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Identification and localization of Xylose-binding proteins and as
potential biomarkers for liver fibrosis/cirrhosis

Yaogang Zhong, Xiu-Xuan Sun,” Peixin Zhang," Xinmin Qin,* Wentian Chen,* Yonghong Guo,’
Zhansheng Jia," Huijie Bian,*" Zheng Li**

In our recent study, we found the expression levels of total Xylose-binding proteins (XBPs) were up-regulated significantly
in the activated hepatic stellate cells (HSCs), however, the denomination, distribution, and function of XBPs were
uncharted. Here, 70 XBPs from the activated HSCs and 64 XBPs from the quiescent HSCs were isolated, identified and
annotated. A total of 30 XBPs were up-regulated (all fold change > 1.5, p < 0.05) and 14 XBPs were down-regulated (all
fold chang < 0.67, p < 0.05) in the activated HSCs. The XBPs were localized at the cytoplasm and cytoplasmic membrane in
HSCs and cirrhotic liver tissues by cy/histochemistry. The XBPs (i.e., PDIA6 and CFL2) responsible for the regulation of
protein binding were up-regulated, and those (i.e., TUBB and MX1) responsible for the regulation of catalytic activity were
up-regulated in the activated HSCs. Then, 2 candidates (e.g., PDIA6 and APOA1) were selected for further verification in
the sera of HBV-induced chronic hepatitis/cirrhosis using western blotting and serum microarrays. Assessments of PDIA6
and APOAL1 as biomarker candidates show a higher discrimination (Area Under Curves, AUCs = 0.8985, p < 0.0001)
relative to APOA1 (AUCs = 0.8738, p < 0.0001) in sera of patients. In conclusion, the precision alteration of the XBPs
referred to pathological changes in HSCs during liver fibrosis/cirrhosis may provide pivotal information to discover the
potential glycan-binding proteins related biomarkers for diagnosis of liver fibrosis/cirrhosis and development of new anti-

fibrotic

1. Introduction

Carbohydrates decorate the surfaces of all living cells and
comprise highly diverse structures that play an important role in
many biological process including cell-cell interactions,
signaling and immune responses. These distinct structural
elements govern interactions with other molecules such as
glycan-binding proteins (GBPs), which also play important
roles in mechanisms of immunity and microbe-host interactions
through glycan recognition.'> An expanding number of
mammalian GBPs have been identified and are classified by
sequence motifs such as C-type lectins,* S-type lectins,’ P-type
lectins,® and the Siglecs.” However, the xylose-specific lectin
remain poorly reported.

D-Xylose (Xyl) is a five-carbon aldose (pentose,
monosaccharide) that can be catabolized or metabolized into
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useful products by a variety of organisms. An oxido-reductase
pathway is present in eukaryotic microorganisms.® The
Weicker, et al. reported that the Xyl was found in the
glycoproteins isolated from the wurine of patients with
inflammatory processes, tumors, plasmacytomas.” Yang, et al.
detected and testified the occurrence of the Xyl in the human
sera, especially over-expressed in the hepatocellular carcinoma
cases.'” The Xyl-binding proteins (XBPs) is a class of
periplasmic proteins that binding Xyl with high affinity, and is
a component of the Xyl transporter gene (XylFGH) carrier
system that translocates Xyl into the cytoplasm.'' The XylFGH
operon represents the ATP binding cassette transport system
with the periplasmic XBPs, and membrane permease encoded
as XylF, XylG, and XylH, respectively.'*!* However, the
interactions between the XBPs and specific Xyl types remain
poorly understood.

Liver fibrosis is the excessive accumulation of extracellular
matrix (ECM) proteins including collagen that is a
characteristic of most types of chronic liver diseases.'* The
main causes of liver fibrosis in industrialized countries include
chronic  hepatitis B/C  virus infection, nonalcoholic
steatohepatitis, and alcohol abuse.'” The main liver cells that
produce matrix are hepatic stellate cells (HSCs). HSCs exist in
a resting phenotype as the body’s major store of vitamin A.
However on activation they transform to adopt a myofibroblast
phenotype capable of secreting collagen.'® This activation
process is driven by two cytokines (transforming growth factor-
B1 (TGF-B1) and platelet-derived growth factor), leading to the
increased expression of contractile filaments.'” TGF-B1 is a
polypeptide member of the transforming growth factor beta
superfamily of cytokines. It is a secreted protein that performs
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many cellular functions, including adipogenesis, myogenesis,
chondrogenesis, osteogenesis, cell growth, cell proliferation,
epithelial cell differentiation and apoptosis, and immune. LX-2
is a low-passaged HSCs cell line derived from normal HSCs
that are spontaneously immortalized, which can be activated by
TGE-B1."*'7 Our previous research results have shown 12
carbohydrates (e.g., Xyl, Gal, GalNAc and Man-9Glycan)
showed increased signal, while 7 carbohydrates (e.g., NeuAc,
Lac and GIcNAc-O-Ser) showed decreased signal in the
activated LX-2, meanwhile, the expression levels of total XBPs
were up-regulated significantly (fold change = 3.23, p <
0.0001) in the activated LX-2 wusing a carbohydrate
microarray."'®

