREL TS, DellOsso & ? 12K 2% 43 £ - iz
HEEIRGLP - DESOPAEZNRICEN 2IToTEY, IBICHRTKY
DREBIVCIEECAFVEEOTELHREL Tnd, Z2THKID
REETEV A FIMEEIRE SN, D'Addario & 2 OEEFHREIC lithium <
sodium valproate DRRFIZEX FIUALLBIEL TWAH Z L dHEL T 2,
Carlberg & ¥ 13K% 295 207 & - BUBMEREE 59 & - #EEH 278 BEXRIC
BDNF #{EF exon I 7UE— ¥ —D A F UALEREBH LTHE Y, k5 O
BCAFMEROEERLELREL TV S, 2 T2 ORETEEAS
DIRFETO A F VALRIIT) DERERLDFRICHEETHZ L 2R LTS
K, &350 0HERBRIC) ORERDEER & X FINVLROBICITFEEL
FEIEAON ozl L HEHE L TV,

‘SLCBA4 BILTFIC KD D DRB KUREIELEEZD
I AI—H—BIFE (F6-3-2)

5 O 5 IC SLC6AL BIEF D A F VL% KT L 72 Kang 5 ¥ O
X, BREBHLOAFIVLORBIIIT->TELT, T LAH) DEEFEIZL
B X FVALROENRS, HRBIUERFTREZEOLA M ARICES LY
T TH B, ZDOBFED S SLC6AL EiEFexon I 7HE—F— LD
AFVLERR, PYPHORBLEFTRELABRLARLRTIEY, )OO
REBERCHKTOA MV AEERELZ L DEFELRMEBELRL T2, B
2 X DR L OBICEEIE A SN2 d > 72 Zhao 5 13 SLC6A4 &
{ZTexon ] 7UE— % — LD AFNAibL% 84 #O—FIEDAE IR % 0 HIFH
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F®6-32 KODFEMFE L SLCOAL MimT X FIVEHR

CE I R S I
Kang - 9) 2013 4;; ﬁ:bfg) ;ﬁifﬁ Pyrosequencing
Zhgo 26) 2013 &21[?;; ;)9 2< (?Cfgi Pyrosequencing
Okada | 16) | 2014 Chﬂ;ésggfzzfﬁo ) MassARRAY

Domschke | 4) | 2014 2;;;2252’652683 e DS

DS : Direct sequencing

L, 9 2oWDEFEE (Beck Depressive Inventory II) & D FEE % 4T L C
Wb, ZOWETIE, BARK® CpG A F MEEDE L) DIRERDE
WEHBILTBY, AFVEEII0BEATSE LI DORAITI44 KT
LEHELTWE, INLOBFEFEREDSIX, SLC6AL BIZF D A F ML
AORBMI~Y—H =B L VIERIEIN R o7, ThICH L TES
519 [ IRIEHE D O 50 Bl & EEEEE 50 Bl & R, SLC6A4 FHIET exon I
FUE—F — LD XFMEE I LTV B, bHbhOMEREECL 2 L,

BDNF BETFLREL Y AF LT T4 —VEFDBDICL D5 DKLt
RELOFEHIITEY, 2HBTEEREICATFNVEROR L S CpG bl &
Npdrodze 72720, M) DEICLAEFEHNREAEICHET % CpG B
AREBLTBY, I oWk~ —h —Tldk ) 2FIZ L BRI ED
V= — Il AU EEM % $2PE LTwv2, [Al#%1C SLC6A4 #H{xFexon I 7’11
F— ¥ — EDAF VL E S DIRIEER R % BT L 72 Domschke & ¥ OF5E
Tix, BAFIVERIIH ) DEIC L DBEEEDR LA L TnizZ L 2%H
EXNTVE, IOWMERRE LR TR WA, HBEaRE LizEs
FEEDF T OROBADEET SLC6A4 BIEF D exon [ # Hir CpG 7 4
52 FOAF VALR BN L7-BIE b 3 5535, #19 ok & 2 F LD
BIcAELRHEEIEON o727, ZOMIZH ) DO L SLC6A4
BIEFO A FMEBEEZRTHEDL H DD, ZOFETIIFEH A F MRS

_41_



63 RTEEONAF=—A— () 151

OHDOBAETEL RBPERNZHMELTVE Y, Z0X)RBEBEETHID
HEXNRE L7 SLC6A4 BfnT exon I 7O E— % — LD X F VALIBAT O
FiX, I OROBW~—HI—L LTOFEEETIIRL, LA, #)2FEI
X BEBSUSTEE OBE R RIB L THY, Surrogate marker & L TOTEE
HERBTIERE Lo TS, AR OROBWNAF~v—H—LiZR
BBV, IORBEDBRET CTHLEFR2ELYIHOTNBLRRIEL,
SLC6A4 BIZT O X FIVALE L OMECHERFR TEV XA FILEL R TH
Ed D 9,16.18)0 '

SLC6A4 &1=F exon 1 # &L 4EIBD X F L L, FURKREE O E % f#
W L-HEDLSN D, Sugawara b 2 1Z—JPHRAIRE TOY »INERR
3% ® DNA % AT SLC6A4 BIEF D A F WVALERO LB ZIT>oTBHBY,
ZORBRIIIBEEEBRE TAF MEEOTEZRL Tz, FRICZ O
RTIIHNBUEEEEZORENTD, FFEORAFNMEEOTTELZRE L T\
bo ARFFEDORERIL, SLC6A4#fEFexon I ZELCpGTATF Y FDY 3
TIALET 5 CpG D X F VALED, REUEEOZTH~—h— &% 5T
HEREBEL TV 5,

