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Differential protein analysis of chicken skin infected with Marek's disease virus
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Summary. - The skin and feather follicle epithelia of birds infected with MareK’s disease virus (MDV) are
the sites of infectious virus particle formation and shedding. However, the host responses and protein networks
involved in the production of virus particles in the skin of MDV-infected chickens are poorly understood. This
current study aimed to analyze the differential protein expression patterns in skin between MDV-infected and
uninfected specific pathogen-free (SPF) chickens 28 days post infection (dpi) by combining two-dimensional
electrophoresis (2-DE) and mass spectrometry (MS) analyses. Through 2-DE analysis, our results revealed 23
proteins whose expression changed significantly following infection, of which 16 proteins were confirmed by MS.
The identified proteins were functionally classified into 5 groups: immune-related, cell regulatory, cytoskeletal,
metabolism-related and transport proteins. A single protein, beta 2-microglobulin, was further confirmed by
real-time quantitative PCR. Beta 2-microglobulin expression was significantly increased in the infected group
28 dpi. This indicates that beta 2-microglobulin might play very important roles in the viral evasion from host
immune response.

Keywords: Marek's disease virus; skin; two-dimensional electrophoresis; beta 2-microglobulin; real time

quantitative PCR

Introduction

MareKs disease virus (MDV) is a highly cell-associated
alpha herpesvirus that replicates in genetically resistant
and susceptible chickens. Symptoms of the classical form of
MareK’s disease (MD), such as tumors or lymphocyte infiltra-
tions, develop as early as 3-4 weeks post infection and are
found in the neural and visceral tissues (Calnek, 2001). In
MDYV infection, the feather follicle epithelium (FFE) plays an
important role in the transmission of MDYV, as it constitutes
the site of infectious virus particle formation and virus shed-
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Abbreviations: MD = Marek's disease; MDV = MD virus;
FFE = feather follicle epithelium; MHC I = major histocompat-
ibility complex class I; SPF = specific pathogen-free; dpi = days post
infection; 2-DE = two-dimensional electrophoresis; CEFs = chicken
embryo fibroblasts; 32M = beta 2-microglobulin

ding (Calnek et al., 1970). The MDV genome can be detected
in the feather tips of infected birds as early as 7 days post
infection (dpi) by real-time PCR with SYBR green staining.
MDYV expression culminates 14-28 dpi and then gradually
decreases. The virus genome load was greater in feathers
than in other tissues, such as the spleen and lymphoid tissues
(Abdul-Careem et al., 2006; Baigent et al., 2005). Due to their
important roles in the release and transmission of viruses,
host responses induced in the feather follicle epithelium and
the skin have recently attracted significant attention. The
infiltration of CD4+ and CD8+ T cells and the enhanced
expression of cytokines, such as IL-18, IL-6, IFN-y, and the
major histocompatibility complex class I (MHC I) genes,
were found in the feather pulp of MDV-infected chickens
(Abdul-Careem et al., 2008, 2009). However, previous stud-
ies on feathers and skin have been limited to examining the
level of transcription of individual genes. It has become
obvious that transcriptional profiles are not always directly
correlated with actual protein levels or protein functions.
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At the present time, the protein networks involved in the
production of virus particles in the skin of MDV-infected
chickens are poorly understood.

Protein expression can be studied by proteomic assays us-
ing two-dimensional gel electrophoresis (2-DE) as a central
tool for protein separation. Proteomic analyses have been
used extensively for the investigation of virulence factors,
host responses to pathogens and viral pathogenesis. Host
responses induced by MDV infection have been observed in
the thymus, spleen and bursa of Fabricius (Hu et al., 2012; Lu
et al., 2010; Thanthrige-Don et al., 2009, 2010). In this paper,
we used the skins of MDV-infected chickens 28 dpi to obtain
2-DE profiles of total soluble proteins in order to analyze the
differential protein expression between MDV-infected and
uninfected specific pathogen-free (SPF) chickens.

