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Main points of the article

This is the first study to reveal the plasma proteomic profiling of chronic hepatitis B
patients with and without HBsAg seroclearance. Plasma fibronectin may be

associated with HBsAg seroclearance, and potentially a predictor of “functional cure”.
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Abstract

Background: Seroclearance of hepatitis B surface antigen (HBsAQ) is a potentially
achievable target of chronic hepatitis B (CHB). Plasma proteins relevant to HBsAg

seroclearance remain undetermined.

Methods: We prospectively recruited treatment-naive CHB patients with spontaneous
HBsAg seroclearance and matched HBsAg-positive controls. Plasma protein profiling
was performed using isobaric tags for relative and absolute quantitation (iTRAQ)-
based proteomics, with the expression of candidate proteins validated in a separate
cohort. The predictive value of fibronectin was assessed at 3 years, 1 year (Year -1)

before and at the time (Year 0) of HBsAg seroclearance.

Results: 487 plasma proteins were identified via proteomics, with 97 proteins
showing altered expression. In verification cohort (n=90), median plasma fibronectin
levels in patients with HBsAg seroclearance was higher than in controls (p=0.009). In
the longitudinal cohort (n=164), patients with HBsAg seroclearance, when compared
to controls, had a higher median fibronectin levels at Year -1 (413.26 vs. 227.95
pg/ml), and Year 0 (349.45 vs. 208.72 pg/ml) (both p<0.001). In patients with an
annual HBsAg log reduction >0.5, Year -1 fibronectin level achieved an AUROC of

0.884 in predicting HBsAg seroclearance.

Conclusions: Using proteomics-based technology, plasma fibronectin may be

associated with HBsAg seroclearance, and a potential predictor of “functional cure”.
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Background

Seroclearance of hepatitis B surface antigen (HBsAQ) is now regarded as a potentially
achievable treatment endpoint of chronic hepatitis B (CHB). Achievement of this
target indicates a successful immune control of infection and reflects a “functional
cure”, with a reduction in liver-related complications[1, 2]. Spontaneous HBsSAg
seroclearance is uncommon, as its annual rate was only reported in 0.7%][3] and
2.26%[4] according to two studies with average follow-up of 19.6 and 8.04 years,
respectively. As the approved antiviral therapies have little effect on the seroclearance
of HBsAg[5], exploring the underlying molecular mechanism of HBsAg
seroclearance is imperative.

The kinetics of serum HBsAg and HBV DNA levels were previously found to be
associated with HBsSAg seroclearance[6, 7]. Other associated factors included
interferon-inducible protein 10[8], genetic polymorphisms near the HLA-DP regions
or interleukin coding genes[9, 10], microRNA-125a-5p[11] and microRNA-581[12],
In vivo, sT123N substitution was also shown to accelerate HBsAg seroclearance[13].
Despite all these findings, our current understanding of the clinicopathological
mechanisms leading to HBsAg seroclearance remains limited. It is still unknown if
there are any “effector proteins” that can promote HBsAg seroclearance.

Proteomics refers to large-scale study to unveil a protein profiling of what is
expressed and presented under different biological conditions[14], and may reveal
actual metabolic activities and regulatory cascades[15]. Isobaric tags for relative and
absolute quantification (iTRAQ) is currently one of the most robust quantitative
proteomics techniques[16], allowing identification and quantification of protein

abundances simultaneously through peptide labeling. With the availability of
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advanced mass spectrometry (MS) technology[17] and bioinformatics tools[18], the
application of this technology is expanding in various aspects of clinical research,
including cancers[19], viral infections[20] and metabolic diseases[21].

We hypothesized that HBsAg seroclearance may be associated with distinct
alterations in plasma protein profiles. We hence aimed to apply iTRAQ-based
quantitative proteomics to reveal protein profiles associated with HBsAg
seroclearance, followed by validation and prediction of identified proteins in separate
patient cohorts, comprising patients achieving spontaneous HBsAg seroclearance and

matched controls.

Methods

Patients and sample collection

The present study was designed in three stages: proteomic analysis, followed by
prospective validation in a separate cohort of patients, then finally an assessment of
predictive values of identified plasma proteins for HBsAg seroclearance using a
historical cohort with serially archived plasma samples from 3 years prior to HBsAg

seroclearance till HBsAg seroclearance[7] (Figure 1).