In this study, an experimental strategy (Scheme 1 (ESIY))
was designed relying on the use of a carbohydrate microarray
and LC-Orbitrap MS/MS. First the expression levels of total
XBPs from the quiescent and activated LX-2 were detected by
carbohydrate microarrays, and validated using the carbohydrate
cytochemistry. Second the XBPs were isolated by Xyl-
magnetic particle conjugates (XMPCs), and identified by LC-
Orbitrap MS/MS. The localization of the identified XBPs were
validated in HSCs and cirrhotic liver tissues by
cy/histochemistry. Then, an in-depth functional analysis for the
identified XBPs in HSCs was performed. Finally, the relevance
of the XBPs as potential biomarkers were investigated in sera
of HBV-induced chronic hepatitis/cirrhosis samples by western
blotting and serum assays.

2. Materials and methods

2.1. Cell line and culture

LX-2 was provided by Dr. Friedman of Mount Sinai School of
Medicine, New York, USA. The cells were grown in DMEM
containing 10% FBS, 100 U/mL penicillin and 100 mg/mL
streptomycin (all reagents were purchased from Invitrogen,
Carlsbad, CA, USA).

As for preparation of fibrosis models, LX-2 was grown in
DMEM containing 2% FBS, 100 U/mL penicillin, 100 mg/mL
streptomycin and 2 ng/mL TGF-B1."” The cell lines were
maintained at 37°C in 5% CO,. After 24 h of TGF-B1
stimulation, the activated and quiescent HSCs were lysed for
total protein extraction or fixed for further cytochemistry.

2.2. Serum and tissues samples collection

The collection of human blood and tissues were performed in
accordance with approved guidelines. The collection and use of
all human pathology specimens for research presented here
were approved by the Ethical Committee of Northwest
University, Fourth Military Medical University and Xi’an
Jiaotong University (Xi’an, China). Written informed consent
was received from participants for the collection of their blood
and tissues. This study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki. Epidemiologic
and clinical data from patients and normal was collected by
questionnaire and from medical reports. The characteristics of
all study participants were summarized in Table S1 (ESI¥).

Serum samples were immediately separated from the
clotted whole blood by centrifugation at 1,500 x g for 10 min at
4°C. After centrifugation, the samples were divided into 100 pL
aliquots in cryotubes, and stored at -80°C until use. Cirrhotic
liver tissues were obtained during the surgical resection and
were snap-frozen in liquid nitrogen and stored at -80°C until
used. All of the liver samples were histologically examined by
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hematoxylin and eosin staining and confirmed by experienced
pathologists.

2.3. Isolation and identification of XBPs

Isolation and identification of XBPs was performed according
to the method published before.”” The detailed information was
provided in the Electronic Supplementary Information.

2.4. Validation of localization by immunocytochemistry

Immunocytochemical staining was performed according to the
method published before.'"® Immunocytochemistry —was
performed by primary antibody (diluted 1:500) obtained from
Epitomics (Burlingame, CA, USA), Cy3/Cy5 fluorescent-
conjugated secondary antibodies (diluted 1:1000) (Haimen,
China) was used according to the protocol.'®*" Finally, the cells
were stained with 1 pg/mL DAPI (Roche; Basel, Swatzerland)
and scanned by Laser Scanning Confocal Microscope (LSCM)
(NIKON, Tokyo, Japan). The staining results were repeated at
least three times. The representative pictures were showed in
related figures.

2.5.Validation of the expression of XBPs by Western
blotting analysis

Western blotting was performed as described previously.!
Briefly, 50 pg of protein from HSCs and sera samples was
separated by 10% SDS-PAGE and transferred to a PVDF
membrane (Millipore). After incubating overnight at 4°C with
rabbit monoclonal antibodies (Burlingame, CA, USA, diluted
1:500-1:1000). The membranes were washed three times with
TBST (100 mmol/L Tris-HCI, 150 mmol/L NaCl, 0.05%
Tween-20, pH 7.4) and incubated with alkaline phosphatase-
conjugated secondary antibodies (diluted 1:1000) for 2 h at
room temperature. Relative protein expression was detected
using the BCIP/NBT substrate kit (Beyotime Institute of
Biotechnology) in each sample.

