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SUMMARY

Limited access to diagnostic tests for liver fibrosis remains one of the main rea-
sons for late diagnosis, especially in rural and remote communities. Saliva diag-
nostics is accessible with excellent patient compliance. The aim of this study
was to develop a saliva-based diagnostic tool for liver fibrosis/cirrhosis. Salivary
concentrations of hyaluronic acid (HA), tissue inhibitor of metalloproteinase-1
(TIMP-1), and a-2-macroglobulin (A2MG) were significantly increased (p < 0.05)
in patients with liver fibrosis/cirrhosis. By combining these biomarkers, we devel-
oped the Saliva Liver Fibrosis (SALF) score, which identified patients with
liver cirrhosis with an area under the receiver operating characteristic curve
(AUROC) of 0.970 and 0.920 in a discovery and validation cohorts, respectively.
The SALF score had a performance that was similar to that of the current
Fibrosis-4 (AUROC:0.740) and Hepascore (AUROC:0.979). We demonstrated
the clinical utility of saliva to diagnose liver fibrosis/cirrhosis with a potential to
improve the screening for cirrhosis in asymptomatic populations.

INTRODUCTION

The accurate assessment of the degree of fibrosis in the liver is crucial for the clinical management of
chronic liver disease patients. As liver-related morbidity and mortality are linked to the degree of liver
fibrosis, a screening program to identify individuals with liver fibrosis becomes important not only to
manage complications but also to monitor them for the progression to hepatocellular carcinoma (HCC).
Liver/hepatic fibrosis is a common feature in the majority of chronic liver diseases and is characterized
by the progressive substitution of the liver parenchyma by scar tissue as a response to sustained injury.’
In its advanced stage, known as liver cirrhosis (LC), it can cause serious complications such as ascites,
bleeding from esophageal varices, hepatic encephalopathy, HCC, and liver failure.” Indeed the vast major-
ity of HCC cases develop in the context of a cirrhotic liver, and HCC is now the third leading cause of cancer-
related death worldwide.” Thus, the reliable assessment of the degree of fibrosis is an important factor to
guide therapeutic decisions and determine prognosis in patients with chronic liver disease.”

Liver biopsy is the gold standard method for the assessment of liver fibrosis.” However, the inaccuracy of
biopsy sampling can result in failure to recognize cirrhosis in up to 20% of patients.® As such, liver biopsy is
not a recommended tool for screening individuals at-high risk of progressive liver fibrosis.” Recently, non-
invasive methods to detect liver fibrosis have gained attention. These methods consist of “biomarker
approach”, mainly using the quantification of biomolecules present in serum, and a “physical approach”,
using ultrasound- or magnetic resonance-based technologies.” In the biomarker approach, a score is calcu-
lated based on the measurements of a combination of clinical and laboratory variables.” As an example, the
Fibrosis-4 (FIB-4) score is composed of age, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and platelet count, with an area under the receiver operating characteristic curve (AUROC) of
0.800 for the detection of fibrosis (77% sensitivity and 79% specificity).'” Other scores use extracellular ma-
trix-related molecules such as the Enhanced Liver Fibrosis (ELF) score, based on the measurement of type
Il procollagen peptide (P3NP), hyaluronic acid (HA), and tissue inhibitor matrix metalloproteinase-1 (TIMP-
1)."" Several studies report the ELF score as the most accurate serum-based test to detect advanced fibrosis
and cirrhosis (AUROC 0.78-0.84).%?

Recently, human saliva has gained attention as a diagnostic medium because it mirrors the general health
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Table 1. Characteristics of participants in the discovery and validation cohorts

Discovery cohort Validation cohort

n 40 95
Male, % 23 (57) 55 (57)
Age, years 60 (9) 64 (7)
AST, IU/L 40 (22) 52 (20)
ALT, IU/L 50 (18) 58 (24)
AP, IU/L 88 (29) 78 (14)
Albumin, g/dL 36 (4) 39 (6)

Cause of liver disease

MAFLD, % 23 (76.6) 67 (82.8)
Alcohol, % 1(3.3) 3(3.7)
Viral hepatitis, % 2(6.7) 5(6.1)
Other, % 4(1.4) 6(7.4)

Liver fibrosis stage

% of patients without fibrosis 20 (50.0) 54 (56.8)
% of patients with intermediate fibrosis 10 (25.0) 10 (10.6)
% of patients with liver cirrhosis 10 (25.0) 31 (32.6)

Data are expressed as means (standard deviation) or number (proportion).
AST: aspartate aminotransferase, ALT: alanine aminotransferase, AP: alkaline phosphatase, MAFLD: metabolic-associated
fatty liver disease.

biomarkers that are transported from the bloodstream.'®'” Many studies have shown that saliva is useful
for the detection of diseases of the oral cavity’’“? and also for systemic conditions including heart dis-
ease, 7?34 type 2 diabetes mellitus,”” viral infection,’®?’ and several types of cancer (breast, lung,
ovarian, liver, gastric, and pancreatic).77’33 The non-invasive nature of saliva collection leads to excellent
patient compliance for testing, rendering saliva to be an ideal diagnostic medium when screening people
from socioeconomically disadvantaged communities, patients from rural and isolated regions, and indig-
enous populations. There is some evidence suggesting that liver function parameters can be evaluated in
saliva,® and metabolite signatures have been developed to discriminate between healthy individuals and
patients with liver cirrhosis or HCC.?®> However, this is the first study to use saliva as a sample matrix to
detect liver fibrosis.

We hypothesize that currently used serum biomarkers to evaluate liver fibrosis can also be detected in
saliva samples. In this pilot study, we investigated the clinical utility of six salivary biomarkers that are
routinely used in clinical practice to evaluate liver fibrosis, and these include: y-glutamyl transferase
(GGT), total bilirubin, a-2-macroglobulin (A2MG), P3NP, HA, and TIMP-1—in paired serum and saliva sam-
ples from patients with various degrees of liver fibrosis. We have developed the Saliva Liver Fibrosis (SALF)
score, the first saliva-based algorithm to diagnose liver fibrosis/cirrhosis with a potential to reduce the dis-
ease burden in rural and remote communities.

RESULTS

Characteristics of participants

The clinical characteristics of the patients included in the discovery (n = 40) and validation (n = 95) cohorts
were similar (Table 1). The average age of participants in the discovery cohort and validation cohort were
60 + 9 years and 64 £ 7 years, respectively (p = ns), and the gender distribution was similar in the groups
(57% male in the discovery vs. 57% male in the validation cohort). Three main causes of liver disease were
identified in the populations: metabolic-associated fatty liver disease (MAFLD) (discovery: 76.6%, valida-
tion: 82.8%), alcoholic liver disease (ALD) (discovery: 3.3%, validation: 3.7%), and chronic viral hepatitis (dis-
covery: 6.7%, validation: 6.1%). These etiologies were evenly distributed between the cohorts. Regarding
the stage of fibrosis as measured using TE, the discovery cohort had a higher proportion of patients with
intermediate degrees of liver fibrosis (25.0% in the discovery cohort vs. 10.6% in the validation). No
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Figure 1. Concentrations of HA, P3NP, TIMP-1, A2MG, total bilirubin, and GGT in paired serum (left) and saliva (right) samples from healthy
controls, patients with liver disease without fibrosis, liver fibrosis, and liver cirrhosis patients
Significant differences are indicated by *(p < 0.05), **(p < 0.01), ***(p < 0.001), and ****(p < 0.0001).

differences were observed between the discovery and validation cohorts regarding the clinical parameters
and serum concentration of liver enzymes.