For the first two stages, we recruited treatment-naive CHB patients, all documented
with prior HBsAg-positivity for at least 6 months, who were regularly followed up at
the Liver Clinic, Department of Medicine, Queen Mary Hospital, Hong Kong. We
recruited two groups of patients based on their HBsAg serologic status: spontaneous
HBsAg seroclearance (experimental group) occurring between June 2012 and July
2016, and persistent HBsAg-positivity (control group). HBsAg seroclearance was

defined as serum HBsAg-negativity on two occasions at least 6 months apart and
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remaining undetectable up to the last visit. The two groups were matched for age and
gender, with normal serum alanine aminotransferase (ALT) and undetectable serum
HBV DNA. Patients with concomitant liver diseases, including chronic hepatitis C
and D infection, Wilson’s disease, autoimmune hepatitis, primary biliary cholangitis
and primary sclerosing cholangitis, and patients with increased alcohol intake (30
grams per day for men, 20 grams per day for women) were excluded. We also
excluded patients with history of antiviral therapy, and presence of cirrhosis or
hepatocellular carcinoma. For the experimental group, we additionally excluded
patients with a positive antibody to HBsAg (anti-HBs) as to avoid its interference

with proteomic analysis.

Plasma collection and preparation were based on standard criteria established by
Early Detection Research Network[22]. Briefly, fresh blood samples were collected
in EDTA tubes, and then centrifuged at 1200 g for 10 minutes within two hours of
collection at room temperature. Plasma was apportioned into 0.5 ml aliquots, then
put into -80°C fridge immediately. The storage time of all samples prior to usage was
less than two months. The detailed protocol is described in the Supplementary

Appendix.

The present study was approved by the Institutional Review Board/Ethics Committee
of the University of Hong Kong and the Hong Kong West Cluster of Hospital

Authority, and conducted according to the Declaration of Helsinki.

Stage I: iTRAQ coupled with liquid chromatography (LC)-tandem MS analysis

(MS/MS) and protein identification

Proteins preparation and iTRAQ labeling
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Plasma samples in each group were pooled and high abundant proteins were
immunodepleted using Human 14 Multiple Affinity Removal System Column
(Agilent Technologies, Santa Clara, CA). Unbound depleted plasma was desalted.
The total protein amount was quantitated by Pierce™ BCA assay (Thermo Fisher
Scientific). Equal amount of proteins (200 ug) from each group were labeled with
ITRAQ reagents according to the manufacturer’s instructions (Applied Biosystems,
Foster City, CA, USA). Briefly, proteins were subjected to denaturation, reduction
and alkylation, following by digesting with trypsin. The tryptic peptides from each
group were divided into two equal halves. Peptides from control samples were labeled
with reagents containing 114 and 115 reporter tags, and peptides from HBsAg
seroclearance samples were labeled with reporter tags 116 and 117, respectively. The

methodological details are described in the Supplementary Appendix.
Peptide fractionation and LC-MS/MS analysis

Labeled peptides were fractionated using a strong cation exchange (SCX) column (5
pm, 200 A, 2.1x 200mm; PolyLC Inc, Columbia, MD, USA). The Waters Acquity
Ultra-Performance LC system was coupled with LTQ-Orbitrap Fusion Tribid Lumos
mass spectrometer (Thermo Fisher Scientific) for electrospray analysis. Survey scans
were acquired from 150 to 2000 with up to 20 most intense precursor ions selected for

MS/MS. All measurements were performed in duplicate.
Protein identification and relative quantification

Proteome Discoverer (Version 2.1, Thermo Fisher Scientific) was used to analyze the
MS/MS data. The data was searched using the SEQUEST algorithm against the NCBI