Materials and Methods

Infectious virus. MDV serotype 1 strain RB1B stock was main-
tained in our laboratory and grown in secondary chicken embryo
fibroblasts (CEFs) at 37°C in a 5% CO, atmosphere. The cells were
harvested for the measurement of viral titers when the cytopathic
effect became clearly visible in approximately 80% of the cells.

Experimental animals. All chickens used in this study were
1-day-old SPF white Leghorn chickens obtained from Merial Vital
(Laboratory Animal Technology Co. Ltd., China). The animals were
divided randomly into two groups and were housed in an isolation
facility. One group (n = 24) was inoculated intraperitoneally with
800 PFU of the MDV RBIB strain. A second group (n = 24) was
used as uninfected controls. Infected and uninfected birds were
kept in separate units with similar environmental conditions.
All animal experiments were conducted in accordance with the
guidelines provided by the Chinese Council on Animal Care. All
experiments complied with institutional animal care guidelines
and were approved by the University of Yangzhou Animal Care
Committee (protocol number 06R015).

Skin sample preparation. Three chickens from each group were
euthanized using CO, inhalation 28 dpi. Skin samples from the
abdomen and neck with downy feathers were collected. Adipose
and muscle tissues adhered to the skin were removed as much as
possible. After taking each sample (0.5 cm x 0.5 cm) for formalin
fixation, the remaining samples were frozen at -70°C.

Microscopy observation. Formalin-fixed paraffin-embedded
tissues from each group were sectioned (5 um), stained with
hematoxylin and eosin, and examined under a light microscope
(Leica DM750).

Protein extraction. Frozen skin samples were ground in liquid
nitrogen with a pre-chilled mortar and pestle, and 50 mg of tis-
sue powder was dissolved in lysis buffer containing 8 mol/l urea,
2% CHAPS, 50 mmol/l DTT, 0.2% Bio-Lyte 3/10 ampholyte and
a cocktail of protease inhibitors. The samples were incubated at
room temperature for approximately 2 hr with occasional shak-

ing, and then sonicated on ice in 34 cycles with 30 second bursts.
After centrifugation at 12,000 rpm for 1 hr, the supernatants were
transferred to clean 1.5 ml tubes. The total protein concentrations
of the tissue lysates were determined using a Protein Assay kit (Bio-
Rad Laboratories), and the samples were stored at -70°C prior to
two-dimensional electrophoresis (2-DE).

Two-dimensional electrophoresis (2-DE). For each sample, ap-
proximately 400 pg of proteins were diluted in rehydration buffer
(with the same composition as the lysis buffer) to a total volume
of 300 pl and were loaded into a 17 cm IPG strip (pH 5-8). 2-DE
was performed as previously described (Chen et al., 2011). Briefly,
isoelectric focusing was carried out according to the recommended
parameters (250 V for 1 hr, 1,000 V for 2 hr, 8,000 V for 5 hr, and
8,000 V for 60,000 Vhs). After equilibration, each IPG strip was
placed on a 12% SDS-polyacrylamide gel for separation in the
second dimension. Each sample was analysed in triplicate, using
three biological replicates from each group to account for vari-
ability among animals. The control and infected 2-DE gel images
were scanned with UMAX PowerLook 2100xl (UMAX, China),
and the images were exported in TIFF format. Six images (3 x 2
groups) with higher resolution were analyzed using PDQuest 8.0.1
software (Bio-Rad Laboratories). The gel spots for which intensity
abundances were observed to change approximately two-fold or
greater, as detected by the software, were further analyzed with
Student s t-test.