Biomarker quantification in serum and saliva samples

Six currently used serum biomarkers for the detection of liver cirrhosis (LC) were measured in paired serum
and saliva samples. For HA, TIMP-1, P3NP, and A2MG, the concentrations were measured using ELISA.
Spike and recovery tests were performed to validate the commercially available kits with saliva samples.
Significantly higher mean serum concentrations (p < 0.05) of HA, A2MG, P3NP, and total bilirubin were de-
tected in the serum of LC patients compared to controls (Figure 1, Table 2). Patients in the intermediate
fibrosis (IF) cohort also showed significantly higher mean concentrations of A2MG (p < 0.05) compared

iScience 26, 107015, July 21, 2023 3
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Table 2. The quantification of liver fibrosis biomarkers in serum and saliva of patients with liver cirrhosis,
intermediate degrees of fibrosis, non-fibrotic liver conditions and healthy controls in the discovery set

HC LD IF LC p value
Age, years 65 (8) 59 (10) 64 (9) 61 (10) 0.3054
Male, % 8 (57) 23 (57) 6 (60) 18 (58) 0.3648
LSM, kPa 5.3 (1.4) 5(1.2) 9.8 (1.4) 22.6 (4) <0.0001
Serum HA, ng/L 26.2 (9.3) 41.4(25.8) 44.2(10.4) 103.5 (33) <0.0001
Saliva HA, ng/L 5.6(2.4) 5.8(3.7) 13.6 (3.6) 13.2(3.8) <0.0001
Serum TIMP-1, pg/L 71.5 (64.1) 88.2 (40.1) 79.9 (27.5) 101.7 (27.3) 0.4414
Saliva TIMP-1, ng/L 2.8 (0.9 3(1) 3.2(1) 3.8(0.7) 0.0847
Serum A2MG, mg/L 2.1(0.8) 2.2(0.7) 2.9(0.8) 2.9(1) 0.0488
Saliva A2MG, pg/L 20.4 (7) 24.5 (10.5) 32.2(15.9) 34.2 (13.6) 0.0475
Serum P3NP, pg/L 9.3(2.9) 9(1.7) 7.6(1.7) 12.2 (4.7) 0.0144
Saliva P3NP, pg/L 3.4 (1.6) 2.9(1.4) 3.7 (1.5) 4.5 (2.8) 0.2803
Serum bilirubin, mg/L 0.85(0.32) 0.75(0.38) 0.96(0.35) 1.38(0.36) 0.0016
Saliva bilirubin, mg/dL 0.07 (0.06) 0.07 (0.07) 0.09 (0.1) 0.14 (0.12) 0.4087
Serum GGT, IU/L 23.4 (15.4) 22.1(12) 48.5 (36.4) 29.3(11.7) 0.0331
Saliva GGT, IU/L 4.3 (2.1) 5.6 (3) 5.6 (3.4) 2(2.9) 0.6953
ELF score 6.2(0.4) 7.7 (0.6) 8.7(0.4) 8(0.5) <0.0001
Hepascore 0.1 (0.1) 0.2(0.2) 0.4(0.2) 7(0.3) <0.0001
FIB-4 N/A 1.1(0.4) 1.8(0.3) 9(1.6) <0.0001
APRI N/A 0.5(0.2) 0.8 (0.3) 9(0.5) <0.0001

Data are expressed as means (standard deviation).
LSM: liver stiffness measurement, ELF: Enhanced Liver Fibrosis score, FIB-4: Fibrosis-4, APRI: AST to Platelet ratio index. Sta-
tistical significance determined using ANOVA.

to those in the liver disease (LD) cohort and controls. For TIMP-1, the mean serum concentration was signif-
icantly increased (p < 0.05) in LC patients compared to the controls, but no differences were observed be-
tween the LC and IF cohorts.

All six biomarkers were successfully detected in saliva samples but at lower concentrations compared to
serum. Mean concentrations of salivary HA, TIMP-1, and A2MG were higher in patients with LC
(p < 0.05) compared to healthy control (HC). Furthermore, a significant increase (p < 0.0001) in the mean
concentration of HA in saliva was also observed in patients in the IF cohort compared to HC and LD (Ta-
ble 2). No significant differences were observed between the groups in either serum or salivary GGT levels,
and the increase in total bilirubin observed in the serum samples was not observed in saliva. The Spear-
man’s Rho correlation showed a significant positive correlation between the serum and salivary concentra-
tions of HA (r = 0.546, p < 0.01), A2MG (r = 0.326, p < 0.05), and total bilirubin (r = 0.482, p < 0.05) (Figure S1).

Development of the SALF score

Overall, the highest AUROC was obtained when LC patients were compared to HCs. In serum, the bio-
markers with the highest AUROC for the identification of cirrhosis vs. HCs were HA, total bilirubin, and
TIMP-1 with AUROC values of 0.980, 0.840, and 0.750, respectively (Table 3). HA, A2MG, and TIMP-1
showed the best performance in saliva samples with AUROCs of 0.971, 0.850, and 0.830, respectively.
When compared to the measurements in serum, the salivary biomarkers had slightly lower AUROCsS,
with an exception of TIMP-1, in which the performance in saliva was superior (salivary AUROC: 0.830 vs.
serum AUROC: 0.750) (Table 3). Furthermore, the concentrations of these three biomarkers in saliva
were independently associated with the degree of liver fibrosis as observed by a significant positive corre-
lation between liver stiffness measurement (LSM) and HA (r = 0.474, p < 0.001), TIMP-1 (r = 0.202, p = 0.046),
and A2MG (r = 0.389, p < 0.001) levels.

The salivary biomarkers assessed in the discovery set were then used in a logistic regression analysis to
create a diagnostic algorithm for LC. The optimal model with the highest AUROC was obtained by

4 iScience 26, 107015, July 21, 2023
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Table 3. Area Under the Curve (AUROC) for serum and saliva biomarkers in liver cirrhosis patients compared to patients with non-fibrotic liver disease and healthy individuals

Cirrhosis vs. Healthy

Cirrhosis vs. LD

Cirrhosis vs. Healthy+LD

Cirrhosis+Fibrosis vs. Healthy+LD

Variable AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV
Serum HA 0.98 90 100 90.9 100 0.92 80 100 83.3 100 0.95 90 90 947 818 0.86 75 85 77.3 83.3
Saliva HA 0.97 90 100 90.9 100  0.91 90 80 88.9 81.8 095 90 90 947 81.8 0.95 90 90 90 90
Serum TIMP1 0.75 100 6 100 714 048 100 30 100 49.9 0.64 100 35 100 435 0.60 55 75 62.5 68.8
Saliva TIMP-1 0.83 100 60 100 714 072 90 50 833 643 078 90 55 91.7 50 0.68 90 45 81.8 62.1
Serum A2MG 0.73 90 60 85.7 692 0.59 40 90 60 80 0.66 90 45 90 45 0.76 60 85 68 80
Saliva A2MG 0.85 80 90 81.8 889 0.75 70 90 75 87.5 0.80 70 95 86.4 875 074 55 95 67.9 91.8
Serum GGT 0.59 90 50 83.3 643 0.66 100 30 100 488 0.63 90 45 90 45 0.70 90 45 81.8 625
Saliva GGT 0.64 40 90 60 80 0.51 100 20 100 456 056 60 65 765 462 056 45 80 59.3  69.2
Serum bilirubin ~ 0.84 80 90 81.8 889 0.89 80 90 81.8 889 0.86 80 90 90 80 0.73 55 90 66.7 84.6
Saliva bilirubin ~ 0.65 80 50 71.4 615 0.675 60 80 64.7 75 0.66 60 75 78.9 545 0.1 50 75 60 66.7
Serum P3NP 0.70 80 70 77.8 737 0.75 80 80 80 80 0.73 80 75 88.9 615 048 40 85 58.6 727
Saliva P3NP 0.64 40 100 62.5 100 0.67 50 90 643 833 0.66 40 100 76.9 100 0.64 55 75 62.5 685