Human RefSeq database 71 containing 35,985 proteins
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(https://www.ncbi.nlm.nih.gov/refseq/). The precursor and fragment mass tolerance

were set to 20 ppm and 0.1 Da, respectively. Peptide and protein data were fetched
using high peptide confidence (<1% false discovery rate) and top one peptide rank
filters. The intensities of the reporter ions of peptides generated from MS/MS were
used to determine the relative quantitation of proteins. The false changes ratio < 0.8
or >1.2 were considered as the cutoff value to distinguish the down-regulated or up-

regulated changes of protein expression[23, 24].
Bioinformatics analysis

Bioinformatics analysis and annotations of the differentially expressed proteins were
performed with multistep methods. First, Geno Ontology (GO) enrichment
analysis[25] was used to classify their functions including molecular function, cellular
component, and biological process. Second, the signaling pathway, disease function,
network, together with regulator effects were analyzed using Ingenuity® Pathway
Knowledge (IPA®, QIAGEN Redwood City, www.giagen.com/ingenuity). IPA®is a
powerful web-based search tool that enables analysis, integration and interpretation of
huge amounts of data generated from omics experiments. Consistency scores of
different regulator effects, i.e. how predicted upstream regulators might alter
phenotypic or functional outcomes downstream, were calculated, with a score >20
signifying most of the predicted signaling cascades[26]. Third, deeper annotations of
these proteins were complemented by referencing to the Human Protein Reference
Database (HPRD) and UniProtKB database. These two databases contain
comprehensive protein information and describe multiple features of proteins such as

subcellular localization, post-translational modifications and protein-protein
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interactions. Proteins associated with the most relevant biological function were

selected in the subsequent study.

Stage I1: Validation via ELISA

Plasma expression of identified proteins from Stage | was measured with
commercially available ELISA kits from Abcam or US Biological companies. All
ELISA measurements were performed in duplicates according to the manufacturer’s

instructions.

Briefly, based on the detection range, samples were diluted with the reagent supplied
by ELISA kits. The diluted samples were firstly incubated in 96-well microplates.
After incubation and washing, the biotinylated antibody and streptavidin peroxidase
conjugate was added, respectively. After a second incubation and washing, a
chromogen substrate was added till the appearance of optimal blue color density. Stop
solution was then added to terminate the reaction. A microplate spectrophotometer
was used to read the absorbance. The data were imputed into the CurveExpert
professional 2.3.0 software. The concentration of proteins was calculated with a four-

parameter logistic curve and multiplied by the dilution factor.

Stage I11: Assessment of predictive values using a historical cohort

We retrieved available archived plasma samples of patients achieving HBsAg
seroclearance at 3 time points: 3 years prior to, 1 year prior to and at the time of
HBsAg seroclearance[7]. Corresponding samples of matched HBsAg-positive
controls were also retrieved. Plasma levels of proteins validated from Stage Il were
measured for all three time points. Our previous study has demonstrated that the
optimal cut-off HBsAg level and HBsAg reduction to predict HBsAg seroclearance

9
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are <200 IU/ml and >0.5 log 1U/ml/year, respectively[7]. In the present study, we
therefore further investigated whether the addition of plasma fibronectin to HBsAg
levels or HBsAg reduction could improve the predictive value of HBsAg

seroclearance.

Laboratory tests

Serum HBsAg levels were performed using Elecsys HBsAg Il assay (Roche
Diagnostics, Gmbh, Mannheim), with a linear range of 0.05 IU/ml. Serum HBeAg,
antibody to HBeAg (anti-HBe) and anti-HBs were measured by Abbott Laboratories
(Chicago, IL, USA). Serum HBV DNA levels were measured using Cobas Tagman
assay (Roche Diagnostics, Branchburg, NJ, USA) with the lower limit of detection of

20 1U/ml.

Statistics analysis

Continuous variables were expressed in mean (x standard) or median (interquartile
range, IQR). Serum HBsAg and HBV DNA levels were expressed in logarithm. The
continuous variables were compared using Student’s t-test or Wilcoxon matched-pairs
singed rank test as appropriate. Comparisons of categorical variables were analyzed
using Pearson’s chi-squared test or Fisher’s exact test as appropriate. Receiver
operating characteristic (ROC) curves were constructed to predict HBSAgQ
seroclearance, with the optimal cut-off protein level for prediction of HBSAg
seroclearance determined using the Youden’s index. A two-sided P value of <0.05
was considered statistically significant. Statistical analyses were performed using
SPSS version 24.0 (SPSS Inc, Chicago, IL, USA) or MedCalc Software Version

18.10.2.