Mass spectrometry and database searches. After analysis with
PDQuest 8.0.1 and Students #-test, 20 altered spots (>2.0-fold change
and P <0.05) were cut from the gels and submitted to Southern Medical
University (Guangzhou, China) for analysis using matrix-assisted laser
desorption ionisation time-of-flight mass spectrometry (MALDI-TOF
MS). The protein samples were digested into peptides with trypsin at
37°C. The peptides were then ionized and mass spectra were obtained
following ion detection in the MALDI trap together with an Applied
Biosystems 4700 Proteomics Analyzer (Applied Biosystems). The
UV laser was operated at 200 Hz with a wavelength of 355 nm. The
accelerated voltage was 20 kV. A trypsin fragment peak served as an
internal standard for mass calibration, and the mass spectra for all
samples were obtained using the default acquisition mode. The raw
MS data output files were searched by GPS Explorer using MASCOT
(Matrix Science, UK). The following search parameters were applied:
the peptide molecular mass ranged from 800 to 4,000 Da, the alkyla-
tion of cysteine by carbamidomethylation and oxidation of methionine
were considered as possible modifications, the peptide masses were
monoisotopic, a mass tolerance of 50 ppm was used and 1-2 missed
cleavages were allowed per peptide. Molecular functions and biological
processes for identified proteins were assigned according to the Gene
Ontology database and prior literature annotation.

Identification of B2M mRNA by real-time quantitative PCR.
From each sample, 50 mg of tissue powder ground in liquid ni-
trogen were used for total RNA extraction using the Total RNA
Miniprep Kit (Axygen, USA), followed by DNase I (Fermentas,
Canada) treatment for 30 min to remove genomic DNA. Reverse
transcription of total RNA (1 ug) was carried out using a reverse
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Fig. 1

Lesions of MDV-infected chicken skin stained with hematoxylin (10x40)
Lymphocytes of multiple sizes and morphologies (indicated by arrows) could be observed infiltrating the subcutaneous tissue and feather pulp isolated
from the infected group. Al: Subcutaneous tissue of infected group, A2: feather pulp of infected group; B1: subcutaneous tissue of control group, B2:

feather pulp of control group.

transcription kit (Takara, Japan) according to the manufacturer's
instructions.

The sequences of primers were obtained from Li et al. (2005). For
the beta 2-microglobulin gene, the primers were 5'-AAG GAG CCG
CAGGTCTAC-3"and5"-CTT GCT CTT TGC CGT CAT AC-3". For
the beta-actin gene (internal control), the primers were 5'-GAG AAA
TTGTGCGTGACATCA-3"and5’-CCT GAA CCT CTCATT GCC
A-3". The primers were synthesized by Shenergy Biocolor Bioscience
& Technology Company (China). Real-time quantitative PCR experi-
ments were conducted using the ABI 7500 system (Applied Biosystems,
USA) in a final reaction volume of 20 l, including 10 pl of SYBR Green
I (ABI, 2x), 2 ul of cDNA (reverse transcribed from 50 ng total RNA)
and 0.4 umol/l of both the forward and reverse primers. Three replicates
of each sample and a negative control (without template) for each gene
were set to amplify simultaneously. The optimal thermal cycling was
carried out using the following procedure: 95°C/10 min, followed by
40 cycles of 95°C/15 sec and 64°C/1 min, melting curve analysis at
95°C/15 sec, 64°C/1 min and 95°C/30 sec, 64°C/15 sec. Fluorescent
acquisition was performed at 64°C/1 min. After amplification, the
data were analyzed using the 2-**“"method (Livak and Schmittgen,
2001). Specifically, [(CT beta 2-microglobulin - CT beta-actin)
infected group - (CT beta 2-microglobulin - CT beta-actin) control
group] was used for the calculation.

Results

Skin lesions of chickens infected with the MDV RBIB strain

Visible skin lesions in the infected group did not develop
until 28 dpi. Small hemorrhagic skin spots were observed on
some MDV-infected chickens. Microscopic analysis showed
that a large number of lymphocytes had infiltrated the feather
pulp, subcutaneous tissue and small subcutaneous vessels of
three chickens from the infected group (Fig. 1).