LD: Liver Disease; Sens: Sensitivity (%); Spec: Specificity (%); PPV: Positive Predictive Value (%); NPV

: Negative Predictive Value (%).
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Algorithm AUROC Cut-off Sens,% Spec,% PPV,% NPV,%
SALF 0.970 0.51 95.0 90.0 94.7 90.5
Hepascore 0.979 0.50 69.8 91.1 98.9 85.7
ELF 0.991 9.00 100.0 91.1 93.0 90.0
FIB-4 0.740 1.28 82.6 71.0 67.3 69.0
APRI 0.820 0.50 78.8 81.4 66.7 71.9

Figure 2. The receiver operating characteristics (ROC) curve analysis of the Saliva Liver Fibrosis (SALF) score
(A) The SALF score for each individual was calculated using a logistic regression model combining the measurement of
HA, TIMP-1, and A2MG (cutoff of 0.51 indicated as a dashed diagonal line).

(B-E) The performance of the SALF score was compared with its individual components, (C) between serum and saliva
samples, and (D and E) with other serum-based diagnostic models used for the detection of liver cirrhosis. SALF: Saliva
Liver Fibrosis score; ELF: Enhanced Liver Fibrosis score; FIB-4: fibrosis-4 score; APRI: AST-to-platelet ratio index; PPV:
Positive Predictive Value; NPV: Negative Predictive Value.

combining salivary HA, TIMP-1, and A2MG, which was named Saliva Liver Fibrosis (SALF) score. The SALF
score was calculated using the following algorithm SALF = (Y/Y+1), in which Y = EXP[-15.8454816 +
(0.7944629*HA) + (1.3469354*TIMP-1) + (0.1541859*A2MG)]. The SALF scores of LC (0.921 + 0.09) and
fibrosis patients (0.819 + 0.285) were significantly higher (p < 0.0001) than the score of the HCs (0.034 +
0.05) and patients with non-fibrotic liver disease (0.061 + 0.29) (Figure 2A). No significant differences in
the SALF scores were observed between the cirrhosis and fibrosis cohorts. The SALF score showed a diag-
nostic performance which was significantly higher than its individual parameters for all the conditions
tested (Figure 2B) and also superior to the combination of the same biomarkers in serum samples (Fig-
ure 2C). The SALF score was compared to other clinically validated serum algorithms to diagnose LC, in
which the performance of the saliva score was superior to that of the FIB-4 (AUROC: 0.740) and AST-to-
platelet ratio index (APRI) (AUROC: 0.820) and similar to that of the Hepascore (AUROC: 0.979). The ELF
score showed the best performance, with an AUROC of 0.991, 100.0% sensitivity, and 91.7% specificity
for the detection of fibrosis (Figures 2D and 2E).

Validation of the SALF score

To further investigate the clinical utility of the developed SALF score, the performance of the algorithm was
validated using an independent cohort of patients with different degrees of fibrosis: 14 HCs, 40 patients
with non-fibrotic liver conditions (LD), 10 patients with intermediate degrees of hepatic fibrosis (IF), and
31 LC patients. In the validation cohort, the concentrations of HA, TIMP-1, and A2MG were significantly
increased in the saliva of cirrhosis patients when compared to patients in the control and liver disease co-
horts (p < 0.05, Figure 3A). Furthermore, the mean concentration of salivary HA was increased in the

6 iScience 26, 107015, July 21, 2023
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Figure 3. Validation of the SALF score in an independent cohort

(A) The concentrations of HA, TIMP-1, and A2MG were measured in the saliva of healthy controls and liver disease,
fibrosis, and cirrhosis patients.

(B and C) The SALF score was calculated and (C) ROC analysis was performed to assess the performance of the SALF score
for the diagnosis of liver fibrosis (LC + IF vs. HC + LD) compared to the individual components.

patients with liver fibrosis compared to those with liver disease (p < 0.05). The SALF score for each patient
was calculated according to the previous algorithm. The median SALF scores of cirrhosis patients (0.88 +
0.21) were significantly higher (p < 0.01) than those in the HC (0.20 + 0.31) and liver disease cohorts (0.09 +
0.20). The fibrosis cohort showed SALF scores (0.50 + 0.41) that were significantly different from scores in
patients with LC (p < 0.01), liver disease (p < 0.01), and controls (p < 0.05). No statistically significant differ-
ences were observed between controls and liver disease patients (p = 0.563) (Figure 3B). Using the optimal
cutoff of 0.51, the SALF score showed an AUROC of 0.962, with 87.1% sensitivity, 94.4% specificity, 92.7%
positive predictive value (PPV), and 90.0% negative predictive value (NPV) to detect cirrhosis against those
without fibrosis (healthy + liver disease). Importantly, for the detection of significant/advanced liver fibrosis
(LC + IF), the AUROC, sensitivity, specificity, PPV, and NPV were 0.920, 90.2%, 87.0%, 92.2%, and 84.1%,
respectively. Similar to the discovery cohort, the performance of the combinatorial algorithm was superior
to the performance of its components individually (Table 4, Figure 3C). Considering the discovery and vali-
dation cohorts, the SALF score also showed a strong correlation with LSM measurements (r = 0.616,
p < 0.001, Figure S2).

DISCUSSION

Approximately two-thirds of patients with liver disease are diagnosed with advanced stages of disease,
despite the innovations in non-invasive diagnosis of liver fibrosis. The importance of early diagnosis and
management of chronic liver disease is also recognized by the international liver associations.***” In
Australia, 60% of HCC cases have undiagnosed cirrhosis, and up to 66% of MAFLD-associated cirrhosis

el . . . 383 . .
cases are not initially diagnosed during routine care.’**” Several non-invasive approaches, such as blood
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Table 4. Accuracy of the detection of significant fibrosis (LC + IF vs. HC + LD) in the discovery, validation, and total
cohort using the SALF score, in comparison to its constitutes

AUROC Sens, % Spec, % PPV, % NPV, %
Discovery cohort
SALF 0.970 95 90 94.7 90.5
HA, ng/L 0.948 90 90 90 90
TIMP-1, ng/L 0.682 90 45 81.8 62.1
A2MG, pg/L 0.738 55 95 67.9 91.8
Validation cohort
SALF 0.920 90.2 87 92.2 84.1
HA, ng/L 0.873 85.4 77.8 87.5 74.5
TIMP-1, ng/L 0.703 63.4 741 72.7 65
A2MG, pg/L 0.711 43.9 92.6 68.5 81.8
Total cohort
SALF 0.936 90.2 89.2 91.7 87.3
HA, ng/L 0.894 78.7 86.5 83.1 82.8
TIMP-1, ng/L 0.706 70.5 664.9 72.7 62.3
A2MG, pg/L 0.716 54.1 83.8 68.9 73.3

fibrosis tests and liver elastography to detect liver fibrosis have been reported. These tests facilitate early
diagnosis and may avoid the need for liver biopsy. Some of the drawbacks relating to current diagnostic
workflow are limited awareness and use by clinicians in the primary care setting, difficulty in accessing these
investigations which are often restricted to major centers, expense, and the need for venepuncture.
Improving access and uptake of tests for fibrosis and the screening of populations at risk are two major un-
met clinical needs to achieve earlier diagnosis of liver fibrosis and to tailor earlier targeted interventions to
prevent complications of the disease. There are two contemporary matters to consider in this context.
Firstly, the increasing global burden of MAFLD will compound the problem of patients presenting with
advanced disease and related complications. Secondly, access to diagnostic tests in disadvantaged, rural
and indigenous communities is limited. Recent studies have highlighted the increasing burden of chronic
liver disease in indigenous, rural, and regional communities especially linked to lower income and levels of
education, restricted access to care, and older ages of the population.’®*" In this context, the development
of a readily accessible, cost-effective screening test to identify patients who require close monitoring or
further intervention would significantly improve patient outcomes.