10
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Results

Stage I: Proteomics analysis

Differentially expressed proteins identified via iTRAQ-based proteomics technology

The clinical characteristics of 20 patients achieving HBsSAg seroclearance and 20
matched controls are depicted in Supplementary Table 1. The mean age was 53.2 +
7.8 years (65% male). For the experimental group, the median duration from the time
of HBsAg seroclearance to sample collection was 2.2 (1.51-2.65) years. The median
HBsAg level in the control group was 2.67 (1.58-2.97) log 1U/ml. There were no
significant differences between the two groups with respect to other clinical

characteristics and liver parameters (p>0.05).

A total of 487 plasma proteins were identified (Supplementary Table 2A), of which
97 proteins showed altered expression. Among them, 88 proteins were found to be
upregulated (fold change >1.2), and 9 proteins down-regulated (fold change <0.8)
(Supplementary Table 2B). All differentially expressed proteins had at least one
unique peptide; 45.36 % (45/97) proteins had two more unique peptides. Six proteins
were identified with more than 10 unique peptides including fibronectin, alpha-2-
macroglobulin, talin-1, apolipoprotein E, epididymis luminal protein 114, and

kallikrein.

Bioinformatics analysis

In GO enrichment analysis, the top two biological processes were cellular processes
(27.3%) and immune responses (19.0%) (Figure 2A). Approximately one-third of

these proteins (34.6%) were annotated as cell compartments (Supplementary Figure

11
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1A). The top two molecular functions were catalytic activity and binding, and both

accounting for 37% (Supplementary Figure 1B).

IPA® was performed to retrieve the biological significance of these differentially
expressed proteins (Supplementary Figure 1C). The top disease function was
immunological disease, achieving a p value of 1.08E-15 via IPA® (Figure 2B and
Supplementary Table 3A). The top regulator effect achieved a highest consistency
score of 58.69. The detailed information of canonical pathways and networks analysis

are provided in Supplementary Table 3B and 3C.

The retrieved information from HPRD and UniProtKB databases is presented in the

Supplementary Table 2B.

The four proteins that were most associated with immunological response were
fibronectin[27-29], CD44[30-32], aldolase A (ALODA)[33], and S100 calcium-
binding protein A9 (S100A9)[34, 35] and were finally identified and subjected to the
next Stage Il study. Their representative MS/MS spectra with reporter ions of peptides

are shown in Figure 3.
Stage 11: Validating plasma expression of the four candidate proteins via ELISA

The clinical characteristics of 45 CHB patients achieving HBsAg seroclearance and
45 matched controls involved in the prospective validation are depicted in Table 1.
The median duration of follow-up after HBsAg seroclearance was 1.67 (0.94-2.23)
years. In the control group, median HBsAg level was 2.84 (2.29 -3.24) log IU/ml. The
duration of follow-up and HBeAg seroconversion were comparable between the two
groups (both p>0.05). Liver biochemistries in the two groups were also similar
(p>0.05).

12
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Validation ELISA showed median fibronectin level in patients achieving HBSAg
seroclearance was significantly higher than that of HBsAg-positive controls (188.82
ug/ml vs. 166.36 ug/ml, p=0.009) (Figure 4A). There was no significant difference in
the median levels of CD44, ALODA, and S100A9 between the two validation groups

(Figures 4B-D, all p>0.05).

Stage III: Assessment of fibronectin’s predictive value in HBsAg seroclearance

One hundred and sixty-four patients (82 patients achieving HBsAg seroclearance and
82 age and gender-matched HBsAg-positive controls) had available archived plasma
at three years (Year -3), one year (Year -1) prior to HBSAg seroclearance and at the
time of HBsAg seroclearance (Year 0). At Year 0, the mean age of patients achieving
HBsAg seroclearance was 51.48+9.98 years (66.2% male); sixty-eight patients
(82.9%) had undetectable HBV DNA (<20 IU/mL) and 10 (12.2 %) patients had
developed anti-HBs. Median HBsAg and HBV DNA levels in the control group were

2.27 (1.57-3.28) log 1U/ml, and 3.34 (2.25-4.30) log 1U/ml, respectively.