Proteomic analysis of skin tissues from infected and
control chickens

The 2-DE gels allowed the separation of total proteins iso-
lated from chicken skin. Analysis using PDQuest 8.0.1 revealed
that approximately 500-600 polypeptide spots could be detected
on each 2-DE gel. The match rate between the infected and
control group was approximately 86%. A total of 23 differentially
expressed protein spots were detected in chickens from the
infected group relative to the control group, including 7 newly
induced (marked “New” on 2-DE gels) proteins, 13 up-regulated
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Fig. 2

Two-dimensional gel electrophoresis analysis of chicken skin
Proteins were separated in the first dimension based on their isoelectric points within pH 5.0-8.0 and in the second dimension by molecular mass using
SDS-PAGE (12% acrylamide). The gels were stained using blue silver staining. Differentially expressed protein spots were annotated (New: newly induced;
Up: up-regulated; Down: down-regulated). A: MDV-infected group; B: uninfected control group.
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Table 1. Differentially expressed proteins identified by MALDI-TOF/TOF in the skin of chickens infected with MDV

. . Protein .
Spoton  Accession . Protein Peptides o .
Protein name score Peptide information
gels No. score 1 matched
L.70

Putative uncharac- YQHEDGR FIVYSYK LVQTAELTK NTEDLTEEWLR
Up-1 IPI00570959 terized protein 80 99.977 6 QLVVLDEEHEGISPDELKDELPER
P VSYPLCFIFSSPVGCKPEQQMMYAGSK

EAFSLFDR EVEFNPASIK KEVEFNPASIK ALGQNPTQAEVMK
VEFTPDQIEEFK DTGTYEDFVEGLR VLGRPKQEEMNSK

128 100 14 VEDKEGNGTVMGAELR TKDTGTYEDFVEGLR EGNGTVM-
GAELRHVLR EEPKPAPKPAEPEPKK MIDFETFLPMLQHISK
MIDFETFLPMLQHISKTK VEFTPDQIEEFKEAFSLFDR

Myosin light chain

-2 IPI
Up 00590587 1, cardiac muscle

EKAKGVSVK NECFLSFK YNDLKEETFK DSYGAMADCCSK
VSFLGHFIYSVAR AVAMITFAQYLQR ADPERNECFLSFK AD-
PERNECFLSFK JAKGYESLLEKCCK MMSNLCSQQDVEFSGK

Up-3 1P100574195  Albumin serum 66 99.425 15 GVSVKQQYFCGILKQFGDR HPFLYAPAILSFAVDFEHALQSC-
CK CCKQSDINTCFGEEGANLIVQSRATLGIGA
CVANEDAPECSKPLPSIILDEICQVEK VSQPDFVQPYQRPASD-
VICQEYQDNR

LEEIREK GHVEELRK LTPVAEEAR DLEEVKEK LTPVAQELK
LTPYAENLK VMEQLSNLR MTPLVQEFR NLAPYSDELR
GIPQASEYQAK LISFLDELQK WTEELEQYR LREDMAPYYK

Up-4 IPI00580765 Apolipoprotein A-I 296 100 22 KNLAPYSDELR IRPFLDQFSAK ERLTPYAENLK EKMT-
PLVQEFR EMWLKDTEALR MTPLVQEFRER EKIRPFLDQEF-
SAKIRDMVDVYLETVK ASGKDAIAQFESSAVGK SFWQH-
DEPQTPLDR L

GHVEELRK LTPVAEEAR LTPVAQELK LTPYAENLK
VMEQLSNLR MTPLVQEFR NLAPYSDELR GIPQASEYQAK

Up-5 1P100580765 Apolipoprotein A-I 115 100 16 LISFLDELQK WTEELEQYR LREDMAPYYK KNLAPYS-
DELR IRPFLDQFSAK EKMTPLVQEFR EMWLKDTEALR
DLEEVKEKIRPFLDQFSAK

IGVAAQNCYK SHVSDAVAQSTR LDEREAGITEK IIYGGSVT-
GGNCK GAFTGEISPAMIK SLGELIHTLNGAK IGVAAQN-
TPI1 Triosephos- 365 100 15 CYKVPK HVFGESDELIGQK TATPQQAQEVHEK MAPRK-
phate Isomerase FFVGGNWK VVLAYEPVWAIGTGK RHVFGESDELIGQK
TATPQQAQEVHEKLR VAHALAEGLGVIACIGEK LSADTEV-
VCGAPSIYLDFAR