The present pilot study was aimed to develop a simple saliva-based score for the detection of liver fibrosis,
named Saliva Liver Fibrosis (SALF) score. We analyzed six of the main serum markers for fibrosis—HA,
TIMP-1, A2MG, GGT, total bilirubin, and P3NP—in serum and saliva samples from liver disease patients
with different degrees of fibrosis and healthy volunteers. The SALF score accurately detected patients
with LC within a population of healthy individuals and patients with underlying liver disease. In addition,
the score can be further developed to be used for the detection of earlier stages of liver fibrosis, as demon-
strated by the performance of the novel algorithm in patients with intermediate degrees of fibrosis (F2
and F3).

These findings were subsequently validated in an independent cohort of patients. We found that a SALF
score >0.51 provided an AUROC of 0.970 and 0.920 to detect LC in the discovery and validation sets,
respectively, with high sensitivity (95.0% and 90.2%) and specificity (90.0% and 87.0%). This model showed
a diagnostic performance which was similar to that of the ELF score (AUROC 0.690-0.990)*? and the Hepa-
score (0.730-0.850).*° Furthermore, the SALF score showed a better performance in saliva than the combi-
nation of the same biomarkers in serum.

Serum levels of HA, A2MG, and TIMP-1 have been previously linked to excessive fibrogenesis in the liver. HA is a

polysaccharide that provides structural and functional support within the extracellular matrix.** It has been used
as a non-invasive marker for LC caused by viral, metabolic, and environmental factors.”>*® TIMP-1 modulates the
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extracellular matrix degradation by regulating the activity of matrix metalloproteinases (MMPs). The circulating
concentrations of TIMP-1 were reported to increase with the progression of chronic liver disease.”” A2MG is a
proteinase inhibitor of the catabolism of matrix proteins, therefore enhancing the fibrotic process in the
liver."®*? Although these molecules have been previously detected in saliva, there are no reports of clinical
studies investigating their application for the detection of liver fibrosis.***%->

Saliva-based diagnosis of liver fibrosis provides a remarkable opportunity for screening of populations at
risk of liver fibrosis. Our results show that SALF score can detect patients with significant to advanced liver
fibrosis. Based on our observations, we propose that the best application of a simple saliva test could be to
identify those patients with at least intermediate grades of fibrosis, such as those who have a higher SALF
score and may require further more sophisticated evaluation with serum markers, Fibroscan, or liver biopsy.
A simple screening test for liver fibrosis will also reduce the burden of unnecessary testing. It is understood
that only 20% of the population with MAFLD develop significant hepatic fibrosis. Many of the remaining
80% undergo further unnecessary and expensive testing since clinical evaluation and standard biochemical
tests do not allow clinicians to identify the group with significant fibrosis. If confirmed in larger studies, and
given the lower costs and almost universal compliance of collection, saliva testing and application of the
SALF score may become a simple and inexpensive way to identify the patients at higher risk who warrant
further investigation.

In comparison to other non-invasive sampling methods such as blood, feces, and urine, saliva presents the
advantage of better patient compliance.®® Furthermore, specific discovery is not necessary for collection,
which can be performed at home by the patient, and further facilitates sequential sampling.” Finally, the
introduction of saliva diagnosis for liver disease would significantly improve health care in rural and
geographically isolated regions. Roberts et al. showed that the prevalence of MAFLD in rural regions of
Australia is considerably higher (36%) than the average prevalence in white populations (25%)."" A similar
disparity was observed in the United States, where patients with end-stage liver disease admitted to hos-
pitals in rural areas had over twice the odds of experiencing in-hospital mortality compared to urban hos-
pitals.>® In this context, saliva presents the advantage of being stored without the need for special labora-
tory equipment,”® collected into stabilizing buffers for short-term transport™ > and, more recently, applied
to point-of-care devices.”

In this pilot study, we have demonstrated the potential clinical utility of saliva as a sample matrix to diag-
nosis of liver fibrosis/cirrhosis. We have shown that serum biomarkers can be detected in saliva samples and
are significantly increased in patients with LC compared to healthy individuals and patients with underlying
liver disease. We developed the first saliva-based score for the diagnosis or screening for liver fibrosis. The
SALF score has the potential to improve the screening for cirrhosis in high-risk asymptomatic populations,
potentially decreasing the proportion of patients who progress to liver failure and/or cancer.

Limitations of the study

The major limitation of the current study is that the great majority of LC patients were not submitted to a
liver biopsy. Although considered the gold standard to diagnose LC, biopsies are not suited for screening
purposes and are usually reserved for long-term follow-ups in patients with a high risk of advanced liver
disease.” Therefore, transient elastography was used to stratify liver disease patients according to their
proposed degree of fibrosis. Although transient elastography has shown a good diagnostic accuracy, there
are technical limitations regarding its reliability for obese patients and/or people with large amounts of
chest wall fat.>” Furthermore, the biomarkers in serum were measured using commercially available
ELISA kits, which may present results that are different from results of the tests conducted in a clinical
pathology laboratory. A second limitation of the study is the sample size, which is relatively small and
does not allow for the classification of patients according to etiology. Thus, future multi-center studies
involving a large number of patients with histology-proven liver fibrosis are necessary.

STARXMETHODS
Detailed methods are provided in the online version of this paper and include the following:
o KEY RESOURCES TABLE

® RESOURCE AVAILABILITY
O Lead contact

¢? CellPress

OPEN ACCESS

iScience 26, 107015, July 21, 2023 9




¢? CellPress

OPEN ACCESS

O Materials availability
O Data and code availability
o EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
O Ethics statement
O Participant cohorts
o METHOD DETAILS
O Reagents
O Sample collection
O Biomarker quantification
O Blood fibrosis test
O Development and validation of the salivary biomarker score
o QUANTIFICATION AND STATISTICAL ANALYSIS

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/].isci.2023.107015.

ACKNOWLEDGMENTS

CPis currently receiving funding from the National Health and Medical Research Council (APP 2002576 and
APP 2012560), National Institute of Health, Gallipoli Medical Research Foundation, Garnett Passe and Rod-
ney Williams Foundation, Cancer Australia (APP1145657), and the Royal Brisbane and Women's Hospital
Foundation.

AUTHOR CONTRIBUTIONS

Conception and design: DC, CP; Development of methodology: LTFL, DC, XZ, CP; Acquisition of data:
LTFL; Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis):
LTFL, XZ, DC, CP, DB; Drafting manuscript: LTFL, DC; Revision of the manuscript: CP, DC, DB, XZ, KB;
Administrative, technical, or material support: DC, CP, KB; Study supervision: CP, DC. All authors read
and approved the final manuscript.

DECLARATION OF INTERESTS

Some of the authors are inventors on a provisional patent application that has been filed to the Australian
Patent Office (reference 2022901434). The authors have no relevant financial or non-financial interests to

iScience

disclose.