2.6. Serum microarrays

A Serum microarray was produced according to our previous
protocols?>?* with some modifications. In total, 54 individual
serum samples from normal (n = 27) and patients with HBV-
induced chronic hepatitis/cirrhosis (n = 27) were dissolved in
PBS (10 mmol/L phosphate buffer containing 150 mmol/L
NaCl, pH 7.4) to a concentration of 1 mg/mL before spotting on
homemade epoxysilane-coated slides with Stealth micro
spotting pins (SMP-10B). After immobilization, the slides were
blocked with 5% BSA. Primary antibody (diluted 1:500) was
incubated on the blocked slide for 3 h at room temperature.
After that, Cy3 fluorescent-conjugated secondary antibodies
(diluted 1:1000) (Haimen, China) was used. Then, the slide was
scanned using a Genepix 4000B confocal scanner, and the
acquired images were analyzed at 532 nm for Cy3 detection,
which was performed as previously described.*

3. Results

3.1. Expression level and localization of XBPs in HSCs

Currently, a-smooth muscle actin (a-SMA)-positive HSCs can
be distinguished from other portal, interface and septal
myofibroblasts by their specific position in the liver
perisinusoidal space.'® In this study, HSCs were activated by 2
ng/mL TGF-B1 (Fig. 1A), the correlation between the degree of
a-SMA immunoreactivity of the perisinusoidal region and the
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Child—Pugh score was significant (p < 0.001), which is
consistent with another report that a-SMA expression of HSCs
reflects liver fibrosis progression.'

Our previous research results have demonstrated that the
expression levels of total XBPs were up-regulated significantly
in the activated HSCs,'"® however, their denomination and
distribution in HSCs were uncharted. Here, Cy3-labeled Xyl
was used to further validate the results as well as assess the
XBPs distribution in HSCs using the carbohydrate
cytochemistry. Besides, carbohydrate competitive inhibition
(The mixture of equal parts of Cy3- and non-labeled Xyl)
assays were used as the negative control. The Xyl exhibited
moderate scattered particle-like signals in the cytoplasmic
membrane and strong binding to the central cytoplasm and/or
the perinuclear cytoplasm in the quiescent LX-2 (Fig. 1Bal-a2),
and the binding intensified in the same regions of the activated
LX-2 (Fig. 1Bbl-b2). The competitive inhibition of Xyl
showed moderate binding to the same region with Xyl staining
(Fig. 1Ba3-a4, Q: p <0.01 and 1Bb3-b4, A: p <0.001).

Fig. 1 Confocal microscopy. (A) LX-2 was incubated with 2 ng/mL of
TGF-B1 for 24 h and determination of a-SMA expression in Q (Untreated)
and A (TGF-Bl1). (B) The localization of XBPs and the competitive
inhibition assay of Xyl in Q (Untreated) and A (TGF-B1). *p < 0.05, **p <
0.01, ***p <0.001.

3.2. Identification and GO analysis of XBPs

The isolated XBPs (6 pg) were resolved by SDS-PAGE and
visualized by silver staining, which exhibited the apparent
bands between 100 kDa and 20 kDa (Fig. 2A). After that, The
XBPs were digested by trypsin, then identified by LC-Orbitrap
MS/MS. The results were analyzed and compared using the
Proteome Discoverer 1.2 software (Thermo Fisher) with
SEQUEST search. All MS/MS spectra were searched from the
International Protein Index (IPLHUMAN. v3.73. Fasta) with
the following parameters: A mass tolerance of = 10 ppm for the
precursor ions and a tolerance of = 1 Da for fragment ions were
used. Differential expressed proteins presented in the activated
and quiescent LX-2 were listed in Table S2 (ESIY). A total of
158 and 143 unique peptides covered 64 and 70 XBPs were
identified from the quiescent and activated LX-2, respectively
(Fig. 2B (left)). It was noticed that there was an overlap of 46
(52.3%) XBPs between the activated and quiescent LX-2, while
18 (20.5%) and 24 (27.3%) XBPs only identified from the
quiescent and activated LX-2, respectively (Fig. 2B (right)).

