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1 | INTRODUCTION

Translation of biomarkers of neuropathology from cerebrospinal fluid

(CSF) to plasma holds great promise for improving diagnosis and facil-

Lawren VandeVrede MD, PhD?

Abstract

Introduction: The impact of hepatorenal function on plasma biomarkers of neu-
ropathology is unknown. Herein, we measured several plasma biomarkers in patients
with cirrhosis.

Methods: Plasma phosphorylated tau (p-tau181), neurofilament light chain (NfL), glial
fibrillary acidic protein (GFAP), total tau (t-tau), and ubiquitin carboxyl-terminal hydro-
lase L1 (UCHL1) were measured in 135 adults with cirrhosis and 22 healthy controls
using Simoa. Within cirrhosis, associations between biomarkers and hepatorenal func-
tion were explored using linear regression.

Results: p-tau181, NfL, t-tau, and UCHL1 were increased 2- to 4-fold in cirrhosis,
whereas GFAP was not increased. Within cirrhosis, creatinine moderately correlated
with p-tau181(8=0.75,P <.01),NfL (8=0.32, P <.01),and t-tau (8=0.31, P <.01), but
not GFAP (3=-0.01, P =.88) or UCHL1 (8 = -0.05, P = .60), whereas albumin showed
weak, inverse correlations: p-tau181 (3= -0.18, P < .01), NfL (3= -0.22, P < .01), GFAP
(8=-0.17,P < .05), t-tau (8= -0.20, P=.02),and UCHL1 (3= -0.15, P =.09).
Conclusions: Elevated p-tau181, NfL, and t-tau in cirrhosis were associated with
renal impairment and hypoalbuminemia, suggesting that hepatorenal function may be

important when interpreting plasma biomarkers of neuropathology.

KEYWORDS
Alzheimer’s, dementia, cirrhosis, liver disease, neurodegeneration, plasma biomarkers

itating clinical trials in a host of neurodegenerative diseases, partic-
ularly Alzheimer’s disease (AD).! Several CSF biomarkers have been
successfully translated into plasma-based assays, including phospho-

rylated tau (p-tau181), neurofilament light chain (NfL), glial fibrillary
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acidic protein (GFAP), total tau (t-tau), and ubiquitin carboxyl-terminal
hydrolase L1 (UCHL1).

Plasma p-tau181 is specific for AD neuropathology and increased
3-fold in AD.23 NfL is a cytoskeletal protein that is elevated non-
specifically after neuronal injury in many diseases.* GFAP, a marker
for astrogliosis associated with neuroinflammation, may be an early
marker for patients who are at risk of neurodegenerative decline.”
Finally, variable changes in plasma t-tau and UCHL1 concentrations
have been reported in both acute and chronic neurologic injury.®” We
selected these biomarkers as a diverse representation of neuropathol-
ogy, with several approaching clinical use.

The relationship between peripheral plasma concentrations of
these biomarkers and hepatorenal function is not well-characterized;
yet understanding these factors has been recognized as critical for suc-
cessful advancement of these assays into clinic use.8 In addition, recent
work has shown plasma NfL and t-tau can be elevated in the setting

of renal dysfunction,8-1°

supporting our hypothesis that hepatorenal
function may be important in interpreting these plasma biomarkers.

In this exploratory study, we examined the relationship between
plasma biomarkers of neuropathology and several markers of hepa-

torenal function, using cirrhosis as a model of multi-organ impairment.

2 | METHODS

Participants with cirrhosis (N = 135) were chosen from the Func-
tional Assessment in Liver Transplantation (FrAILT) study, and age- and
sex-matched healthy controls (N = 22) were selected from the Hill-
blom Healthy Aging study (see Supplementary Methods). A replication
cohort of non-matched controls was used to confirm the findings (N =
96). Within cirrhosis, a convenience sample of plasma specimens from
two cohorts was selected: non-alcoholic fatty liver disease (NAFLD, N
= 99) and autoimmune hepatitis (AIH, N = 36). These two cohorts were
chosen because of differences in etiology, with NAFLD more likely to
have vascular risk factors that lead to renal impairment.

Within the FrAILT cohort, examination included frailty testing (Liver
Frailty Index [LFI]: http://liverfrailtyindex.ucsf.edu).'* Number Con-
nection Test (NCT), a modified version of the Trail-Making Test (TMT)
A, measured hepatic encephalopathy (HE) severity.'2 Montreal Cogni-
tive Assessment (MoCA) was available for a subset of cirrhosis (N = 48)
and all control participants. Laboratory data were collected within 3
months of evaluation. Plasma specimens were collected and processed
as described previously,® with pre-analytic variability between projects
detailed in the Supplementary Methods. Participants provided written
informed consent, and plasma samples were de-identified.