INCLUSION AND DIVERSITY

We support inclusive, diverse, and equitable conduct of research.

Received: February 6, 2023
Revised: April 14, 2023
Accepted: May 29, 2023
Published: June 5, 2023

REFERENCES

1.

10

Kisseleva, T., and Brenner, D. (2021).
Molecular and cellular mechanisms of liver
fibrosis and its regression. Nat. Rev.
Gastroenterol. Hepatol. 18, 151-166. https://
doi.org/10.1038/s41575-020-00372-7.

. Bernardi, M., and Caraceni, P. (2018). Novel

perspectives in the management of
decompensated cirrhosis. Nat. Rev.
Gastroenterol. Hepatol. 15, 753-764.

. Sung, H., Ferlay, J., Siegel, R.L., Laversanne,

M., Soerjomataram, |., Jemal, A., and Bray, F.
(2021). Global cancer statistics 2020:
GLOBOCAN estimates of incidence and

iScience 26, 107015, July 21, 2023

mortality worldwide for 36 cancers in 185
countries. CA. Cancer J. Clin. 71, 209-249.

. Friedrich-Rust, M., Poynard, T., and Castera,

L. (2016). Critical comparison of elastography
methods to assess chronic liver disease. Nat.
Rev. Gastroenterol. Hepatol. 13, 402-411.
https://doi.org/10.1038/nrgastro.2016.86.

. Roehlen, N., Crouchet, E., and Baumert, T.F.

(2020). Liver fibrosis: mechanistic concepts
and therapeutic perspectives. Cells 9, 875.
https://doi.org/10.3390/cells9040875.

. Rockey, D.C., Caldwell, S.H., Goodman, Z.D.,

Nelson, R.C., and Smith, A.D.; American

Association for the Study of Liver Diseases
(2009). Liver biopsy. Hepatology 49,
1017-1044.

. Heyens, L.J.M., Busschots, D., Koek, G.H.,

Robaeys, G., and Francque, S. (2021). Liver
fibrosis in non-alcoholic fatty liver disease:
from liver biopsy to non-invasive biomarkers
in diagnosis and treatment. Front. Med. 8,
615978.

. Castera, L., Friedrich-Rust, M., and Loomba,

R. (2019). Noninvasive assessment of liver

disease in patients with nonalcoholic fatty
liver disease. Gastroenterology 156, 1264—
1281.e4.



iScience

. Francque, S., Lanthier, N., Verbeke, L.,

Reynaert, H., Van Steenkiste, C., Vonghia, L.,
Kwanten, W.J., Weyler, J., Trépo, E.,
Cassiman, D., et al. (2018). The Belgian
Association for Study of the Liver guidance
document on the management of adult and
paediatric non-alcoholic fatty liver disease.
Acta Gastroenterol. Belg. 81, 55-81.

. Xiao, G., Zhu, S., Xiao, X., Yan, L., Yang, J.,

and Wu, G. (2017). Comparison of laboratory
tests, ultrasound, or magnetic resonance
elastography to detect fibrosis in patients
with nonalcoholic fatty liver disease: a
meta-analysis. Hepatology 66, 1486-1501.

. Lichtinghagen, R., Pietsch, D., Bantel, H.,

Manns, M.P., Brand, K., and Bahr, M.J. (2013).
The Enhanced Liver Fibrosis (ELF) score:
normal values, influence factors and
proposed cut-off values. J. Hepatol. 59,
236-242. https://doi.org/10.1016/j.jhep.2013.
03.016.

. Mayo, M.J., Parkes, J., Adams-Huet, B.,

Combes, B., Mills, A.S., Markin, R.S., Rubin,
R., Wheeler, D., Contos, M., West, A.B., et al.
(2008). Prediction of clinical outcomes in
primary biliary cirrhosis by serum enhanced
liver fibrosis assay. Hepatology 48,
1549-1557.

. Zhang, X., Kulasinghe, A., Karim, R.S., and

Punyadeera, C. (2015). Saliva diagnostics for
oral diseases. In Advances in salivary
diagnostics (Springer), pp. 131-156.

. Ovchinnikov, D.A., Wan, Y., Coman, W.B.,

Pandit, P., Cooper-White, J.J., Herman, J.G.,
and Punyadeera, C. (2014). DNA methylation
at the novel CpG sites in the promoter of
MED15/PCQAP gene as a biomarker for head
and neck cancers. Biomark. Insights 9.

. Wan, Y., Vagenas, D., Salazar, C., Kenny, L.,

Perry, C., Calvopifia, D., and Punyadeera, C.
(2017). Salivary miRNA panel to detect HPV-
positive and HPV-negative head and neck
cancer patients. Oncotarget 8, 99990—
100001.

. Xu, Y., Bailey, U.M., Punyadeera, C., and

Schulz, B.L. (2014). Identification of salivary
N-glycoproteins and measurement of
glycosylation site occupancy by boronate
glycoprotein enrichment and liquid
chromatography/electrospray ionization
tandem mass spectrometry. Rapid Commun.
Mass Spectrom. 28, 471-482.

. Liyanage, C., Wathupola, A., Muraleetharan,

S., Perera, K., Punyadeera, C., and Udagama,
P. (2019). Promoter hypermethylation of
tumor-suppressor genes p16INK4a,
RASSF1A, TIMP3, and PCQAP/MED15 in
salivary DNA as a quadruple biomarker panel
for early detection of oral and oropharyngeal
cancers. Biomolecules 9, 148.

. Pfaffe, T., Cooper-White, J., Beyerlein, P.,

Kostner, K., and Punyadeera, C. (2011).
Diagnostic potential of saliva: current state
and future applications. Clin. Chem. 57,
675-687. https://doi.org/10.1373/clinchem.
2010.153767.

. Zhang, X., Wan, Y., Chata, R., Brazzale, A,,

Atherton, J.J., Kostner, K., Dimeski, G., and
Punyadeera, C. (2016). A pilot study to

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

demonstrate diagnostic potential of
galectin-3 levels in saliva. J. Clin. Pathol. 69,
1100-1104.

Banavar, G., Ogundijo, O., Toma, R.,
Rajagopal, S., Lim, Y., Tang, K.D., Camacho,
F., Torres, P., Gline, S., and Parks, M. (2021).
The Salivary Metatranscriptome as an
Accurate Diagnostic Indicator of Oral Cancer.

. Punyadeera, C., and Slowey, P.D. (2019).

Saliva as an emerging biofluid for clinical
diagnosis and applications of MEMS/NEMS
in salivary diagnostics. In Nanobiomaterials in
clinical dentistry (Elsevier), pp. 543-565.

Tang, K.D., Baeten, K., Kenny, L., Frazer, I.H.,
Scheper, G., and Punyadeera, C. (2019).
Unlocking the potential of saliva-based test
to detect HPV-16-driven oropharyngeal
cancer. Cancers 11, 473.

Zhang, X., Walsh, T., Atherton, J.J., Kostner,
K., Schulz, B., and Punyadeera, C. (2017).
Identification and validation of a salivary
protein panel to detect heart failure early.
Theranostics 7, 4350-4358. https://doi.org/
10.7150/thno.21727.

Foo, J.Y.Y., Wan, Y., Schulz, B.L., Kostner, K.,
Atherton, J., Cooper-White, J., Dimeski, G.,
and Punyadeera, C. (2013). Circulating
fragments of N-terminal pro-B-type
natriuretic peptides in plasma of heart failure
patients. Clin. Chem. 59, 1523-1531.