At Year 0, median plasma fibronectin in patients achieving HBsAg seroclearance was
significantly higher than that of controls (349.45 pg/ml vs. 208.72 pg/ml, p <0.001)
(Figure 5). A similar pattern was noted at Year -1 (413.26 pg/ml vs. 227.95 pg/ml, p
<0.001). There was no significant difference in the plasma levels of fibronectin
between the two groups at Year -3 (432.79 pug/ml vs. 400.28 pg/ml, p=0.124). In the
HBsAg seroclearance group, there was no difference in median fibronectin levels
across all three time points (p=0.667), while in the control group a significant

difference was observed (p<0.001) (Supplementary Figure 2).

13
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The predictability of plasma fibronectin for HBsAg seroclearance is depicted in Table
2. The plasma level of fibronectin at Year -1 achieved a modest value to predict
HBsAg seroclearance, with an area under the receiving operator characteristic
(AUROC) of 0.669 (p<0.0001), while fibronectin at Year -3 had a weak AUROC of
0.567 (p=0.1353). Analyzing patients with the optimal serum HBsAg levels < 200
IU/ml and HBsAg log reduction >0.5, their AUROC were 0.663 and 0.777,
respectively (both p<0.05). In the subgroup of patients with HBsAg level < 200 1U/ml
(N=87), the AUROC of plasma fibronectin at Year -1 increased to 0.730 (95%
confidence interval [CI]: 0.624-819; p=0.0003). In the subgroup patients with annual
HBsAg log reduction >0.5 (N=60), the addition of plasma fibronectin level at Year -1
achieved the highest predictive value, with the AUROC of 0.884 (CI: 0.775-952;
p=0.0003). The optimal cut-off fibronectin level was 122.03 pg/ml, with the
sensitivity of 98.2% and specificity of 75.0%. The positive predictive value (PPV)

reached to 98.2%, while the negative predictive value (NPV) was 75.0%.

Discussion

Studies of proteomics have been increasingly used for biomarker identification in
different disease entities. Examples include establishing a panel of serum biomarkers
for gynecological malignancies[19], and assessing the treatment response of lung
cancer during tyrosine kinase therapy[36]. In the present study, we employed iTRAQ
based proteomics technology to reveal the plasma proteomic profiling of CHB
patients with and without HBsAg seroclearance and identified a related plasma
biomarker. To our knowledge, this was the first study of this kind performed in this

disease entity.
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To ensure that the proteins identified were highly associated with HBsAg, we
established stringent matching criteria of enrolling patients during proteomic analysis.
Liver biochemistry and HBV DNA levels were well-matched. Achieving a good
sample quality and tackling the wide dynamic range of protein concentration are
challenges in the study of proteomics[37]. To circumvent these issues, the procedures
of sample processing and preservation adhered strictly to standard procedures[22],
ensuring minimal sample contamination and degradation. The most abundantly-found
proteins (e.g. albumin, different immunoglobulins) had been depleted for enriching
low-abundance proteins[38]. Also, pre-fractionations of peptides was performed to

reduce the dynamic range and enhance the coverage of protein identification[39].

Through validation in both a prospective and historical cohort, our present study
demonstrated plasma fibronectin can potentially act as a biomarker for predicting
HBsAg seroclearance. Fibronectin may be involved in both innate and adaptive
immune cell function via toll like receptor 4 (TLR4), enhancing HBV-specific T cells
and B cells responses[40], with associated cytokines correlating with serum HBsAgQ
levels[41]. In vitro and in vivo experimental studies have demonstrated that activation
of TLR system can initiate antiviral mechanisms via the production of type |
interferons[42], pro-inflammatory cytokines[43] and intracellular antiviral
pathways[44], resulting in inhibition of HBV replication. As a marker of immune
stimulation, this can explain the sustained high levels of fibronectin in patients
achieving HBsAg seroclearance, as well as the significant decline in fibronectin levels
among patients persistently HBsAg-positive. Further research will be required to

validate mechanistically this linkage of fibronectin to HBsAg seroclearance.
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The potential future use of fibronectin will be for use in combination with other
established viral markers, e.g. quantitative HBsAg levels, which is limited by a low
PPV[7]. Among patients achieving a certain degree of HBsAg reduction (e.g. annual
decline >0.5 log), fibronectin was able to differentiate patients with and without
HBsAg seroclearance, with a sensitivity of 98.2% and specificity of 75.0%. The high
PPV of 98.2% signified fibronectin, together with moderate HBsSAg reduction, can
identify a majority of HBsSAg seroclearance patients one year prior to HBSAg
seroclearance. If similar results are validated in patients on long-term nucleoside
analogue therapy, plasma fibronectin may aid in identifying patients with the
possibility of achieving the “functional cure” of HBsAg seroclearance and eventual

cessation of therapy.