Z DIDBEET A FINEIC £ DD DRB KU RIBHEED
INA AT —H—BEROBR

BDNF *° SLC6A4 #B{ZTF LSS, ) DmENRE L7z A F MLBED
HEITA SN B, Zill & P 1% Angiotensin converting enzyme (ACE) &
ETFORBAGEIRO X F VLR KD OF 81 & & BEE 81 LE R ICH
L, d>ORBETOAEELRAFVILROTLELHE L T3, Melas & ¥
BEHD D OREES2 L L RESE 2 A% MR ICERBE RO DNA % B
T, Monoamine oxidase A BIZF D exon I 70 F — ¥ —4HIK D CpG ? 2
FUALZFAIL, > ORBETOEELET2HE LTV, 3 OmORE
BLEEGTFOAFNMEEEN L LA L EEL D, Uddin & ® 13 Human
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Methylation 27 BeadChip (Illumina) % W27 L4 T®, 9 OF & BET
5HBIEF A FVALDOEALE BT L T\ 5, Z DOWFFEIL lifetime depression %
HRE LICEFRECHEH L LZFRETHY, 77/ AT FIZAF LR
DZEALE ) DFRBEAE 33 % L HEE 67 B THB L TWwb, HEO 2 F Vit
HKOET L T 5 #aF728 lifetime depression BHE TR W/ZENTWAD, 7
MPThH IL6 BIEFDORXFIVLOKT & IL6 BEHE L DM OB OHBIHRE
ENTWna,

BB ED A 7 VALFZE T 5, BDNF & % Vi SLC6A4 BET LSO
BIET 2 HRE LIRS A BN D, Ghadirivasfi 5 ¥ idta b=, -
HT,,) =FHBEFIUE—F —BEBEOAFVLEFHILTEBY, —1EEE
PRI Td B T102C SRIEML DY b3 v D A F WAL BBHERER S X
OHERRERTREEHLEXTERIET LTV, £0.LIC, BER
DE—BETOARIIEELR A F MLOEBETIALN TV, ZOL ) 2f
R SHT 0 B Z OO X FIVALDERT A, BUEHEEDOBRT N1
A= =Tl ERtrait v — 7 —THIWEEEEZRBLTVWLEEZ
&% %o Nohesara b (XHA7: 5Tl o7, PBHEEEPHALAES
DIEHEN T D Membrane-bound catechol-O-methyltransferase (MB-COMT)
BIET7HE—F —DAFVERETH, KEIMTSRBS D PRIET
fToTw5b, ZOMFAETIE MBCOMT &f5F 70E— % — DX F MALEN
REZ I THUEREREERD L URAERERTIZ50% ITETLTY
B EERE LTV, REHEE LREKTEL THT 2 2 LIXAET
Botoid, WEEEE ERGLINc— T — S ik E BEbnd,

Y4 20RNA ZRAWES DR - JEMEED/(AA4~—7h
DFRFE |

mmMUiyyﬂ7§Kﬁ§éh&w/y:—?4yﬁRMA?,%mj
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kb BEDHE\ RNA TH %, miRNA b DNA »5 =& D pri-miRNA & L
TEE XN, Drosha iZ & - T pre-miRNA 28] ) &1, Exportin5 X o
TEAPSHMREICERSINS, 2D Dicer 12L& » T—A$HD miR &
2y, HEENEERSZ L0 I HOERMREBRICGESL T, BREZEET
5T LR, mRNA OG#EZEL I ENFEIN TV,

Garbett & 7 12 16 BIDK S DfFE & MBS THMEFMILHE% D miRNA
BEOREZITV, BEEO mRNA RHEBICEBRLEOALN-Z L 2t
#LTWb, Fan & ¥ 3 723 H3H» miRNA o AT 2 5 Affymetrix 7
VAZHWT, RK)OBBLEREROHTERICEANIEIILL TS 26
FEHE D miRNA ZHiH LT3, 2 05 % H42(2 real-time PCR % v
T, RIDOHW8l B EREEE 46 B XHRIC 26 FEE D miRNA BEHOEZ &
FEL7-& 25, 58D miRNA (miRNA-26b, miRNA-1972, miRNA-4485,
miRNA-4498, miRNA4743) ORBRICEEZTEOE LN Z L PRE
nTwb, '

MM EIZHE T 5 mRNA O TiZ, Rong 5 P HBUEM: R EEIR
BB 2] % & HEHEE 21 &% 1 %12 miRNA-134 DRE % real-time PCR #
THAVTHEFTLTEY, RIGE - BKR2 4:BHE DO miRNA-134 DEB &
i, BEZELHRTHEERET 2R L Tz, miRRNA-134 HHEIZERIE
REPi & HRTHEOMHEEZR L TEB D, miRNA-134 OEBHE 0 S HERIKE
DEWNA F = —H —RESEERIC & BB % #H 3 5 Surrogate
marker & 25 T[EEHZREL T 5, ' .

DX S mRNA 2R E LA Fv—F —BFRIEMEF L2, 7
VA O KBEELFEDIITOILTCVEDY, SHROSBOMEISLEL R
bbb,

FE&H

K3 OMB L UREEEABECHT 3L T2 7 4 v - 1 Fo—
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#—& LT, DNA A F )Vt e miRNA 23R & LR EZEEL ORFRD
B Lizo RAEIMRPEREH MO DNA % B 7z 2 F VLI RO BK %
FLvb e, BDNF#EEFexon I 7OE—7 —FHIRDO CpGTA T ¥ FOR
FMALIE, I ORBOBW~— I — 2 AWEEEND Y, SHOREE) D
REBB EIRE LEHRIZES, v —H— & LTAFIVLEREZEHIT 5
CpG DM DOMAE LY OB AL EL Bbh b, £D—) T SLC6A4 &
ZF D exon [ # BHEFEBO X F V0L, I OROBHT~—H—& LTOH
BEEEIRZLL, LA, DPHMORBLEETRER) DOWEROEER &
DHEEZRBRTLE—T—LEZO5NR5A, FFIZSLC6AL BET DX F N
b=, B9 oL ORFERIGHE % HEEI4 5 Surrogate marker & L TDI%
EHPHEFINLHRLTH 5, ABEEED DNA A FVLIZ L 52N
T —H—DOREBIIOWTiL, lithium % sodium valproate {2 & % A F VAL
DETHIFESN, ROLEERBERBRHOBETCIERORLDZ LD
FREIND LI, IOWERL Y REROBUEBEEOZHORES S, =
D) EMEDOERTHTHIEREEZ b b,

ROBEOA L L THEMERBEDOZHINA I~ — 7 —DORHBIZDOVWTI,
DNA 2 FV1td miRNA dEHTH 5, REZHE COREAPHEZED S
TERICL AL LY, FREELZEBNLBAPIAEL TWwE EBbRhS,
B2 DNA A F VALICBE L Cid, A FVALEBIT 247 ) I 2 F VL% 5
B2 HEROENDD S EIC, RERLIGERTOMRE L OBEVDHEH S
N, SHOKEELHECL BT NL LA EEDLN S,