Aitken, J.P., Ortiz, C., Morales-Bozo, I., Rojas-
Alcayaga, G., Baeza, M., Beltran, C., and
Escobar, A. (2015). a-2-macroglobulin in
saliva is associated with glycemic control in
patients with type 2 diabetes mellitus. Dis.
Markers 2015, 128653.

Drop, B., Strycharz-Dudziak, M., Kliszczewska,
E., and Polz-Dacewicz, M. (2017). Coinfection
with epstein-barr virus (EBV), human
papilloma virus (HPV) and polyoma BK virus
(BKPyV) in laryngeal, oropharyngeal and oral
cavity cancer. Int. J. Mol. Sci. 18, 2752.

Sun, C.X,, Bennett, N., Tran, P., Tang, K.D.,
Lim, Y., Frazer, |., Samaranayake, L., and
Punyadeera, C. (2017). A pilot study into the
association between oral health status and
human papillomavirus—16 infection.
Diagnostics 7, 11.

Assad, D.X., Mascarenhas, E.C.P.,
Normando, A.G.C., Chardin, H., Barra, G.B.,
Pratesi, R., Nébrega, Y.K.d.M., Acevedo,
A.C., and Guerra, E.N.S. (2020). Correlation
between salivary and serum CA15-3
concentrations in patients with breast cancer.
Mol. Clin. Oncol. 13, 155-161. https://doi.
org/10.3892/mco.2020.2062.

Brooks, M.N., Wang, J., Li, Y., Zhang, R.,
Elashoff, D., and Wong, D.T. (2008). Salivary
protein factors are elevated in breast cancer
patients. Mol. Med. Rep. 1, 375-378.

Ding, F., Sun, K., Sun, N., Jiang, Q., Cao, M.,
and Wu, Z. (2019). iTRAQ-based proteomics
reveals SOD2 as a potential salivary
biomarker in liver cancer. Int. J. Biol. Markers
34, 221-231. https://doi.org/10.1177/
1724600819841619.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

¢? CellPress

OPEN ACCESS

Rathnayake, N., Akerman, S., Klinge, B.,
Lundegren, N., Jansson, H., Tryselius, Y.,
Sorsa, T., and Gustafsson, A. (2013). Salivary
biomarkers for detection of systemic
diseases. PLoS One 8, 61356. https://doi.
org/10.1371/journal.pone.0061356.

Wu, Z.-Z., Wang, J.-G., and Zhang, X.-L.
(2009). Diagnostic model of saliva protein
finger print analysis of patients with gastric
cancer. World J. Gastroenterol. 15, 865-870.

Xiao, H., Zhang, L., Zhou, H., Lee, J.M., Garon,
E.B., and Wong, D.T.W. (2012). Proteomic
analysis of human saliva from lung cancer
patients using two-dimensional difference
gel electrophoresis and mass spectrometry.
Mol. Cell. Proteomics 11. M111.012112.
https://doi.org/10.1074/mcp.M111.012112.

Idkaidek, N., Qawasmi, H., Hanahen, A.,
Abugatouseh, L., Hamadi, S., and Bustami, M.
(2020). Applicability of saliva for evaluation of
some biochemical parameters of kidney and
liver function in healthy individuals. Med. Lab.
J. 14, 1-6. https://doi.org/10.29252/mlj.14.
4.1.

Hershberger, C.E., Rodarte, A.l., Siddiqi, S.,
Moro, A., Acevedo-Moreno, L.A., Brown,
J.M., Allende, D.S., Aucejo, F., and Rotroff,
D.M. (2021). Salivary metabolites are
promising non-invasive biomarkers of
hepatocellular carcinoma and chronic liver
disease. Liver Cancer Int. 2, 33-44.

Asrani, S.K., Devarbhavi, H., Eaton, J., and
Kamath, P.S. (2019). Burden of liver diseases
in the world. J. Hepatol. 70, 151-171. https://
doi.org/10.1016/j.jhep.2018.09.014.

D’'Amico, G., Garcia-Tsao, G., and Pagliaro, L.
(2006). Natural history and prognostic

indicators of survival in cirrhosis: a systematic
review of 118 studies. J. Hepatol. 44, 217-231.

Huang, D.Q., El-Serag, H.B., and Loomba, R.
(2021). Global epidemiology of NAFLD-
related HCC: trends, predictions, risk factors
and prevention. Nat. Rev. Gastroenterol.
Hepatol. 18, 223-238. https://doi.org/10.
1038/s41575-020-00381-6.

Bertot, L.C., Jeffrey, G.P., Wallace, M.,
MacQuillan, G., Garas, G., Ching, H.L., and
Adams, L.A. (2017). Nonalcoholic fatty liver
disease-related cirrhosis is commonly
unrecognized and associated with
hepatocellular carcinoma. Hepatol.
Commun. 1, 53-60. https://doi.org/10.1002/
hep4.1018.

Glenister, K.M., Bourke, L., Bolitho, L., Wright,
S., Roberts, S., Kemp, W., Rhode, L., Bhat, R.,
Tremper, S., Magliano, D.J., et al. (2018).
Longitudinal study of health, disease and
access to care in rural Victoria: the
Crossroads-II study: methods. BMC Publ.
Health 18, 670-710.

Roberts, S.K., Majeed, A., Glenister, K.,
Magliano, D., Lubel, J.S., Bourke, L.,
Simmons, D., and Kemp, W.W. (2021).
Prevalence of non-alcoholic fatty liver disease
in regional Victoria: a prospective
population-based study. Med. J. Aust.

215, 77-82.

iScience 26, 107015, July 21, 2023 11



¢? CellPress

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

12

OPEN ACCESS

Xie, Q., Zhou, X., Huang, P., Wei, J., Wang,
W., and Zheng, S. (2014). The performance of
enhanced liver fibrosis (ELF) test for the
staging of liver fibrosis: a meta-analysis. PLoS
One 9, €92772.

Huang, Y., Adams, L.A., Joseph, J., Bulsara,
M.K., and Jeffrey, G.P. (2017). The ability of
Hepascore to predict liver fibrosis in chronic
liver disease: a meta-analysis. Liver Int. 37,
121-131.

Pogrel, M.A., Low, M.A,, and Stern, R. (2003).
Hyaluronan (hyaluronic acid) and its
regulation in human saliva by hyaluronidase
and its inhibitors. J. Oral Sci. 45, 85-91.

Orasan, O.H., Ciulei, G., Cozma, A., Sava, M.,
and Dumitrascu, D.L. (2016). Hyaluronic acid
as a biomarker of fibrosis in chronic liver
diseases of different etiologies. Clujul Med.
89, 24-31.

Crawford, D.H.G., Murphy, T.L., Ramm, L.E.,
Fletcher, L.M., Clouston, A.D., Anderson,
G.J., Subramaniam, V.N., Powell, LW., and
Ramm, G.A. (2009). Serum hyaluronic acid
with serum ferritin accurately predicts
cirrhosis and reduces the need for liver biopsy
in C282Y hemochromatosis. Hepatology 49,
418-425.

Nie, Q.-H., Zhang, Y.-F., Xie, Y.-M., Luo, X.-D.,
Shao, B., Li, J., and Zhou, Y.-X. (2006).
Correlation between TIMP-1 expression and
liver fibrosis in two rat liver fibrosis models.
World J. Gastroenterol. 12, 3044-3049.

Naveau, S., Poynard, T., Benattar, C.,
Bedossa, P., and Chaput, J.-C. (1994). Alpha-
2-macroglobulin and hepatic fibrosis. Dig.
Dis. Sci. 39, 2426-2432.