The merits of this study included the application of advanced technology and strict
matching criteria, which facilitated to identification of subtle changes of protein
abundance. However, our present study had certain limitations. Although several
clinical parameters had been matched between experimental and control groups, other
variables such as viral mutants and genotypes may have confounding effects. The
predictability of fibronectin was only evident one year prior to HBsAg seroclearance
and in patients with a substantial serum HBsAg level decline. Our study results did
not provide a true mechanistic link between fibronectin and HBsAg seroclearance,
and further studies investigating this linkage will be required. Nonetheless, our
present study displayed the real-world “end result” of plasma protein profiles that
were associated with HBsAg seroclearance, and identified a potential biomarker for

the “functional cure” of CHB.
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In conclusion, plasma fibronectin level was identified to be associated with HBsSAg
seroclearance, and could be a potential predictor of “functional cure”. Future studies
should explore the mechanistic nature between fibronectin and HBsAg seroclearance,

as well as its application in clinical prognostication of CHB.
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Table 1. Baseline characteristics of 45 paired chronic hepatitis B patients with and

without spontaneous HBsAgQ seroclearance involved in stage Il: prospective
validation.
HBsA(g seroclearance HBsAQg positive*
(N=45) (N=45) P value

Age, years 53.76+11.86 53.73+11.88 0.697
Sex, male% 21/45 (46.7%) 21/45 (46.7%) 1
Quantitative HBsAg, log
U/ml / 2.84(2.29-3.24) -
Duration of HBsAg
seroclearance, years 1.67(0.94-2.23) / -
Duration of follow up, years 9.91(6.97-12.63) 9.60(7.03-10.26) 0.487
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Duration of HBeAg
seroconversion, years
Albumin, g/L
ALT, U/L

AST, U/L

ALP, U/L

GGT, U/L
Bilirubin, umol/L
WBC, x 10°/L
Platelet, x 10°/L
Fibronectin, ug/ml
CD44, ng/ml
ALDOA, ng/ml

S100A9, pg/ml

7.16(5.15-8.07)
45.00(43.00-46.50)
22.20(15.50-25.00)
24.00(18.00-27.00)
60.00(54.00-75.50)
19.00(15.00-26.50)

8.00(7.00-12.00)

6.32(4.84-7.44)

229.00(189.00-258.50)

188.82 (156.39-252.66)

44.30(27.56-62.34)
19.40(12.11-23.74)

19.56(11.63-41.67)

7.07(5.89-8.18)
44.00(43.00-46.00)
22.00(18.00-34.50)
24.00(22.50-29.00)
68.00(53.50-76.00)
18.00(15.25-29.75)
8.00(5.50-12.00)
5.51(4.42-6.60)
223.00(186.5-258.00)
166.36 (107.73-219.24)
52.92(33.95-64.62)
15.30(11.45-21.30)

21.70(9.30-38.21)

0.326

0.322

0.099

0.053

0.355

0.645

0.716

0.138

0.888

0.009

0.364

0.203

0.955

Continuous variables expressed as mean + standard deviation or median (interquartile range) when

appropriate. *"HBV DNA in all patients was undetectable. HBsAQ: hepatitis B surface antigen, HBeAg:

hepatitis B e antigen, ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate

aminotransferase , GGT: glutamyl transferase, WBC: white blood cells. ALDOA: Aldolase A. S100A9:

S100 calcium-binding protein A9. A Wilcoxon matched-pairs singed rank test was used for analysis.
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Table 2. Accuracy of plasma fibronectin levels in predicting HBsAg seroclearance in stage I11: predictive study