S (BRFRRE)

BDNF 8 X UF SLC6A4 BIZF A F VALEDBEITIZ, SHHxwiz7xF L
FAERICERER L EVTE T, — R FEYN, BEIEIL (KBEAS)
KGE ) OMBESADBEBIURIZ, THHZ W& T L%k
FHEHERL ETET. —RELFEE, WBEA (EEAZ), #EE Al
—BF, /DUR (GLEERE), LLFEZE), FRE (KK, MAREN
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Background: Development of easy-to-use biological diagnostic tests for major depressive disorder (MDD)
may facilitate MDD diagnosis and delivery of optimal treatment. Here, we examined leukocyte gene
expression to develop a biological diagnostic test for MDD.
Methods: 25 drug-naive MDD patients (MDDs) and 25 age- and sex-matched healthy subjects (Controls)
participated in a pilot study. A subsequent replication study involved 20 MDDs and 18 Controls. We used
custom-made PCR array plates to examine mRNA levels of 40 candidate genes in leukocyte samples to
assess whether any combination of these genes could be used to differentiate MDDs from Controls based
on expression profiles.
Results: Among 40 candidate genes, we identified a set of seven genes (PDGFC, SLC6A4, PDLIM5, ARH-
GAP24, PRNP, HDACS, and IL1R2), each of which had expression levels that differed significantly between
MDD and Control samples in the pilot study. To identify genes whose expression best differentiated
between MDDs and Controls, a linear discriminant function was developed to discriminate between
MDDs and Controls based on the standardized values of gene expression after Z-score transformation.
Ultimately, five genes (PDGFC, SLC6A4, ARHGAP24, PRNP, and HDAC5) were selected for a multi-assay
diagnostic test. In the pilot study, this diagnostic test demonstrated sensitivity and specificity of 80%
and 92%, respectively. The replication study yielded nearly identical results, sensitivity of 85% and
specificity of 89%.
Conclusions: Using leukocyte gene expression profiles, we could differentiate MDDs from Controls with
adequate sensitivity and specificity. Additional markers not yet identified might further improve the
performance of this test.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

(Levinson, 2006), and environmental factors (Caspi et al., 2003) can
affect the onset of MDD, but MDD pathogenesis is largely unknown.

Major depressive disorder (MDD) is a highly prevalent and
moderately heritable psychiatric disorder that causes major psy-
chological, physical, and social impairments. Lifetime prevalence
for MDD is estimated at about 16% or 17% and is definitely over 10%;
women are affected twice as often as men (Kessler et al., 2003;
Faravelli et al, 2013). Biological (Nestler et al, 2002), genetic

* Corresponding author. Department of Psychiatry, Course of Integrated Brain
Sciences, University of Tokushima School of Medicine, 18-15 Kuramoto-cho 3,
Tokushima 770-8503, Japan. Tel.: +-81 86 633 7130; fax: +81 86 633 7131.

E-mail address: igajunichi®@hotmail.com (J.-i. Iga).

htep://dx.doiorg/10.1016/i.jpsychires.2015.03.004
0022-3956/© 2015 Elsevier Ltd. All rights reserved.

Clusters of symptoms are currently used to diagnose MDD, and
most care is delivered by general practitioners. Recent evidence
indicates that diagnostic accuracy is highly variable in practice
(Cepoiu et al,, 2008). Undoubtedly, the development of easy-to-use
biological diagnostic tests for MDD can radically improve diag-
nostic accuracy.

Quantitative profiling of leukocyte mRNA expression is an
emerging and promising approach for assessing mental conditions.
Psychological changes associated with depression clearly affect the
hypothalamus-pituitary-adrenal (HPA) axis and the neuro-
endocrine, autonomic nervous, and immune systems (Connor and
Leonard, 1998; Raison and Miller, 2003). Importantly, receptors
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for stress mediators are expressed in leukocytes; for example,
neurotransmitter, hormone, growth factor, and cytokine receptors
are found in leukocytes; additionally these cells produce various
cytokines, including pro-inflammatory cytokines that stimulate the
HPA axis directly (Arzt, 2001; Ohmoti et al,, 2005).

Recently, changes in leukocyte gene expression have been
linked to MDD (iga et al.,, 2008; Hepgul et al, 2013). However,
expression of any one gene explains only a small proportion of the
variance associated with depression. Combining measurements
from individual markers into a single measurement often results in
superior diagnostic test performance. The goal of present work was
to develop and test the performance of a composite, multi-assay
diagnostic test for MDD based on leukocyte gene expression
profiles.

2. Methods and materials
2.1. Subjects

The protocol was approved and monitored by the Institutional
Review Boards at each participating center. Written informed
consent was obtained from each participant before any study
procedures were performed.

For the pilot study, we enrolled 25 MDDs from four psychiatric
hospitals in the Tokushima Prefecture of Japan: each MDD partic-
ipant was experiencing a single or recurrent major depressive
episode; 25 non-depressed healthy individuals were recruited from
Tokushima University Hospital to serve as Controls. The replication
study included 20 MDDs (14 drug-naive patients and 6 medicated
patients) from psychiatric hospitals in Tokushima and Kochi Pre-
fectures and 18 Controls recruited from Tokushima University
Hospital. Each of the six medicated patients was being treated with
antidepressants, but none reached remission (HAM-D < 7). The
diagnosis of MDD was established according to Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)
criteria by at least two trained psychiatrists. None of the patients or
controls in our study had any other medical disorder or any
concomitant medication. Antidepressant-treated patients (n = 6) in
the replication study had the antidepressants listed in Table 2.
Exclusion criteria for MDDs included not having used non-steroidal
anti-inflammatory agents, steroids or anticonvulsants within at
least the 2 months before study initiation. Demographic data for
participants in each study are shown in Tables 1 and 2.