Chrostek, L., and Panasiuk, A. (2014). Liver
fibrosis markers in alcoholic liver disease.
World J. Gastroenterol. 20, 8018-8023.

Gursoy, UK., Kénénen, E., Pradhan-Palikhe,
P., Tervahartiala, T., Pussinen, P.J.,
Suominen-Taipale, L., and Sorsa, T. (2010).
Salivary MMP-8, TIMP-1, and ICTP as markers
of advanced periodontitis. J. Clin.
Periodontol. 37, 487-493.

Chung, T.J., Hsu, K.Y., Chen, J.H., Liu, J.S.,
Chang, HW., Li, P.F., Huang, C.L., Shieh, Y.S.,

iScience 26, 107015, July 21, 2023

52.

53.

54.

55.

56.

57.

58.

59.

and Lee, C.H. (2016). Association of salivary
alpha 2-macroglobulin levels and clinical
characteristics in type 2 diabetes. J. Diabetes
Investig. 7, 190-196.

Higuchi, Y., Ansai, T., Awano, S., Soh, .,
Yoshida, A., Hamasaki, T., Kakinoki, Y., and
Takehara, T. (2009). Salivary levels of
hyaluronic acid in female patients with dry
mouth compared with age-matched controls:
a pilot study. Biomed. Res. 30, 63-68.

Franco-Martinez, L., and Castillo-Felipe, C.
(2020). Saliva as a non-invasive sample: pros
and cons. In Saliva in Health and Disease: The
Present and Future of a Unique Sample for
Diagnosis, A. Tvarijonaviciute, S. Martinez-
Subiela, P. Lépez-Jornet, and E. Lamy, eds.
(Springer International Publishing),

pp. 49-65. https://doi.org/10.1007/978-3-
030-37681-9_3.

Yoshizawa, J.M., Schafer, C.A., Schafer, J.J.,
Farrell, J.J., Paster, B.J., and Wong, D.T.W.
(2013). Salivary biomarkers: toward future
clinical and diagnostic utilities. Clin.
Microbiol. Rev. 26, 781-791.

Ross, K.H., Patzer, R.E., Goldberg, D.,
Osborne, N.H., and Lynch, R.J. (2019).
Rural-urban differences in in-hospital
mortality among admissions for end-stage
liver disease in the United States. Liver
Transplant. 25, 1321-1332.

Gréschl, M., Kaéhler, H., Topf, H.-G.,
Rupprecht, T., and Rauh, M. (2008).
Evaluation of saliva collection devices for the
analysis of steroids, peptides and therapeutic
drugs. J. Pharm. Biomed. Anal. 47, 478-486.

Khan, R.S., Khurshid, Z., and Yahya Ibrahim
Asiri, F. (2017). Advancing point-of-care (PoC)
testing using human saliva as liquid biopsy.
Diagnostics 7, 39.

Heyens, L.J.M., Busschots, D., Koek, G.H.,
Robaeys, G., and Francque, S. (2021). Liver
fibrosis in non-alcoholic fatty liver disease:
from liver biopsy to non-invasive biomarkers
in diagnosis and treatment. Front. Med. 8,
615978.

Afdhal, N.H. (2012). Fibroscan (transient
elastography) for the measurement of liver
fibrosis. Gastroenterol. Hepatol. 8, 605-607.

60.

61.

62.

63.

64.

65.

66.

67.

iScience

Lucidarme, D., Foucher, J., Le Bail, B.,
Vergniol, J., Castera, L., Duburque, C., Forzy,
G., Filoche, B., Couzigou, P., and de
Lédinghen, V. (2009). Factors of accuracy of
transient elastography (fibroscan) for the
diagnosis of liver fibrosis in chronic hepatitis
C. Hepatology 49, 1083-1089.

Castera, L., Forns, X., and Alberti, A. (2008).
Non-invasive evaluation of liver fibrosis using
transient elastography. J. Hepatol. 48,
835-847. https://doi.org/10.1016/.jhep.2008.
02.008.

Navazesh, M. (1993). Methods for collecting
saliva. Ann. N. Y. Acad. Sci. 694, 72-77.
https://doi.org/10.1111/}.1749-6632.1993.
tb18343.x.

Adams, L.A., Bulsara, M., Rossi, E., DeBoer,
B., Speers, D., George, J., Kench, J., Farrell,
G., McCaughan, G.W., and Jeffrey, G.P.
(2005). Hepascore: an accurate validated
predictor of liver fibrosis in chronic hepatitis C
infection. Clin. Chem. 57, 1867-1873. https://
doi.org/10.1373/clinchem.2005.048389.

Parkes, J., Guha, I.N., Roderick, P., Harris, S.,
Cross, R., Manos, M.M., Irving, W., Zaitoun,

A., Wheatley, M., Ryder, S., and Rosenberg,

W. (2011). Enhanced Liver Fibrosis (ELF) test
accurately identifies liver fibrosis in patients

with chronic hepatitis C. J. Viral Hepat.

18, 23-31.

Wai, C.-T., Greenson, J.K., Fontana, R.J.,
Kalbfleisch, J.D., Marrero, J.A., Conjeevaram,
H.S., and Lok, A.S.-F. (2003). A simple
noninvasive index can predict both significant
fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology 38, 518-526.

Sterling, R.K., Lissen, E., Clumeck, N., Sola, R.,
Correa, M.C., Montaner, J., S Sulkowski, M.,
Torriani, F.J., Dieterich, D.T., Thomas, D.L.,
et al. (2006). Development of a simple
noninvasive index to predict significant
fibrosis in patients with HIV/HCV coinfection.
Hepatology 43, 1317-1325.

Youden, W.J. (1950). Index for rating
diagnostic tests. Cancer 3, 32-35.



iScience

¢? CellPress

OPEN ACCESS

STARXMETHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Biological samples
Saliva Samples Saliva and Liquid Biopsy Translational N/A
Laboratory biobank, Griffith University,
Australia
Chemicals, peptides, and recombinant proteins
TMB Substrate Solution Thermo Fisher Scientific cat#:N301
TWEEN 20 Merck cat#: P9416
Critical commercial assays
Human TIMP-1 DuoSet R&D Systems cat#:DY970

R&D Systems
R&D Systems

Hyaluronan DuoSet

Human alpha-2-macroglobulin DuoSet

Human Procollagen Type Ill N-Terminal MyBioSource
Propeptide ELISA kit

Bilirubin Assay Kit Abcam
Gamma Glutamyl Transferase (GGT) Assay Kit Abcam

Human TIMP-1 DuoSet R&D Systems

Cat#:DHYALO
Cat#:DY1938
cat#:MBS045955

cat#:ab235627
cat#ab241029
cat#:DY970

Software and algorithms

R Project for Statistical Computing, R The Comprehensive R Archive Network

Bioconductor

https://www.r-project.org/

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by
the lead contact Professor Chamindie Punyadeera (c.punyadeera@griffith.edu.au).

Materials availability
All materials are ' in the STAR Methods key resources table, and there is no new unique reagent in this
study.

All the information and the requests of materials in this paper should be directed to the lead contact:
c.punyadeera@griffith.edu.au.

Data and code availability
All data has been included in main figures and supplementary information. All data reported in the paper
will be shared by the lead contact upon request.

This paper does not report original code.

Any additional information required to reanalyse the data reported in this paper is available from the lead
contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
Ethics statement

The study complies with the 2013 Declaration of Helsinki(36). Human research ethics approval was ob-
tained from the Greenslopes Research and Ethics Committee (approval number: 18/06), Queensland Uni-
versity of Technology (approval number: 2000000690) and The University of Queensland (approval
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number: 2000000690). Patients were recruited from the Greenslopes Private Hospital, Brisbane, Australia.
All patients provided written consent prior to inclusion in the study.

