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Abstract

Objectives Current blood tests to diagnose feline liver diseases are suboptimal. Serum concentrations of microRNA
(miR)-122 have been shown in humans, dogs and rodents to be a sensitive and specific biomarker for liver injury.
To explore the potential diagnostic utility of measuring serum concentrations of miR-122 in cats, miR-122 was
measured in a cohort of ill, hospitalised cats with known serum alanine aminotransferase (ALT) activity.

Methods In this retrospective study, cats were grouped into those with an ALT activity within the reference interval
(0-83U/l; n=38) and those with an abnormal ALT activity (>84U/I; n=25). Serum concentrations of miR-122 were
measured by real-time quantitative PCR and the relationship between miR-122 and ALT was examined.

Results miR-122 was significantly higher in the group with high ALT activity than the ALT group, within normal
reference limits (P <0.0004). There was also a moderately positive correlation between serum ALT activity and
miR-122 concentrations (P <0.001; r=0.52).

Conclusions and relevance Concentrations of miR-122 were reliably quantified in feline serum and were higher in
a cohort of cats with increased ALT activity than in cats with normal ALT activity. This work highlights the potential
diagnostic utility of miR-122 as a biomarker of liver damage in cats and encourages further investigation to determine
the sensitivity and specificity of miR-122 as a biomarker of hepatocellular injury in this species.
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Introduction
Hepatic disease is an important cause of morbidity and

mortality in cats.! The diagnosis of hepatic disorders in cats
can be challenging, primarily due to non-specific clinical
signs. Initial screening for the presence of hepatic injury
relies on the measurement of liver enzymes such as alanine
aminotransferase (ALT) and aspartate transaminase.!-
In dogs, the measurement of ALT has been shown to have
suboptimal sensitivity and specificity for hepatocellular
damage detection.*? In cats, extrahepatic diseases can fur-
ther complicate diagnosis by causing elevations in liver
enzymes without primary liver disease.®® A definitive
diagnosis typically requires liver biopsy histopathologi-
cal evaluation, a procedure that carries a morbidity and
mortality risk.>!! Consequently, there is a clear need for
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biomarkers that diagnose hepatic disease more accurately
in cats than the current commonly used diagnostic tests.

MicroRNAs (miRNAs) are emerging as potential
serum biomarkers for a wide range of diseases in both
human and veterinary patients.!?!® Their abundance
and stability in biological fluids, in conjunction with
their relative specificity makes them excellent biomarker
candidates.!*16 miR-122 is a completely conserved liver-
specific miRNA in vertebrates and is the most abundant
liver miR.17"1 Released into the circulation on hepatic
damage, circulating miR-122 has been shown to be a sen-
sitive and specific biomarker for liver injury in humans
and dogs.520-22

In humans, serum miR-122 elevation precedes ALT
increase in hepatic injury, making it an earlier biomarker
of disease.?! Vliegenthart et al?® reported in humans with
acetaminophen-induced acute liver injury that miR-122
had better specificity than other current biomarkers
and better predicted the clinical course of disease than
ALT alone.??* Of the few available miR-122 studies in
companion animals, miR-122 has been demonstrated to
increase in dogs with liver disease.?0?52¢ Dirksen et al?
found miR-122 to be more sensitive for the detection of
hepatocellular injury than ALT. More recently, reference
intervals (RIs) for circulating miR-122 in dogs have been
generated.?

To date, increased miR-122 expression in cats has only
been reported in newly diagnosed diabetic cats.?” The
greater than 40-fold miR-122 increase was presumed to be
a result of hepatocyte damage from diabetic ketoacidosis
or hepatic lipidosis.?”28

The diagnostic utility of miR-122 has not been explored
in cats. The aim of this preliminary study was to meas-
ure serum concentrations of miR-122 in a cohort of cats
with an ALT activity level within the RI (0-83U/1; ALTn)
alongside a cohort of cats with increased ALT activity
(>84U/1; ALTh).