2.2. Tissue processing, RNA purification, and sample preparation for
real-time PCR analysis

PAX gene blood RNA tubes (Qiagen, Tokyo, Japan) and PAX gene
Blood RNA kits (Qiagen, Tokyo, Japan) were used according to the
manufacturer's recommendations to extract total RNA from pe-
ripheral leukocytes taken from whole blood samples. More spe-
cifically, PAX gene Blood RNA kits were used to purify total RNA
from 2.5-ml samples of human whole blood collected in PAX gene
Blood RNA tubes. RNA concentration and RNA integrity were
analyzed with an Agilent 2100 Caliper LabChip Bioanalyzer (Agilent

Table 1
Demographic data of participants in the pilot study.
MDD Healthy subjects p Value

N 25 25
Male 7 9
Female 18 16 0.54
Age 43.0 + 140 404 £ 11.9 0.26
HAM-D score 224 + 7.1

Table 2
Demographic data of participants in the replication study.
MDD (naive) Healthy subjects p Value

N 20 (14) 18
Male 6 5
Female 14 13 0.60
Age 47.0 +11.9 448 + 11.2 0.56
HAM-D score 208 + 6.5

Concomitant antidepressants: sertraline 50 mgfday (n = 1), sertraline 25 mg/day
(n = 1), fluvoxamine 75 mg/day (n = 1), sertraline 25 mgfday (n = 1), sulpiride
50 mg/day (n = 1), mirtazapine 7.5 mg/day (n = 1).

Technologies, Palo Alto, CA, USA). The RNA Integrity Number (RIN)
values calculated using Agilent 2100 Caliper LabChip Bioanalyzer
were sufficient for the samples to be used for real-time PCR anal-
ysis; mean RIN for all leukocyte samples was 7.12 + 0.84. After
assessing RNA quality and quantity, individual total RNA samples
(2 um each), random (N6) primers, and Quantiscript Reverse
Transcriptase (Qiagen, Tokyo, Japan) were used to synthesize
cDNA:s.

2.3. PCR array procedure

A customized PCR array plate was used to examine gene
expression levels (Fig. 1). This plate had 96 wells and could house a
single unique genetic probe in each well. We could use this plate to
simultaneously assess the expression level of multiple genes. The
following criteria were used to select 40 candidate genes for the
pilot study: 1) expression must be altered in the leukocytes of pa-
tients with MDD (Hobara et al.,, 2010; Iga et al,, 2005, 2006, 2007a;
Numata et al, 2009), 2) expression must be altered by lithium
administration (Watanabe et al., 2014), and 3) the gene must be
previously associated with the neurobiology of MDD and

Fig. 1. Specific criteria were used to select 40 candidate genes; mRNA levels of these
candidates were examined simultaneously with custom-made PCR array plates.
Expression of genes indicated in blue was lower in patients than in controls. Expression
of genes indicated in red was higher in patients than in controls. Genes indicated in
green were highly expressed in leukocytes. Based on previous findings, expression of
genes indicated in yellow changed following lithium treatment. Genes indicated in gray
are housekeeping genes. Abbreviations: NTF3: neurotrophin3, ARTN: artemin, PDLIM5:
PDZ and LIM domain5, GLO1: glyoxalasel, REST: RE1-silencing transcription factor,
ARRB1: arrestin betal, NR3C1: nuclear receptor subfamily3 group C member1, EMP1:
epithelial membrane protein1, NMUR1: neuromedin U receptor1, HSPH1: heat shock
105 kDa/110 kDa protein 1, PRNP: prion protein, FASLG: Fas ligand, IL1B: interleukinl
beta, IL6: interleukinG, IFNG: interferon gamma, TNF: tumor necrosis factor, HDAC2:
histone deacetylase2, HDAC5: histone deacetylase5, PDE4B: phosphodiesterase4B
cAMP-specific, TNFSF12: tumor necrosis factor superfamily menber12, CREB1: cAMP
responsive element binding protein1, SLC6A4: solute carrier family6 member4, VEGFA:
vascular endothelial growth factor A, NSUN7: NOP2/Sun domain family member7,
ARHGAP24: Rho GTPase activating protein 24, UBE2B: ubiquitin-conjugating enzyme
E2B, ANK3: ankyrin3 node of Ranvier, IL1R2 interleukinl receptor type 11, platelet
derived growth factor C, IL12A: interleukin 124, IL15: interleukin15, IL18: interleukin18,
CXCL1: chemokine ligand1, MDK: midkine, SOCS3: suppressor of cytokine signaling3,
MPO: myeloperoxidase, FOS: FBJ murine osteosarcoma viral oncogene homolog, JUN:
jun proto-oncogene, ATF2: activating transcription factor2, STAT3: signal transducer and
activator of transcription3, RN18S1: 18S ribosomal RNA, ABL1: c-abl oncogenel non-
receptor tyrosine Kkinase, GAPDH: glyceraldehydes-3-phosphate dehydrogenase,
HPRT1: hypoxanthine phosphoribosyltransferasel, ACTB: actin beta, B2M beta-2-
microglobulin, 18S: 18S ribosomal RNA. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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detectably expressed in human leukocytes. For gene expression
analysis, real-time quantitative RT-PCR analysis was performed on
an ABI 7500 Fast Real Time PCR System (Applied Biosystems, Foster
City, CA). Measurements of expression of each gene were con-
ducted in duplicate. The AACt method was used to determine
relative expression of each gene in MDDs and Controls samples.
NormFinder, a statistical application, was used to evaluate the
stability of reference genes (Andersen et al., 2004). GAPDH had the
best stability score in both the pilot and the replication study and
was used as the reference gene for both studies. Primers for each
gene are listed in the Supplemental Table.

2.4. Development of the discrimination-score (D-score) and
statistical analyses

A value, designated Ctx, was determined for each gene and was
used to calculate the relative gene expression level (4Ctx) by
normalization to the reference gene, GAPDH. All statistical analyses
were performed with R ver3.1.1. Mann-Whiteney U tests (p < 0.05)
identified seven genes whose expression differed significantly be-
tween MDDs and Controls. A linear discriminant function was
developed for discrimination between MDDs and Controls based on
standardized values of gene expression after Z-score trans-
formation. The selection and optimization of the combination of
explanatory variables were performed with a round-robin algo-
rithm (as shown in Supplemental Table 2). Discriminant analyses
and calculations of Wilks's lambda were performed for all 127
combinations of explanatory variables, where 2 to 7 variables
(genes) were used per combination, and the sensitivity and speci-
ficity of each combination (n = 127) were investigated. For each
number of explanatory variables (from 2 to 7 genes), the combi-
nation showing the lowest Wilks's lambda is listed in Table 5. Thus,
the criterion for the selection of explanatory variables was that the
combination showed the lowest Wilks' lambda for that number of
explanatory variables (Table 5 and Supplemental Table 2). A low
Wilks's lambda means that the within-groups sum of squares and
product matrix were each small. Therefore, the optimized combi-
nation of genes with the lowest Wilks's lambda seemed to be a
gene set that generally possessed low-expression variance, and
each gene selected for the optimal combination tended to show
relatively high expression levels and low variances, such as PDGFC
and ARHGAP24 (as shown in Table 3).