Up-6 1P100582452

EQQDDEFK SIKIEFSK HVLATLGEK EAFLLEDR ITLSQVG-
DIVR EGNGTVMGAELR ALGQNPTNAEINK ILGNPS-
KEEMNAK DQGTFEDFVEGLR VFDKEGNGTVMGAELR
GQEDSNGCINYEAFVK EQQDDFKEAFLLFDR ITFEEFLPM-
LQAAANNK

MTEEEVEELMKGQEDSNGCINYEAFVK

Myosin light chain
Up-7 IP100578052 1, skeletal muscle 299 100 13
isoform

LEEIREK GHVEELRK LTPVAEEAR DLEEVKEK LTPVAQELK
LTPYAENLK VMEQLSNLR QKVELMQAK VMEQLSNLR
LSQKLEEIR MTPLVQEFR NLAPYSDELR GIPQASEYQAK
LISFLDELQK WTEELEQYR LREDMAPYYK KNLAPYSDELR
IRPFLDQFSAK ERLTPYAENLK LADNLDTLSAAAAK EKMT-
PLVQEFR EMWLKDTEALR AELTKDLEEVKEK WTEELEQYR
IRDMVDVYLETVK ASGKDAIAQFESSAVGK SFWQHDEPQT-
PLDR

Up-8 1P100580765 Apolipoprotein A-I 294 100 27

ELGVGFATR MCDQFVGTWK LLSSENFEDYMK LGEEFDET-
TADDR LGEEFDETTADDRK VVDGNLLVECTMNNVTSK

88 99.994 10 KVVDGNLLVECTMNNVTSK MAGVAKPNLTISINGDVITIR
LLSSENFEDYMKELGVGFATR CDQFVGTWKLLSSENFED-
YMK

Adipocyte fatty acid

Up9 IPIOOSBBS3 i rotein
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. Protein
Protein

score L€
C.lL%

Accession
No.

Spot on

Protein name
gels

Peptides
matched

Peptide information

PGK1 Phos-
phoglycerate
kinase

10  Up-10 1P100574153 257 100 16

IVKDLMAK FHVEEEGK KELDYFAK FHVEEEGKGK AHSSM-
VGVHLPQK

LGDVYVNDAFGTAHR VQDKIQLISNMLDK FHVEEEG-
KGKDASGNK EVSFLKDCVGPEVEK VSHVSTGGGASLEL-
LEGK GCITIIGGGDTATCCAK ALESPERPFLAILG-

GAK ACANPANGSVILLENLR VVMRVDFNVPMKDHK
VLNNMQIGNSLFDEEGSK WNTEDKVSHVSTGGGASLEL-
LEGK

RBP7
Similar to retinoid
binding protein 7

11  Up-11 1P100597641 254 100 11

DYMLQFK QDGDSFSIHTTSTF IGEEFEEDNKGLDNR IGEE-
FEEDNKGLDNRK

GWTHWLEGDDLHLELR VIKQDGDSESIHTTSTFR SLVT-
WDNDKLICIQAGEK SLVTWDNDKLICIQAGEKK NRG-
WTHWLEGDDLHLELR QDGDSESIHTTSTFRDYMLQFK
VIKQDGDSFSIHTTSTFR DYMLQFK

12 Up-12  IPI00586105 [-enolase 118 100 17

ISVVEQEK TIGPALIEK KISVVEQEK VGAEVYHSLK
AATAQAGYTDK DGRYHLDFK FGANAILGVSLAVCK VVIG-
MDVAASEFCR LAQSHGWGVMYVSHR VNQIGSVTESIQACK
IAHGAEQHACNCLLLK SKFGANAILGVSLAVCKAGAAEK
LAMQEFMVLPVGAASFHDAMR
SGETEDTFIADLVVGLCTGQIK DYPVVSIEDPEDQD-
DWEAWKR