Biomarker concentrations were measured using Quanterix kits on
the Simoa HD-X platform (Supplementary Methods). Summary statis-
tics utilized Mann-Whitney U test, chi-square, and two-sample t-tests.
Linear regression estimated the strength of associations between the
variables of interest and plasma biomarker concentrations (standard-
ized p). Clinical measures were included based on prior evidence of
association (age, sex, body mass index [BMI]), relationship to renal

impairment (hypertension, diabetes), cirrhosis severity (components

RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the literature
using traditional sources, for example, PubMed. Several
cerebrospinal fluid (CSF) biomarkers of neuropathology
are now detectable in plasma, holding great promise for
improving clinical practice. However, several recent pub-
lications describe non-neurologic factors that influence
plasma biomarker concentrations. The role of important
drivers of peripheral physiology, however, including hep-
atic and renal function, has not been comprehensively
examined.

2. Interpretation: Our findings suggest that hepatic and
renal function affect concentrations of several plasma
biomarkers of neuropathology, and that these factors
must be considered when clinically interpreting the
results.

3. Future Directions: These results need to be replicated
in a neurodegenerative population, especially patients
with chronic kidney disease or hypoalbuminemia. Further
studies in the cirrhosis cohort will be directed at better
understanding both the neurologic and non-neurologic
drivers of biomarker change in this population.

of Model for End-Stage Liver Disease-sodium [MELDNal), or seque-
lae that may affect biomarker distribution or reflect neurologic injury
(ascites, LFI, NCT).

3 | RESULTS

3.1 | Clinical characteristics

Participants with cirrhosis and controls were well matched on age
and sex, whereas more controls were non-Hispanic White (Table 1).
Mean MELDNa in cirrhosis was 16 (SD 4), consistent with a transplant-
eligible stage of disease. Compared to AlH, NAFLD participants were
older, had higher BMI, and had increased prevalence of hypertension
and diabetes, consistent with known association with vascular risk fac-
tors. NAFLD also had worse renal function, lower total bilirubin, and
more HE compared to AlH.

3.2 | Plasma biomarker concentrations in cirrhosis
versus Controls

Compared to controls, mean biomarker concentrations for p-tau181,
NfL, t-tau, and UCHL1 were 2- to 4-fold higher in cirrhosis; and
p-taul81, NfL, and t-tau were higher in NAFLD compared to AIH

(Figure 1, Table 1). To confirm these findings, a replication data set was
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FIGURE 1 Comparison of plasma concentrations of (A) p-tau181, (B) NfL, (C) GFAP, (D) t-tau, and (E) UCHL1 between cognitively normal
controls and cirrhosis, and between NAFLD and AlH. Note logarithmic y-axis for display

generated for additional healthy controls (N = 96), and although this
cohort was not age or sex matched (Table S1), the same degree of ele-
vation was seen for p-tau181, NfL, t-tau, and UCHL1 (Figure S1).

3.3 | Relationship between plasma biomarkers and
hepatorenal function in cirrhosis

When univariable linear regression was used, creatinine showed
a moderate positive association with three plasma biomarkers: p-
tau181, NfL, and t-tau (Table 1), whereas no association was seen for
GFAP or UCHL1. When stratifying creatinine below (N = 96) or above
(N = 39) the upper limit of normal (ULN, reference range females: 0.55-
1.02 mg/dL, males: 0.73-1.24 mg/dL), the association was weaker in
cirrhosis patients with normal creatinine for p-tau181 (normal Cr [3 =
0.25, P =.02], Cr > ULN [ = 0.86, P < .01]), and present only at crea-
tinine values >ULN for NfL (normal Cr [ =0.17, P =.09],Cr > ULN [
=0.35, P =.03]) and t-tau (normal Cr [ = 0.04, P = .66],Cr > ULN [3 =
0.45,P <.01]).

Albumin showed weak negative associations with all biomarkers,
but UCHL1 did not reach statistical significance (8 =-0.15, P=.09). No
association was seen with sodium, total bilirubin, or international nor-

malized ratio (INR). In addition, p-tau181 was associated with diabetes,

MELDNa, and dialysis; NfL with age, diabetes, stroke, dialysis, NCT, and
LFI; and t-tau with MELDNa, dialysis, and LFI.