Ultimately, a combination of five genes (PDGFC, SLC6A4, ARH-
GAP24, PRNP, and HDACS5) was selected based on discriminating
capacity (Table 5). A Discrimination score (D-score) for each indi-
vidual (MDD or Control) was calculated by multiplying coefficients
of linear discriminants, obtained by the Ida() function of the MASS
package in R, to the standardized values of expression of the five
selected genes. A D-score was calculated for each participant
sample in the pilot and replication studies. The D-score indicates
the probability of membership among the cases or among the
controls for each individual. The highest membership probability

Table 3
Delta Ct values of genes with significant differences in expression levels in the pilot
study.

Gene MDD patients(n = 25) Healthy subjects(n = 25) p Value
PDGFC 8.17 + 0.59 8.73+0.72 0.00247
SLC6A4 9.08 + 1.05 9.78 £ 0.79 0.00397
PDLIM5 4.85 + 0.54 5.26 + 0.61 0.00849
ARHGAP24 6.47 + 0.60 6.90 + 0.52 0.01794
PRNP 6.59 + 1.23 5.79 + 0.61 0.01794
HDAC5 448 + 050 491 + 0.67 0.03360
IL1R2 2.85 + 0.90 3.33+£059 0.03709

Table 4

Delta Ctvalues for each of 5 individual genes (bold) that constitute the Discriminant-
score and five other genes with significant differences in expression levels in the
replication study.

Gene MDD patients(n = 20)  Healthy subjects(n = 18)  p Value
PDGFC 713 + 1.02 7.52 + 0.88 0.176
SLC6A4 792 + 1.10 9.20 + 1.09 0.000499
PDLIM5 3.97 4 091 4.51 + 0.56 0.149
ARHGAP24 5.60 + 0.60 6.25 + 0.68 0.099
PRNP 6.13 + 1.68 6.11 + 0.88 0.654
HDACS 3.31 + 0.68 3.85 + 0.66 0.0222
IL1R2 1.85 4 0.93 2.36 + 0.70 0.0587
REST 0.86 :+ 1.239 2.06 + 0.773 0.00148
IFNG 1047 1 1.927 9.17 + 1.585 0.0443
FOS 1.73 + 0.996 2.54 + 0.706 0.0282
STAT3 145 4+ 1.079 239+ 0.633 0.00433
iL18 8.16 + 0.792 7.50 + 0.470 0.00148

for each case allowed for classification into one or the other diag-
nostic group.

A D-score was calculated for each sample in the pilot study as
follows:

D — score = 0.7345871*PDGFC + 0.3783558*SLC6A4
+ 0.5009830*ARHGAP24 — 0.7760468*PRNP
+ 0.4286675*HDACS5

A D-score was calculated for each sample in the replication
study as follows:

D — score = 0.05191909*PDGFC + 0.87038335*SLC6A4
+ 0.49387808*ARHGAP24 — 0.59542868*PRNP
+ 0.14893918*HDACS5 + 0.03535955

Any subject whose D-score was above zero was identified as a
“healthy subject”, and those with a D-score below zero was iden-
tified as an “MDD patient”. Indexes shown in Figs. 2 and 3 represent
the orders of samples sorted by D-score.

3. Results

Clinical and demographic characteristics of the subjects in the
pilot and replication studies are presented in Tables 1 and 2,
respectively. There were no significant differences in gender ratio
or subject age between MDDs and Controls in either the pilot or the
replication study.

3.1. Pilot study

A PCR array was used to examine gene expression in a primary
cohort comprising 25 unmedicated MDDs and 25 matched Con-
trols. Among the 40 genes examined, seven (PDGFC, SLC6A4,
PDLIM5, ARHGAP24, PRNP, HDACS, and IL1R2) had expression values
that differed significantly between the MDDs and Controls.
Expression values for each of these seven individual genes are re-
ported in Table 3. The D-scores for each subject are graphically
depicted in Fig. 2. The index in Fig. 2 represents the order of sam-
ples sorted by D-score. Of the 25 MDDs, 20 had an MDD-positive D-
score test. Of 25 Controls, 2 had a MDD-positive D-score test. D-
scores determined in the pilot study demonstrated sensitivity and
specificity of 80% and 92%, respectively, in differentiating between
MDDs and Controls. D-score was not significantly correlated with
age or severity of illness (HAM-D score). Additionally, D-scores did
not differ significantly between males and females.
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Table 5

Results of discriminant analysis involving 25 healthy subjects and 25 MDD patients in the pilot study.

Gene number Candidate gene Lowest Wilks' Lambda Sensitivity Specificity
2 PDGFC, PRNP 0.000213656 72 88
3 PDGFC, PRNP, ARHGAP24 0.000186772 80 84
4 PDGFC, PRNP, ARHGAP24, SLC6A4 0.0004431493 80 84
5 PDGFC, PRNP, ARHGAP24, SLC6A4, HDACS 0.000762158 80 92
6 PDGFC, PRNP, ARHGAP24, SLC6A4, HDACS, PDLIM5 0.001769471 80 92
7 PDGFC, PRNP, ARHGAP24, SLC6A4, HDAC5, PDLIMS, IL1R2 0.003991697 80 92

A combination of five gene expression values contributed to increases in sensitivity and specificity. According to this analysis, five genes (PDGFC, SLC6A4, ARHGAP24, PRNP, and

HDAC5) were selected for calculation of the Discriminant-score.
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Fig. 2. D-scores from the pilot study (@: MDD patient, O: healthy subject). The dis-
tribution of D-scores indicated a sensitivity and specificity of 80% and 92%, respectively,
in differentiating between MDD patients and healthy subjects.
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Fig. 3. D-scores from the replication study (@: MDD patients, O: healthy subjects).
The distribution of D-scores in the replication study indicated sensitivity and speci-
ficity of 85% and 89%, respectively, in differentiating between MDD patients and
healthy subjects.