AATAQAGYTDKVVIGMDVAASEFCR HIADLAGNTE-
LILPVPAFNVINGGSHAGNK

Heat shock protein

1 -2
3 New 25

IP100581424 100 9

ETQNTDEK NFAPEQLSVK GSESYKYEVLK GSFSYKYEVLKR
MHLAPFASSSLATR ETQNTDEKGSFSYK MHLAPFASSS-
LATRLGTVR ETQNTDEKGSFSYKYEVLK TLWPHAETIF-
SELQQEMEK

14 New-3  IPI00583199 [2-microglobulin 89 99.997 4

NVLNCFAAGFHPPK VEHETLKEPQVYK LVHADFTPSSGSTY-
ACK
DGVPMEGAQYSDMSENDDWTEFQR

IPI00592568 Creatine kinase M- 63

type

15  New-7 98.798 4

GYSLPPHCSR DLFDPVIQDR FSAEEEFPDLSK
LSVEALNSLEGEFK

16 Down-3 [IPI00820372 TTR 15kD protein 201 100 7

GSPAANVAVK VEFDTSSYWK AADGTWQDFATGK
KAADGTWQDFATGK

GLGLSPFHEYADVVFTANDSGHRH YTIAALLSPFSYSTTAV-
VSDPQE TTEFGEIHELTTEEQFVEGVYR

(=2.0-fold change, marked “Up”) proteins and 3 down-regulated
(=2.0-fold change, marked “Down”) (Fig. 2) proteins.

MS analysis and identification of differentially
expressed proteins

The 20 spots with significantly altered expression pat-
terns following infection were subjected to MALDI-TOF
MS analysis, and 16 of the initial 20 were identified suc-
cessfully. Among the identified proteins, three up-regulated
protein spots that were similar in molecular weight but
slightly different in isoelectric point were all shown to
be apolipoprotein Al (apo AI). Other identified proteins
included beta 2-microglobulin, heat shock protein 25,
creatine kinase M-type, phosphoglycerate kinase, and so
on (Table 1). According to gene ontology databases and

literature review, the identified proteins were classified into
the following 5 functional groups: immune-related, cell
regulatory, cytoskeletal, metabolism-related and transport
proteins (Table 2).

Real-time quantitative PCR analysis of beta 2-microglobulin

Beta 2-microglobulin and beta actin were amplified
from all samples, whereas the negative control reactions
yielded no products. The melting curves showed that PCR
each product had a single peak. The CT (cross threshold)
values of all the samples are listed in Table 3. The 2-44¢T
value was calculated using the 2-**“T method and deter-
mined to be 3.86. These results suggested that the mRNA
levels of beta 2-microglobulin are 3.86-fold greater in the
infected group than in the uninfected-control group.
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Table 2. Functional classification of differentially expressed proteins

Molecular Fold change in ex-
Classification Protein name mass (kD)/  Major function chang
pl pression (t-value)
Component of the class I major histocom-
Immune-related proteins beta-2-microglobulin 11.04/5.46 patibility comp fex (M_HC)' Inyolved in the 3.7%
presentation of peptide antigens to the
immune system
Heat shock protein 25 18.14/6.31  Protein binding 2.8*
Regulatory proteins ium i indi -
& VP Putative uncharacterized protein 16.7/5.19 gjiltc;um ion binding, growth factor ac 3.9%
Myosin light chain 1, 2198/522  Calcium ion binding 3.0¢
Cytoskeletal protei cardiac muscle isoform
oskeletal proteins o . S
Myosm light chain 1, skeletal muscle 20.88/4.96 Calcium 1f)r.1 binding, 41*
isoform motor activity
Creatine kinase M-type 4.3/6.5 ATP binding, creatine kinase activity 2.5%
beta-enolase 47.16/7.28 Magnesium ion binding, phosphopyruvate 5%
hydratase activity
Apolipoprotein A-I' 30.66/5.58 Lipid metabolism 8.9%%/3.5%/5.2%*
Metabolism-related proteins . ) ) . =
TPI1 Triosephosphate isomerase 26.60/6.71  Triose-phosphate isomerase activity 2.8%
PGK1 Phosphoglycerate kinase 44.68/8.31  Kinase transferase 6.3**
: : : 2+ + +
Serum albumin 699/551 ~ binding capacity for Ca®, Nar, K, fatty 3.4¢
acids, hormones, bilirubin and drugs
T t tei
ransport profemns Adipocyte fatty acid binding protein ~ 14.88/6.34  Lipid binding, transporter activity 5.1*
RBP7, Similar to retinoid binding 29.03/8.66  Retinoid binding, transporter activity 4.6*
protein 7
Transthyretin (TTR) 15kD protein 14.96/4.98  Thyroid hormone-binding protein -4.2%