To investigate the major biological functions of XBPs,
Blast2GO**** and WEGO?® were applied to analyze the total
unique proteins for functional enrichment according to three
grouping classifications:  biological processes, cellular
components, and molecular functions (Fig. 2C-2E). Of 88
identified XBPs, 81 had GO annotations available. In terms of
biological processes, 12 proteins (14.0%) and 11 proteins
(13.0%) were included in cellular process and single-organism
process, respectively. In terms of cellular components, 24
proteins (27.0%) were cell proteins and 21 proteins (24.0%)
were organelle proteins. In terms of molecular function,
proteins with binding ability formed the largest group (46,
52%) and other smaller groups identified included catalytic
activity (22, 25.0%) and structural molecule activity (16,
18.0%). The top three most common binding were protein
binding (26.0%), heterocyclic compound binding (16.0%) and
organic cyclic compound binding (16.0%) (Fig. 2E). The main
catalytic activity categories were signal transducer activity
(28.0%), enzyme inhibitor activity (9.0%) and laminin receptor
activity (9.0%) (Fig. 2E). In order to further study its functions
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on a macro level, the WEGO were further used to analyze the
identified XBPs, the result showed that the function was no
distinction between the activated and quiescent LX-2 (Fig. S2
(ESIT)).

Fig. 2 Identification of the isolated XBPs. (A) SDS-PAGE analysis. Lane
1: The quiescent LX-2 proteins; Lane 2: The activated LX-2 proteins; Lane
3 and Lane 4: Protein fraction not bound to xylose; Lane 5 and Lane 6:
Washing composition; Lane 7: The eluated fraction of quiescent LX-2
proteins. Lane 8: The eluated fraction of activated LX-2 proteins. (B) Cross-
correlation of the isolated peptides (Left) and XBPs (Right) presented in the
Venn diagram from the quiescent and activated LX-2. GO classification of
the identified XBPs using Blast2GO (C) Biological process (D) Cellular
component; (E) Molecular function level.

3.3. KEGG pathway and network analysis

In total, 44 of 88 identified XBPs were annotated in DAVID
Bioinformatics Resources (version 6.7),”’and KEGG pathway.?®
The XBPs were mainly mapped to 15 KEGG pathways (e.g.,
Glycolysis/Gluconeogenesis (Fig. 3A), Protein processing in
ER (Fig. 3B), and Antigen processing and presentation (Fig.
3C)) with thresholds of count > 1.5 and a P-value < 0.05 versus
the background signal of the human genome (Table S3 (ESI{)).
For example, in Glycolysis/Gluconeogenesis pathway,
expression of prohibitin-2 (PHB2), 60 kDa heat shock protein
(HSPD1), and 28S ribosomal protein S9 (MRPS9) (all fold
change > 2.99, p < 0.05) were up-regulated significantly, while
expression of protein disulfide-isomerase (P4HB), and 14-3-3
protein beta/alpha (YWHAB) (both fold change < 0.67, p <
0.05) were down-regulated, which probably resulted in
increased glycerate-1,3P2, glycerate-2,3P2, glycerate-3P and
phosphoenolpyruvate, and decreased L-Lactate in the activated
LX-2. In addition, the 43 matched XBPs were queried against
the STRING Homo sapiens database to determine their
functional relevance. Through enrichment analysis of molecular
function, more than 27 proteins responsible for protein binding
exhibited significant alteration (17 proteins, fold change > 1.5;
7 proteins, fold change < 0.67), and 9 proteins responsible for
catalytic activity showed increased expression in the activated
LX-2 (all fold change > 1.5, p < 0.05) (Fig. S3A and S3B
(ESIT)).

Fig. 3 Functional analysis in HSCs. KEGG pathway analysis of the
identified XBPs (marked with red) that were mapped to
Glycolysis/Gluconeogenesis (A), Protein processing in endoplasmic
reticulum (B) and antigen processing and presentation (C) pathways.