3.2. Replication study

Expression values for each of the five individual genes that
constituted the D-score and for five other genes (REST, IFNG, FOS,
STAT3, and IL18) that exhibited statistically significant findings in
the replication study are listed in Table 4. D-scores for each subject
are graphically depicted in Fig. 3. The index in Fig. 3 represents the
order of samples sorted by D-score. D-scores in the replication
study demonstrated sensitivity and specificity of 85% and 89%,
respectively, in differentiating between MDDs and Controls. D-
score was not significantly correlated with age or severity of illness
(HAM-D score). D-scores did not differ significantly between males
and females or between antidepressant-treated patients and anti-
depressant-naive patients.

4. Discussion

We examined the diagnostic performance of a multi-assay,
leukocyte gene expression-based test in a case-control population
comprising patients with MDD and control subjects. Of 40 candi-
date genes, seven exhibited significantly different expression be-
tween MDDs and Controls in a pilot study involving a custom PCR
array. A combination of five of these seven genes contributed to
raising test sensitivity and specificity (Table 5). Based on this
analysis, five genes (PDGFC, SLC6A4, ARHGAP24, PRNP, and HDAC5)
were selected based on their discriminating capacity. In the pilot
study, the application of the test resulted in overall sensitivity and
specificity of 80% and 92%, respectively. In the replication study,
overall sensitivity and specificity were nearly identical (85% and
89%, respectively) to those in the pilot study; these findings
confirmed the findings of the pilot study. To our knowledge, this is
the first leukocyte gene expression-based test for MDD that in-
volves a customized PCR array plate and demonstrates confirmed
sensitivity and specificity of approximately 80% or greater. In
contrast, the combined dexamethasone—corticotrophin-releasing
hormone test, which is an improvement on the traditional dexa-
methasone suppression test, performed at 61% sensitivity and 71%
specificity in a recent study of MDDs (Watson et al., 2006).

Our current findings confirmed previous findings that the
expression of some genes (e.g., SLC6A4 and HDAC5) in leukocytes
differs between patients with MDD and control subjects (Iga et al,,
2005, 2007b). These genes may be promising markers for MDD
diagnosis because similar findings have been reported from several
independent laboratories (Hobara et al, 2010; Tsao et al, 2006;
Belzeaux et al.,, 2010). PDGFC had the lowest P-value among the
seven candidate genes identified in the pilot study. Recent studies
have shown that PDGFC is both an angiogenic and a neuronal
survival factor, and it appears to be an important component of
neurovascular crosstalk (Lee et al,, 2013). Although we could not
confirm a previous findings, specifically that VEGFA mRNA levels
were significantly higher in leukocytes of MDDs (Iga et al,, 2007b;
Shibata et al, 2013; Galecki et al, 2013), there was a trend




S.-y. Watanabe et al. / Journal of Psychiatric Research xxx (2015) 1—6 5

indicating increases in VEGFA mRNA in MDDs in this study (P = 0.16
Mann-Whiteney U test). Therefore, genes that mediate neuro-
vascular crosstalk such as PDGFC and VEGFA might be useful
markers for MDD diagnosis. Interestingly, PRNP was the only gene
among the five D-score-component genes that exhibited signifi-
cantly lower expression in MDDs. PRNP encodes the prion protein,
which has been implicated in various types of transmissible
neurodegenerative spongiform encephalopathies. PRNP is a
potentially important molecule influencing T-cell activation
(Tsutsui et al., 2008; Ingram et al.,, 2009). Decreased PRNP expres-
sion in patients with MDD may indicate impaired T cell function,
which may directly contribute to development of MDD (Miller,
2010).

Consistent with our proposal that a multi-assay-based test can
perform better than single-assay biomarkers, considerable overall
sensitivity and specificity were achieved even though consistent
statistically significant differences between patients with MDD and
healthy subjects were only demonstrated for two of the seven
markers. Whether additional markers that are not yet identified
can further improve the performance of this test is unknown.
Accumulating evidence indicates that multi-assay-based tests
actually performed better than single-assay biomarkers., For
example, Spijker et al. showed that analysis of blood levels of seven
lipopolysaccharide (LPS)-induced genes could be used as an
endophenotype for MDD diagnosis (Spijker et al.,, 2010); the MDD
score, which comprised data from the seven genes, could
discriminate depressive patients from healthy controls with
sensitivity of 76.9% and specificity of 71.8%. Although LPS stimula-
tion required a 5- to 6-h incubation in the study, analysis of LPS-
induced blood gene expression may overcome the normal noisi-
ness associated with analyzing expression in basal blood (Whitney
et al,, 2003). Papakostas et al. used two independent samples of
patients with MDD to examine a serum protein-based test for MDD.
Serum levels of nine biomarkers were combined to yield an MDD-
Score (Papakostas et al.,, 2013), In their pilot study, the test resulted
in overall sensitivity and specificity of 92% and 81%, respectively. In
their replication study, overall sensitivity and specificity were 91%
and 81%, respectively. Although further research is needed to
confirm the performance of these multi-assay-based tests, they
seem to be equivalent to a serum protein-based test and may be
potential as a clinical diagnostic test of MDD,

There are various advantages associated with measuring
feukocyte gene expression for a diagnostic test. For example, mRNA
is stable for long-term storage, and many genes can be examined
quickly and simultaneously with only a small amount of blood
when DNA microarrays or PCR arrays are used. Furthermore, such
tests are simple to repeat as the disease progresses. In contrast,
tests based on serum protein levels usually require days (not hours)
to complete, and the medication and repeated blood sampling
required for DST and Dex/CRH testing may be burdensome in
clinical use.

There are several limitations to the present study that need to be
taken into account. The influence of food or physical condition (e.g.,
body mass index, smoking, infection, and inflammation) on
leukocyte gene expression was not examined. The present study
was conducted with only adult patients; test specificity and
sensitivity with very young, adolescent, or elderly patients were
not examined. Furthermore, whether similar performance would
have been observed for patients with MDD who had other, non-
Japanese ethnic ancestry cannot be determined from the present
study.