Note: Positive t-values indicate upregulation; negative values indicate downregulation. *P <0.05, **P <0.01. 'Three separate upregulated spots were identi-

fied to be apolipoprotein A-I

Discussion

In the present study, 1-day-old SPF chickens were infected
with the MDV-1 RBIB strain, and by combined 2-DE and
MALDI-TOF MS analyses, 16 proteins with markedly altered
expression patterns were identified in the skin of infected
birds 28 dpi. These proteins could be classified into 5 func-
tional groups: immune-related, cell regulatory, cytoskeletal,
metabolism-related and transport proteins.

Among the proteins identified in this study, beta 2-mi-
croglobulin (f2M), which was newly induced in the infected
group, was of significant interest. Real-time quantitative PCR
of B2M mRNA confirmed that the associated gene expres-
sion level in the infected group was much higher than that
in the control group. f2M is one component of MHC class

I, which is found on the surface of all nucleated cells. In
this study, the absence of detection of p2M on control maps
may be due to insufficient sensitivity of staining. MHC class
I molecules play important roles in presenting endogenous
antigens such as viral proteins and tumor proteins to cy-
totoxic T-cells (CTLs). Many infectious agents, including
herpesviruses, have developed mechanisms to evade CD8+
CTLs by interfering with MHC class I antigen processing
and presentation (Johnson and Hill, 1998; Petersen et al.,
2003; van der Meulen et al., 2006).

MDV infection led to downregulation of MHC class
I molecules in vitro and in tumor cells, but the relevance
of this mechanism in the pathogenesis of MDYV infection
is still poorly understood (Gimeno et al., 2001; Hunt et al.,
2001; Levy et al., 2003). We have found that f2M expression
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Table 3. CT values of beta-2 microglobulin and beta-actin genes amplified by real-time quantitative PCR

B-2microglobulin CT

Sample B-actin CT mean+SD ACT ACT mean ANCT s
mean+SD

L 18.488+0.054 16.676+0.202 1.812 2.145 -1.948 3.86
L 19.251+0.112 16.952+0.203 2.229

L 19.458+0.031 17.064+0.089 2.394

C, 20.722+0.042 18.371+0.414 2.351 4.093

C, 21.237+0.061 17.183+0.132 5.054

C 21.817+0.047 16.943+0.235 4.874

Note: sample names I, I, and I, refer to three different individuals from the infected group, C,, C, and C, refer to three different individuals from the

control group.

is decreased in the bursa of Fabricius in chickens infected
with MDV (Lu et al., 2010). The decline of f2M may help
the virus escape from host immune recognition and thus
may contribute to host immunosuppression. However, the
expression of MHC class I molecules in cells infected with
MDYV seems to be variable. Some studies have reported the
increased expression of MHC class I molecules and the f2M
gene in CEFs infected with MDV, MD lymphoma and the
feather pulp of MDV-infected chickens (Abdul-Careem et
al., 2008; Burgess and Davison, 2002; Morgan et al., 2001).
These findings show that host responses are generated in
the skin and feathers, which could be exploited as targets for
developing strategies to control MDYV infection in the FFE,
thus limiting horizontal virus transmission. However, why
these host-mediated responses are not effective in disruption
of the productive phase of MDV infection remains unclear.
Levy et al. (2003) have reported the downregulation of MHC
class I expression in CEFs infected with the MDV strain
RB1B; however, the downregulation of the MHC-I a chain
is greater than that of B2M. These results led to the proposal
that MDV may encode an alternative molecule to replace the
chicken a chain to aid the virus both in the evasion of CTL
recognition and in survival during natural killer cell attack.
These observations raise an important question: what is
the role of B2M in MDV-infected chickens? Heikkila et al.
reported that RNA interference-induced silencing of f2M
efficiently inhibited coxsackievirus A9 (CAV9) infection
of A549 human lung carcinoma cells and caused CAV9 to
accumulate on the cell surface. These results suggested that
B2M was involved in internalization of the virus (Heikkila et
al.,2010). Therefore, we speculate that f2M may be involved
in the process of viral adsorption and penetration and may
promote viral replication and proliferation in FFE. However,
the specific mechanisms underlying these processes require
further investigation.