4 | DISCUSSION

In this cross-sectional retrospective study, plasma biomarkers of neu-
ropathology were measured in 135 participants with cirrhosis and
compared to 22 age- and sex-matched cognitively normal controls.
Concentrations of p-tau181, NfL, t-tau, and UCHL1 were markedly
elevated, roughly 2- to 4-fold, in comparison to controls, a magni-
tude reported previously in neurodegenerative disease.? These ele-
vations were confirmed in a non-matched replication cohort of con-
trols. Within cirrhosis, three biomarkers were associated with renal
function, especially p-tau181, and to a lesser extent NfL and t-tau, par-
ticularly at creatinine concentrations above the ULN, which is con-
sistent with prior reports,” whereas GFAP and UCHL1 showed no
dependence on renal clearance. Further support was found for an
association with renal function for p-tau181, NfL, and t-tau, as higher
biomarker concentrations were seen in NAFLD, which had higher crea-
tinine compared to AlH. Finally, albumin demonstrated a weak inverse
association with all biomarkers, although UCHL1 was not statistically

significant.
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Our findings complement prior work showing that several non-
neurologic factors such as age, BMI, chronic kidney disease, and
diabetes can differentially impact peripheral levels of plasma
biomarkers.8101314 Using cirrhosis as a model with multi-system
involvement, we add to this work by showing the differential depen-
dence on renal clearance and circulating albumin for five biomarkers,
suggesting that hepatorenal function should be considered, especially
for p-taul81, NfL, and t-tau. Although these findings need replica-
tion, we recommend cautious interpretation of plasma p-taul81
in patients with chronic kidney disease or hypoalbuminemia to
avoid misattributing elevations caused by hepatorenal dysfunction
to AD.

It is notable that no association was found with other measures
of cirrhosis severity, including sodium, total bilirubin, or INR. Specifi-
cally, the lack of relationship to bilirubin or INR suggests that associ-
ations with albumin are not driven by impaired hepatic protein clear-
ance or synthesis, but by albumin-biomarker binding interactions in the
plasma matrix. In addition, although we did not replicate the associa-
tion of NfL and t-tau with BMI,2° patients with cirrhosis have patho-
logic changes in fluid distribution (e.g., ascites), which makes BMI an
unreliable marker of blood volume. Finally, the association of NfL and
t-tau with LFIl, a measure of frailty in cirrhosis, may be explained by
the increased prevalence of peripheral neuropathy in cirrhosis popu-
lations.

Our findings raise important questions about the relationship
between cirrhosis and biomarkers of neuropathology. We have shown
that hepatorenal function can impact these biomarkers, but cirrho-
sis is also known to cause a spectrum of neurologic changes, ranging
from encephalopathy to coma. Although we observed no relationship
to MoCA for any biomarker, MoCA was decreased in cirrhosis com-
pared to controls, suggesting that cognitive changes are present. We
speculate that more comprehensive cognitive testing may reveal asso-
ciations with biomarkers of neuropathology in cirrhosis, perhaps after
controlling for hepatorenal function. We also found that NfL showed a
weak correlation to NCT, a measure of HE severity, hinting at its poten-
tial utility as a marker for HE if peripheral confounds can be controlled.

We acknowledge limitations of our analysis: chiefly, important dif-
ferences in pre-analytic processing (e.g., collection tube) limit the inter-
pretation of differences between controls and cirrhosis, 15 as does lack
of cirrhosis severity labs in controls. An additional uncontrolled con-
found includes lack of fasting. Traditional tools for assessing neurologic
involvement, such as comprehensive cognitive testing, brain imaging,
or CSF studies, were not available in this retrospective cirrhosis cohort,
partly because lumbar puncture is unsafe in this population due to clot-
ting dysfunction. Finally, although replication of several known associa-
tions supports the extrapolation of our results, repeating these studies
in larger studies of healthy controls and neurodegenerative disease is
critical.

Future work could use these biomarkers to probe the extent that cir-
rhosis causes neuropathologic changes, potentially mediated through
vascular changes in the brain or possibly even increased risk of
Alzheimer’s pathology triggered by inflammatory mechanisms, and

prospective studies could include comprehensive cognitive testing and

Disease Monitoring

independent measures of neuropathology, for example, magnetic reso-
nance imaging (MRI) and positron emission tomography (PET).

In conclusion, we found that participants with cirrhosis had higher
concentrations of p-tau181, NfL, t-tau, and UCHL1 compared to con-
trols. Changes were differentially associated with hepatorenal func-
tion, with p-tau181, NfL, and t-tau associating with renal function. Con-
sideration of these factors may be critical for clinical interpretation and
successful translation of these plasma biomarkers into real-world clin-

ical use.
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