In conclusion, our findings indicated that a multi-assay MDD
test based on expression of five genes in leucocytes yielded sensi-
tivity and specificity of over 80% each in differentiating patients
with MDD from non-depressed controls. Additionally, our findings

present the possibility that the gene expression profiles of pe-
ripheral leukocytes may be useful for clinical diagnostic test for
MDD. Further research is needed to confirm the performance of the
test across various age groups and ethnic groups, to examine any
additional diagnostic implications of the test, and to examine any
prognostic implications of this test.
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Introduction

Major depressive disorder (MDD) is a common mood disor-
der with a lifetime prevalence rate of 16.6%." According to the
Global Burden of Disease Study 2010, MDD was not only one
of the major leading causes of global disability-adjusted life years
but also a contributor of burden allocated to suicide.>” Clinical
diagnosis of MDD is made on the basis of clinical symptoms
that are exhibited by patients. However, an accurate diagnosis of
MDD is difficult for dlinicians,* and there are no established bio-
markers to support the diagnosis of MDD.

Epigenetics is defined as the study of mitotically or meiotically
heritable variations in gene function that cannot be explained by
changes in DNA sequence.” DNA methylation, which is the
transference of a methyl group to the 5-carbon position of the
cytosine in a CpG dinucleotide, is one of the major mechanisms
of epigenetic modifications. There is growing evidence for the
lasting influence of a modified DNA methylation status that is

established early in life.®” Aberrant DNA methylation in the
blood of patients with MDD and the associations of different
DNA methylation patterns with the phenotypic discordance of
MDD between twins have been reported.® ! Although the
effects of antidepressants and mood stabilizers on DNA methyla-
tion, both of which are major medications for patients with
MDD, have been reported,'*™ no comprehensive studies using
medication-free subjects with MDD have been conducted. Fur-
thermore, most of the previous studies have been limited to the
analysis of the CpG sites in CpG islands (CGIs) in the gene pro-
moter regions.

The main aim of the present study is to identity DNA methyl-
ation markers that distinguish patients with MDD from non-
psychiatric controls. We first conducted a genome-wide DNA
methylation profiling (485,764 CpG dinucleotides) of petiphetal
leukocytes in a discovery set of samples (20 medication-free
patients with MDD and 19 non-psychiatric controls), and
intended to classify patients with MDD and the controls using
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the selected DNA methylation markers in the discriminate analy-
sis. Furthermore, we examined whether these selected multiplex
DNA methylation markers from the discovery set could be a reli-
able tool to discriminate between patients with MDD and non-
psychiatric controls in another independent set of samples (12
medication-free patients with MDD and 12 non-psychiatric
controls).

Results

Diagnostic differences in DNA methylation between
medication-free patients with MDD and control subjects
in the discovery set

DNA methylation levels were compared between 20 medica-
tion-free patients with MDD and 19 control subjects using Infin-
ium® HumanMethylation450 BeadChips. Of 431,489 CpG
sites, significant diagnostic differences in DNA methylation were
observed at 363 CpG sites at FDR 5% correction (nominal
P < 4.15 x 107°) (Supplementary Table S1). Of these 363
CpG sites, all demonstrated lower DNA methylation in patients
with MDD than in the controls (Fig. 1), and some of them, such
as CAPRINTI (cell cycle associated protein ), CITED2 (Cbp/
p300-interacting transactivator, with Glu/Asp-rich C-terminal
domain, 2),'® DGKH (diacylglycerol kinase, eta),'” GSK3B (gly-
cogen synthase kinase 3 B),lg and SGKI (serum/glucocorticoid
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regulated kinase 1),'? have been associated with MDD. When
these 363 differentially methylated CpG sites were classified into
four categories (CGI, CGI shore, CGI shelf, and others) accord-
ing to the CpG content in the genes, most of them (99.4%) were
located in the CGlIs. When these 363 differentially methylated
CpG sites were classified into four different categories (promoter
region, gene body, 3’-UTR, and intergenic region) according to
their location in the genes, 313 sites (86.2%) were located in the
promoter regions, and 64 sites (9.1%) were in the gene bodies.
When we performed functional annotation of genes that showed
significant diagnostic differences in DNA methylation, signifi-
cant gene-ontology terms included nucleus, nuclear lumen,
nuclear part, and nucleoplasm at FDR 5% correction (nominal
P < 3.10 x 107°) (Supplementary Table S2). When we per-
formed a discriminant analysis between patients with MDD and
the control subjects based on the top 18 MDD-associated DNA
methylation markers of the Mann-Whitney U test comparison
resules, which were detected in 100% subjects (Supplementary
Table $3), we were able to segregate patients with MDD from
the controls with a sensitivity of 100% and a specificity of 100%
(Fig. 24).

Validation of diagnostic DNA methylation markers
for MDD in an independent set of samples

DNA methylation levels were measured in an independent
replication cohort of 12 medication-free patients with MDD and
12 control subjects using the same Illumina DNA methylation
arrays. Of the top 100 differentially methylated CpG sites in the
discovery set, 84 sites were also found to be significant in the rep-
lication set of samples (Mann-Whitney U-test, P < 0.05). To
assess whether a panel of selected DNA methylation markers
identified in the discovery set was useful as a reliable tool to dis-
criminate between patients with MDD and non-psychiatric con-
trols, 17 out of 18 sites were used for a discriminant analysis in
the replication set, because the DNA methylation level of one
site (cg11338389) was not detected in 100% of the subjects in
the replication set. We were also able to obtain a 100% sensitivity
and 100% specificity in the replication set using these 17 multi-
plex markers (Fig. 2B).

DNA methylation and expression in the GSK3B gene

Among the CpG sites that demonstrated significant diagnostic
differences in DNA methylation, GSK38 is one of the most inter-
esting genes, because this gene has been implicated in not only
MDD'® bur also in the therapeutic mechanism of antidepres-
sants.”® A significantly lower DNA methylation in patients with
MDD than in the controls was observed at the CpG site
(cg14472315) in the CGI in the promoter region of the GSK3B
gene both in the discovery set and in the replication set (Mann-
Whitney U-test, P = 9.7 x 107% and 1.4 x 1074, respectively).
GSK3B mRNA expression level in blood was compared between
19 medication-free patients with MDD and 19 control subjects,
and a significantly higher GSK3B expression level in patients with
MDD than in the controls was observed (Patients: 0.20 =+ 0.17;
Controls: 0.10 = 0.03; Student t test, P = 5.0 x 1072, which is
consistent with a previous human post-mortem brain study by Oh

Volume 10 Issue 2

_56__



Downloaded by [Tokushima University] at 22:18 21 May 2015

A

(B)

¢ ®0004q°%s

et al.'® When we examined the relationship between the GSK3B
promoter DNA methylation and expression in the combined sam-

ples (N = 38), we found a significant inverse correlation between
them (r= —0.319; 2= 0.025, one-tailed) (Fig. 3).