In addition to the increased expression of B2M following
MDYV infection, the levels of f2M are elevated in multiple hu-
man tumor types. Moreover, the increased tissue/serum level
of B2M is associated with cancer cell migration and invasion
(Canovas et al., 2010; Triozzi et al., 2013). Recent studies have

demonstrated that tumor cells treated with antibodies specific
for f2M or MHC class I molecules undergo apoptosis in vitro
and in vivo (in a mouse model). These findings suggest that
targeting of either f2M or MHC class I offers a potential
therapeutic approach for the treatment of f2M/MHC class
I-expressing malignancies (Cao et al., 2011; Huang et al., 2010;
Shi et al., 2009; Triozzi et al., 2013; Yang and Yi, 2010). However,
the specific function of f2M in modulating tumorigenesis is
poorly understood. MD provides a good model for the study
of human tumorigenesis. Therefore, additional study of the role
of B2M in MDV pathogenesis would provide important insight
into the mechanisms controlling tumorigenesis in specific hu-
man tumors.

In the present study, three up-regulated protein spots were
identified as apolipoprotein Al (apo AI). Using online software
(www.expasy.org) to predict the sites of phosphorylation and
glycosylation, we found that apo Al contained several potential
phosphorylation sites and two potential O-3-GlcNAc glyco-
sylation sites. Thus, it is possible that apo Al was modified after
translation in MDV-infected chickens. Previous studies have
shown that the amphipathic a-helical domains of human apo
AT have broad anti-infective and antiviral activity (Owens et
al., 1990; Srinivas et al., 1991). The sequence of chicken apo
Al is homologous to that of mammalian apo Al, possessing
an amphipathic a-helical domain. Moreover, the tissue dis-
tributions and functions of chicken apo Al are analogous to
those of mammalian apo E (Rajavashisth et al., 1987), which
also has broad antiviral activity (Bhattacharjee et al., 2009;
Dobson et al., 2006). In addition, apo Al expression is found
to be increased in the bursa of Fabricius (Lu et al., 2010) and
feather pulp in chickens infected with MDV (Chen et al.,
2011). Altogether, these results suggest that apo Al plays an
important antiviral role during MDYV infection.

It is well known that tumor cells derive much of their
energy for survival and growth from glycolysis, whereas
normal cells depend mainly on aerobic oxidation. There-
fore, glycolytic genes are often overexpressed in tumor cells
(Daskalow et al., 2009; Wolf et al., 2011; Zhou et al., 2011).
High rates of glycolysis and the activation of the hexosamine
biosynthetic pathway may favor cancer cell survival and
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aggressiveness (Guillaumond et al., 2013). In the current
study, TPI1, PGK1 and beta-enolase enzymes, which are all
components of the glycolytic pathway, were up-regulated in
MDV-infected chickens. Tumor cells infiltrating the skin and
feather pulp may contribute to the increased expression of
these proteins in the infected group.

In conclusion, p2M and other proteins identified in this
study were associated with a variety of cellular processes such
as antigen processing and presentation, cytoskeletal changes
and energy metabolism. Targeting f2M or MHC class I mol-
ecules may provide a potential therapeutic approach for
treatment of B2M /MHC class I-expressing malignancies.
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