Participant cohorts

Patient samples were collected from patients attending the Queensland Gastroenterology clinic, Green-
slopes Hospital, Brisbane, Australia. The patients were diagnosed with liver disease, liver fibrosis or liver
cirrhosis on the basis of a transient elastography examination. In this study, a total of 135 participants
aged between 50- and 87-years old were recruited (78 male and 57 female). The influence of sex and
age was analysed and results are shown in Table 2.

For the discovery cohort, 10 liver cirrhosis patients (LC), 10 chronic liver disease patients without fibrosis
(LD), 10 patients with intermediate degrees of fibrosis (IF), and 10 healthy controls (HC) were recruited. Liver
fibrosis and/or cirrhosis were assessed using transient elastography (TE, FibroScan 502®, Echosens,
France) by a trained operator. To obtain a liver stiffness measurement (LSM), a probe was placed in the
intercostal space over the right hepatic lobe of the patient. Patients were fasting for three hours before
the examination. LSM results with at least 10 valid readings and an interquartile range (IQR) of less than
30% of the median LSM value were required for inclusion in the study.®” The absence of fibrosis in the
healthy and LD cohorts was designated by a LSM < 7.0 kPa, and liver cirrhosis was designated by an
LSM > 14.0 kPa.®" Patients with LSM values between 7.0 kPa and 13.0 kPa were classified as having an in-
termediate degree of hepatic fibrosis.

The validation cohort was composed of 95 individuals, classified as: 14 healthy controls (HC), 40 patients
with non-fibrotic liver conditions (LD), 10 patients with intermediate fibrosis (IF) and 31 patients with liver
cirrhosis (LC).

METHOD DETAILS

Reagents

The following commercially available ELISA kits were used for biomarker quantification: Human TIMP-1
DuoSet (R&D Systems, Minneapolis, MN, USA, cat#:DY970); Hyaluronan DuoSet (R&D Systems, Minneap-
olis, MN, USA Cat#:DHYALQ); Human alpha-2-macroglobulin (R&D Systems, Minneapolis, MN, USA
Cat#:DY1938); Human Procollagen Type Il N-Terminal Propeptide (MyBioSource, San Diego, CA, USA,
cat#:MBS045955). Total bilirubin and GGT were quantified using colorimetric assays (Bilirubin Assay Kit,
Abcam, Cambridge, UK, cat#:ab235627; Gamma Glutamyl Transferase (GGT) Assay Kit, Abcam, Cam-
bridge, UK, cat#ab241029).

Sample collection

Blood samples were collected using SST tubes (Greiner VACUETTE®), allowed to sit for 30 minutes at room
temperature allowing it to clot, and centrifuged at 500 x g for 15 minutes at 4°C. Serum was immediately
separated and aliquots were kept at -80°C until analysis. For the collection of saliva, participants were
asked to refrain from eating and drinking (except water) for two hours. Unstimulated saliva samples
were collected using the drool method.®” In brief, patients were asked to sit in an upright position, lean
forward to pool the saliva in the front of their mouth, and expectorate into a 50 mL tube kept on ice. To
minimize sample contamination from food, volunteers were asked to rinse their mouths with water prior
to collection. Samples were placed on ice, transported to the laboratory, and stored at -80°C.

Biomarker quantification

Using paired serum and saliva samples, six biomarkers indicate of liver fibrosis/cirrhosis were measured:
hyaluronic acid (HA), tissue inhibitor of metalloproteinase 1 (TIMP-1), procollagen Ill amino-terminal pro-
peptide (P3NP), y-glutamyl transferase (GGT), total bilirubin, and a-2-macroglobulin (A2MG). These bio-
markers were selected because they form part of currently in use two liver cirrhosis scoring systems, the
Enhanced Liver Fibrosis (ELF) score and Hepascore.“'64

The following commercially available ELISA kits were used to quantify the biomarkers concentration in
blood and saliva samples: Human TIMP-1 DuoSet (R&D Systems, Minneapolis, MN, USA, cat#:DY970); Hy-
aluronan DuoSet (R&D Systems, Minneapolis, MN, USA Cat#:DHYALQ); Human alpha-2-macroglobulin
(R&D Systems, Minneapolis, MN, USA Cat#:DY1938); Human Procollagen Type Il N-Terminal Propeptide
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(MyBioSource, San Diego, CA, USA, cat#:MBS045955). Total bilirubin and GGT were quantified using color-
imetric assays (Bilirubin Assay Kit, Abcam, Cambridge, UK, cat#:ab235627, Gamma Glutamyl Transferase
(GGT) Assay Kit, Abcam, Cambridge, UK, cat#ab241029).

ELISA was conducted according to the manual instructions. Briefly, 100 pL of capture antibody were added
to a 96-well microplate and incubated at 4°C for 16 hours. Blocking was performed with an incubation with
5% BSA for 1 hour at room temperature, followed by five washes with 350 uL of a 0.1% Tween 20 solution.
A serial dilution of standards, samples and blank were added to the pre-coated microplates, incubated for
2 hours at room and washed five times. Biotinylated detection antibody was added to the wells (100 uL) and
the plate was sealed and incubated for 2 hours at room temperature. HRP-streptavidin beads were 40-fold
diluted, added to the wells and incubated for 20 minutes. HRP reaction was developed using 100 pL of TMB
substrate (Thermo Fisher Scientific, cat#:N301) for 15 minutes, followed by stop solution.

Blood fibrosis test

The Enhanced Liver Fibrosis (ELF) score was calculated based on the algorithm proposed by Parkes et al.**
The Hepascore values were obtained using the logistic regression model proposed by Adams et al.** The
fibrosis-4 (FIB-4) and the AST-to-platelet ratio index (APRI) were determined using the patients laboratory
measurements. Briefly, FIB-4 was calculated using the formula: age ([yr] x AST [U/L]) / (PLT [10(9)/L]) x (ALT
[U/L]D(1/2)) and the APRI was generated using [(AST/upper limit of the normal AST range) X 100]/Platelet
Count.®>%¢

Development and validation of the salivary biomarker score

The diagnostic accuracy of the biomarkers was evaluated using receiver operating characteristic (ROC)
curve analysis. A logistic regression predictive model was applied to the three biomarkers with the highest
area under the curve (AUROC) to calculate an individual score for each patient. This model, referred to as
Saliva Liver Fibrosis (SALF) score, was then validated using an independent cohort of patients with different
degrees of liver fibrosis (n=95). The optimal cut-off values were determined based on the highest Youn-
den’s index.®’

QUANTIFICATION AND STATISTICAL ANALYSIS

The software GraphPad Prism 9 version (GraphPad Software Inc., La Jolla, CA, USA) and R (R Development
Core Team, Vienna, Austria) were used for statistical analysis. The diagnostic performance of the bio-
markers to predict liver cirrhosis was assessed using receiver-operating characteristic (ROC) curve analysis.
Continuous variables were tested for normality using the Shapiro-Wilk normality test. Kruskal-Wallis test
was performed on data with non-normal distribution to compare values between multiple groups. One-
way ANOVA was performed for group comparison in data with a normal distribution. GraphPad was
used to generate standard curves for the ELISA assays by plotting the absorbance in the y-axis and concen-
tration of the analyte in the x-axis. The concentration of the analyte in the samples was deduced from the
standard curve using a nonlinear regression equation. Biomarker concentration is expressed as mean +
SD. Correlation studies were executed using Spearman’s correlation test.
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