Discussion

In this study, we conducted a genome-wide DNA methylation

profiling of the peripheral leukocytes of patients with MDD
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using Infinium HumanMethylation450 BeadChips. To our
knowledge, this is the first comprehensive DNA methylation
study of blood using medication-free patients with MDD.

First, we identified aberrant DNA methylation in MDD at
363 CpG sites in the discovery set, and demonstrated that altered
DNA methylation in MDD was likely to show a pattern of DNA
hypomethylation. This pattern was different from that of DNA
hypermethylation in the medication-free patients with schizo-
phrenia in our previous study,”’ suggesting that disease-specific
DNA methylation changes may occur in blood.

Next, we selected top DNA methylation markers as potential
diagnostic biomarkers from the discovery set of samples (20 med-
ication-free patients with MDD and 19 control subjects), and
validated these selected markers in an independent replication set
of samples (12 medication-free patients with MDD and 12 con-
trol subjects) with 100% accuracy, suggesting that multiplex
DNA methylation markers may be useful for distinguishing
patients with MDD from non-psychiatric controls. To date, only
one study has successfully distinguished between medication-free
patients with MDD and healthy controls based on the DNA
methylation profiles of CpG sites in the CGI at the BDNF gene
promoter region.” Although Infinium HumanMethylation450
BeadChips covered this gene, the exact locations of CpG sites of
this array were different from those of a previous BDNF study by
Fuchikami et al. Several studies have attempted to differentiate
patients with MDD from controls using multiplex biomarkers
based on gene expression, plasma metabonomics, and serum
assay.”>?**® The muldplex DNA methylation diagnostic
markers for MDD that we identified in the present study exhib-
ited a higher accuracy compared to the previously used blood
biomarkers, and may therefore enable earlier and mote suitable
therapeutic intervention in patients with MDD.

Among these 313 differentially methylated CpG sites in the
CGIs in the gene promoter regions, several genes, such as DGKH
(cg00109274), GSK3B (cg14472315), and SGKT (cg06642177),
have been implicated in MDD. DNA hypomethylation in MDD
was observed in these 3 genes, and these results were confirmed
in the independent replication cohort (N = 24, Mann-Whitney
U test, P < 0.05). DGKH was originally identified as a suscepti-
bility gene of bipolar disorder in the genome-wide association
study by Baum et al.** Genetic variants of this gene have also
been associated with MDD,** and DGKH plays an important
role in the phosphatidylinositol pathway, which is thought to be
involved in the action of lithium,?>?® not only a primary thera-
peutic agent for bipolar disorder but also an augmentation agent
of antidepressants for MDD. GSK3B is a fascinating enzyme that
plays crucial roles in many signaling processes that are involved
in key functions of the brain.”” Extensive evidence suggests that
GSK3B may be implicated in MDD. Genetic variants of this
gene have been associated with MDD, the antidepressant
response in patients with MDD, brain structural changes in
patients wich MDD, and clinical measures of MDD.?*?! In
addition, increased expression of this gene was observed in the
brain of patients with MDD.'® Moreover, GSK3B seems to be
involved in the therapeutic mechanism of antidepressants and
lithium. Treatment with the antidepressants fluoxetine and
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imipramine, as well as lithium, increased the level of phosphor-
Ser9-GSK3B in mouse brain.’**? Furthermore, growing evi-
dence indicated that BDNF also plays an important role in the
pathophysiology of MDD,*® and the phosphorylation of GSK3B
mediated by BDNF/PI3KIAkt has been repotted to be involved
in the antidepressant action of the second generation antipsy-
chotics, such as aripiprazol and olzmzaq:»ine;34’35 SGK1 contrib-
utes to the regulation of transport, hormone release,
neuroexcitability, inflammation, cell proliferation, and apopto-
sis.”® There is evidence of the crucial involvement of the gluco-
corticoid receptor (GR) in the development of MDD.* SGK1 is
one of the GR targer genes. Moreover, increased expression of
this gene in the peripheral blood of drug-free patients with
MDD has been reported.”” In addition, SGK isoforms were
involved in the signaling of BDNF.*®

There are several limitations to the present study. First, cell-
type heterogeneity in peripheral blood might affect DNA meth-
ylation patterns.” So, cell-type-specific studies may be needed.
Second, the number of CpG sites analyzed was limited, and there
was a selection bias of the analyzed CpG sites in this study. More
comprehensive studies will be needed. Third, we compared only
MDD patients with non-psychiatric controls. Further studies
using patients with other psychiatric disorders will be needed to
establish reliable markers which support the diagnosis of MDD.
Fourth, we included several patients with MDD during their
recurrent depressive episodes. So the medications during their
previous episodes might affect the present DNA methylation sta-
tus. Finally, although we used well-matched patients and controls
with respect to age and gender, we did not take other confound-
ing factors, such as smoking or body mass index, into consider-
ation in our analysis. “>4!

In summary, this study demonstrated that multiplex DNA
methylation markers distinguished patients with MDD from the
control subjects with high accuracy, and this result was replicated
in an independent set of samples. These results suggest that mul-
tiplex DNA methylation markers may be useful for distinguish-
ing patients with MDD from non-psychiatric controls.

Materials and Methods

Participants

For our discovery set of samples, 20 medication-free patients
with MDD (2 males and 18 females, mean age: 44.2 + 15.2y)
were recruited from Tokushima and Kochi University Hospitals
in Japan. The diagnosis of MDD was made by at least two expe-
rienced psychiatrists according to DSM-IV criteria on the basis
of extensive clinical interviews and a review of medical records.
The severity of MDD was evaluated using the Hamilton Rating
Scale for Depression (HAM-D). Among the 20 patients, 17 had
no history of antipsychotics, including antidepressant and mood
stabilizers, and 2 had not taken any antipsychotics for at least six
months, and one patient took Zolpidem. Nineteen control sub-
jects (2 males and 17 females, mean age: 42.4 =+ 12.3 y) were
selected from volunteers who were recruited from hospitﬁl staff,
students, and company employees documented to be free from
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