Sensitivity Specificity PPV NPV Number
AUROC P SE 95%Cl

Parameters (%) (%) (%) (%) patient
Year -3, fibronectin 0.567 0.1353  0.045 = 0.487-0.644 78.1 35.4 54.7 61.7 164
Year -1, fibronectin 0.688 <0.0001 0.041 0.611-0.758 80.5 54.9 64.1 73.8 164
HBsAg<200 IU/ml* 0.663  0.0155  0.067 0.554-0.761 60.9 69.6 84.8 39.0 87
Year -1 fibronectin in HBsAg <200 1U/ml 0.730  0.0003 0.063 0.624-0.819 79.7 60.9 85.0 51.9 87
Annual HBsAg reduction >0.5 log* 0.777 0.0262 0.124 0.651-0.874 71.4 75.0 97.6 15.8 60
Year -1 fibronectin in annual HBsAg reduction >0.5 log 0.884  0.0003 0.106 0.775-0.952 98.2 75.0 98.2 75.0 60

* HBsAg at Year -3 selected. “Annual HBsAg log reductions based on time points Year -3 to Year -1 and then divided by two.

AUROC: area under receiver operator curve. SE: standard error. Cl: confidence interval. PPV: positive predictive value. NPV: negative predictive value.
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Figure legends

Figure 1. Overview of the study design for differentially expressed proteins
associated with spontaneous hepatitis B surface (HBsAQ) seroclearance in chronic
hepatitis B (CHB) patients. Stage . proteins identification via quantitative
proteomics and functional analysis of identified proteins via bioinformatics analysis.
Stage Il: validation of candidate proteins using a separate cohort of patients. Stage
I11: evaluation of predictive values of identified proteins for HBsAg seroclearance

using a historical cohort.

Figure 2. Bioinformatics analysis of the 97 differentially expressed proteins. A.
Biological process using Geno Ontology (GO) enrichment analysis. Each annotated
protein is assigned at least one GO term. Numbers refer to the frequency of assigned
proteins in each category. B. The disease and function generated through Ingenuity

Pathway Analysis.

Figure 3. Representative tandem mass spectrometry (MS/MS) spectra of peptides
with the reporter ions used for identification and quantitation of the four selected
differentially expressed proteins, with 114 and 115 tags labelled HBSAg positive
patients (control group), and 116 and 117 tags labelled HBsAgQ seroclearance patients
(experimental group). The lower mass spectrum was the product ion scan (MS/MS)
of the fragmented isobaric tags for relative and absolute quantification (iTRAQ)-
labeled peptides. The b and y ions were indicative of the peptide sequence. The
zoomed spectrum represented the quantity of iTRAQ reporter ions generated from the
peptides, indicating the relative levels of peptide in the two groups. Lower left in each
subfigure represented the MS/MS spectra of precursor ion for identified fibronectin,

ALDOA, CD44 and S100A9, respectively; upper right indicated the relative
26
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quantitative of these four proteins according to the intensity ratio for reporters

116:114 and 117/115.

Figure 4. Validation of the four selected candidate proteins in 45 paired patients who
did and did not have HBsAg seroclearance using ELISA in Stage Il study. The p
values were calculated via Wilcoxon matched pairs tests. The horizontal line indicates

the median value for each group. The error bar represents 95% confidence interval.

Figure 5. Serial plasma fibronectin levels in patients with spontaneous HBsAg
seroclearance and HBsAg positive (controls) at Year -3, Year -1 and Year 0 in Stage
Il predictive study. The p values were calculated via Wilcoxon matched pairs tests.
The horizontal line indicates the median value for each group. The error bar

represents 95% confidence interval.
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Figure 1. Overview of the study design for differentially expressed proteins discovery,
validation and prediction.
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Figure 2A. Biological process via GO
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Figure 2B. Disease and function via IPA
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Figure 3A. Fibronectin MS proteomics
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Figure 3B. ALDOA MS proteomics
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Figure 3C. CD44 MS proteomics
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Figure 3D. S100A9 MS proteomics
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Figure4A-D. Validation results
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Figure5. Serial changes of fibronectin

Figure 5. Serial plasma fibronectin levels in patients with spontaneous HBsAg seroclearance and HBsAg
positive (contrals) at Year -3, Year -1 and Year 0 in Stage |l predictive study. The p values were calculated
via Wilcoxon matched pairs tests. The horizontal line indicates the median value for each group.

The error bar represents 95% confidence interval.
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