3.4. Sequence motif preference of XBPs

The characteristics of the isolated XBPs were analyzed
according to their exhibiting consensus sequence with motif-x
software (v1.2 10.05.06).” Herein, the data set provided a good
basis to test the generality of motifs and identify further
consensus sequences of XBPs. The position-specific amino acid
frequencies of the surrounding each of normal amino acids (13
amino acids to both termini) were compared with the
background. Notably, 9 specific nonredundant consensus
sequences with a high motif score and fold increase > 30 were
identified (Fig. 4A). [DN]C[GAM]D[GN]SDEx[PDA][CEA]xx
and [DN]DC[GM]D[GN]SDEx[PA]Cx motifs (both motif
score > 33.67, fold increase > 30.68) (e.g. [DN] and [GAM]
represent several amino acid residues that might appear in the
position) were significantly overrepresented in the XBPs data.
Interestingly, xxx[ WL]xC[DN]G[DE][DN][DNI]C[GAM]
motif (motif score = 34.32, fold increase = 39.87) were also
significantly overrepresented in the XBPs data (Fig. 4B).
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3.5.Validation of the expression of XBPs in HSCs and sera
from HBV-induced chronic hepatitis/cirrhosis patients

Protein abundance expressed as peak area values was calculated
using the area of any given protein according to the protocol.>
30 XBPs were estimated to be significantly up-regulated (all
fold change > 1.5, p < 0.05) and 14 XBPs were estimated to be
significantly down-regulated (all fold change < 0.67, p < 0.05)
in the activated LX-2. Western blotting was employed to
further confirm the expression levels of the XBPs. Such PDIA6
was up-regulated, and APOA1 was down-regulated in the
activated LX-2 and sera of patients, which was markedly
consistent with the results of MS analysis (Fig. 4C). Analysis of
serum arrays were performed to confirm PDIA6 and APOA1 in
the crude sera of patients and normal. According to the results,
the expression level of PDIA6 was increased significantly in
the sera of the patients. The expression level of APOAL
exhibited significant decreased signals in the sera of the
patients compared with normal (Fig. 4D).

3.6. Localization of PDIA6 and APOA1l in HSCs and
cirrhotic liver tissues

To determine the localization and expression levels of PDIA6
and APOAI, the double immunofluorescence analysis was
performed in HSCs and cirrhotic liver tissues. The
measurement of a-SMA was used as an internal control. As
shown in Fig. 4E, o-SMA (p < 0.05) was detected at
consistently higher levels in the activated LX-2 (Fig. 4Eb2 and
4Ed2) than the quiescent LX-2 (Fig. 4Ea2 and 4Ec2). Although
PDIAG is known to be expressed in and around the cytoplasm
and ER in human cells,*!? here, the expression level of PDIA6
was found that it was strongly and predominantly localized at
the cytoplasmic membrane, the central cytoplasm and/or the
perinuclear cytoplasm, especially at the perinuclear cytoplasm
region. In this region, PDIA6 was expressed higher in the
activate LX-2 (Fig. 4Eb3) than the quiescent LX-2 (Fig. 4Ea3).
APOA1 is also known to mainly localize to the vesicles, and in
the cytoplasm of some cells.>* Here, the expression level of
APOAL1 was found that it was down-regulated significantly in
the activated LX-2 (Fig. 4Ed3) compared with the quiescent
LX-2 (Fig. 4Ec3). In addition, a-SMA was selected as a
positive control for the activation of HSCs in cirrhotic tissues
(Fig. 4Fal and 4Fbl). The expression levels of PDIA6 and
APOA1 were observed in the hepatocytes and sinusoidal cells
of cirrhotic liver tissue (Fig. 4Fa2 and 4Fb2). Interestingly,
PDIA6 showed moderate binding to the cytoplasmic
membrane, but strong binding to the cytoplasm of hepatocytes,
and to the cytoplasm and cytoplasmic membrane of sinusoidal
cells in cirrhotic tissues (Fig. 4Fa4 and 4Fa5). However,
APOA1 showed moderate binding to the cytoplasm and
cytoplasmic membrane both in the hepatocytes and sinusoidal
cells of cirrhotic tissues. Thus, these results suggested the
possibility that PDIA6 and APOA1 were co-expressed in the
marginal region of the central cytoplasm and/or the perinuclear
cytoplasm and cytoplasmic membrane liver fibrosis tissues.

3.7. Assessment of PDIA6 and APOA1l as biomarker
candidates using ROC analysis

ROC curve analysis was used to determine the potential impact
of PDIA6 and APOA1l as potential biomarkers for
discriminating patients and normal. The area under curves
(AUCs) was determined for each value alone to determine
which one yielded the greatest discriminatory power within this
patient set. The serum expression levels of PDIA6 had an
AUCs of 0.8985 with a 95% confidence interval (0.8132 to
0.9838, p < 0.0001) for distinguishing patients and normal. The
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serum expression levels of APOAI1 resulted in an AUCs of
0.8738 with a 95% confidence interval (0.7830 to 0.9646, p <
0.0001) for differentiating patients and normal (Fig. 4G).

Fig. 4 Sequence motif preference for the XBPs and validation of the
expression of XBPs in HSCs, individual serum samples and liver tissues.
(A) List of specific nonredundant consensus sequences with a high motif
score and fold increase > 30. (B) WebLogo generated relative frequency
plots of the significant sequence motif. The heights of the residues are
approximately proportional to their binomial probabilities. (C) Western
blotting analysis of the expression levels of PDIA6 and APOA1 in HSCs
and serum samples from patients and normal. (D) Schematic of protein,
primary antibody, and Cy3-labeled secondary antibody binding interactions
on the serum microarray. (E) The double immunofluorescence of antibody
(PDIA6 and APOA1) and a-SMA in the quiescent and activated LX-2. (F)
The double immunofluorescence of antibody (PDIA6 and APOA1) and a-
SMA in the liver cirrhotic tissues. S, Sinusoidal cells; H, Hepatocytes cells.
(G) ROC analyses for significantly changed PDIA6 and APOAl were
detected by serum arrays. The green line: PDIA6; The blue line: APOAL.

4. Discussion

Glycans possess distinct structural elements to govern
interactions with the GBPs. The GBPs that act through glycan
recognition are also called lectins play important roles in
mechanisms of immunity and microbe-host interactions as well
as are typically highly selective for specific glycan structures
and have therefore been extremely useful in studying glycan
variation.'? The Xyl was found in the glycoproteins isolated
from the serum and urine of patients. However, the
denomination, distribution, and functions of the XBPs as well
as the interactions with the specific Xyl types remain poorly
understood. Liver Fibrosis is a major complication of various
chronic hepatic diseases due to the increased production and
decreased degradation of the ECM.” The activated HSCs are
considered the primary contributor of the ECM in chronic liver
disease leading to liver fibrosis.® In normal liver, the quiescent
HSCs reside in the space of Disse and are the major storage
sites of vitamin A. Following chronic liver injury, HSCs are
activated and transdifferentiate into myofibroblast-like cells to
acquire  contractile, proinflammatory and  fibrogenic
properties.”'® This activation process is driven by two
cytokines, leading to the increased expression of contractile
filaments (a-SMA), and ECM proteins (collagen Type I (Col),
I, and I11) 81113

Our previous research results have demonstrated that the
expression levels of total XBPs were up-regulated significantly
in the activated HSCs.'® In this study, the XBPs from the
activated and quiescent LX-2 were isolated and identified by
XMPCs and the LC-Orbitrap MS/MS analysis, respectively. As
a result, a total of 30 identified XBPs were up-regulated and 14
XBPs were down-regulated in the activated LX-2 during liver
fibrosis/cirrhosis, which were localized at the cytoplasm and
cytoplasmic membrane in HSCs and liver tissues by
cy/histochemistry. The characteristics of the identified XBPs
were analyzed according to their exhibiting consensus
sequence. Notably, 9 specific nonredundant consensus
sequences with a high motif score and fold increase > 30 were
identified. The XBPs (i.e., PDIA6 and CFL2) responsible for
the regulation of protein binding were up-regulated, and those
(i.e., TUBB and MX1) responsible for the regulation of
catalytic activity were up-regulated in the activated LX-2.

PDIAG is a protein that belongs to the protein disulfide
isomerase (PDI) family and it is involved in the folding of
disulphide bonded proteins.>**® The enzymatic formation,
breakage, and subsequent rearrangement of cysteine linkages
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are crucial to protein structure and function and primarily
mediated by members of PDI family.”>*”*® Currently,
increasing evidence supports an important role for misfolded
proteins in the pathogenesis of numerous diseases including
diabetes, Alzheimer disease, Parkinson disease, and both
alcoholic and non-alcoholic liver disease.**~’

High density lipoprotein (HDL) is a complex and
heterogeneous assembly of proteins and lipids. Approximately
75% of the protein content of HDL is APOA1, which serves as
the primary protein scaffolding on which the lipid cargo-
carrying particle is built.*** Several clinical intervention
studies employing either direct infusion of HDL forms or
infusion of extracorporeally delipidated HDL or apoAl have
shown anti-atherosclerotic effects.**** In this study, PDIA6 and
APOA1 were selected for further verification in the sera of
patients compared with those of normal using western blotting
and serum microarrays. Finally, PDIA6 and APOA1l as
biomarker candidates were assessed, which show a higher
discrimination (AUCs = 0.8985, p < 0.0001) relative to APOA1
(AUCs = 0.8738, p < 0.0001) in sera of patients.
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