Materials and methods

Animals

All cats were enrolled for this study at the Royal (Dick)
School of Veterinary Studies (Edinburgh, UK). Cats pre-
sented to the Hospital for Small Animals for routine vet-
erinary visits or referral. Cats were only included in the
study if ALT measurement was undertaken as part of
the clinical investigation. Any surplus serum was then
retained for miR-122 measurement. Animals were split
into two groups based on ALT measurement: within
the RI (ALT 0-83U/1; ALTn) or greater than the RI (ALT
>84U/1; ALTh). There were 38 cats in the ALTn and 25
cats in the ALTh group. This study was approved by
the University of Edinburgh Veterinary Ethics Research
Committee (97.21).

RNA isolation

Serum was stored at —20°C within 4h of sample col-
lection, then transferred to —80°C for long-term stor-
age.'*? The maximum sample storage time was 380 days
(median 222). miRNA was extracted in two batches using
a miRNeasy Serum/Plasma kit (Qiagen) following the
manufacturer’s guidelines and as per Oosthuyzen et al
and Vliegenthart et al. 2023 Briefly, total RNA was extracted
from 50pl serum diluted in 150 pl nuclease-free water.
RNA was extracted using lysis reagent (1000 pl) and chlo-
roform (200 pl). The RNA was purified on a RNeasy min-
iElute spin column and eluted in 151l RNase-free water
and stored at —80°C. Extraction efficiency was assessed
by adding 6 X 10° copies/ul of synthetic Caenorhabditis
elegans miR-39 spike-in control (Norgen Biotek) after the
addition of lysis reagent.

Reverse transcription and real-time PCR
The miScript II Reverse Transcription kit (Qiagen) was
used to reverse transcribe cDNA from 2.5 ul RNA accord-
ing to manufacturer’s guidelines and as per Oosthuyzen
et al.?0 The synthesised cDNA was diluted and 2ul
diluted cDNA template was used in combination with
the miScript SYBR Green PCR kit (Qiagen) and specific
miScript primer assays for miR-39 and miR-122 (Qiagen).
Real-time quantitative PCR (RT-qPCR) was performed in
duplicate on the Light Cycler 480 (Roche) at the recom-
mended miScript cycling parameters. The miRNA was
quantified as copy per ul by generation of a predeter-
mined standard curve.202

Repeatability was determined by measuring the intra-
assay variability of miR-122 duplicates and expressed
as the coefficient of variation (CV%) of concentration
(copies/pl), as per the MIQE (minimum information for
publication of quantitative real-time PCR) guidelines.3
The intra-assay variability (CV%) was deemed accept-
able as per guidelines reported in previous studies (CV
8.6%).3! Reproducibility was determined by measuring
inter-assay variability across two plates and 2 days by
measuring miR-122 concentrations (copies/pl) of three
reference samples expressed as CV% of concentration
(copies/ul) as per MIQE guidelines across two plates
(CV 3.5%, 3.6% and 1.9%, respectively).* On each plate
a no-enzyme control, omitting the reverse transcriptase
enzyme during reverse transcription, and no template
control omitting the cDNA in the RT-qPCR, were included
in both runs.

Statistical analysis

Statistical analyses were performed using GraphPad
Prism. Mann-Whitney U-test associations were used
to assess time in storage until RNA extraction, age and
weight differences between groups. Breed and sex
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differences between groups were assessed by Fisher’s
exact test. The difference in miR-122 concentration
between the two groups was determined by Mann—
Whitney U-test for copies/pl and quantification cycle
(Cy) values. The relationship between ALT and miR-122
was assessed by Spearman’s rank correlation and simple
linear regression. C values <35 were regarded as posi-
tive amplification signals and >35 regarded as outside
the limit of detection.?! P values <0.05 were considered
to be statistically significant.

Results

Cat characteristics

Serum samples from 63 cats were selected for analysis
based solely on their ALT values and serum availability.
The ALTh group samples were stored at —80°C for longer
than those of the ALTn group from time of sampling until
RNA extraction (P =0.035). The median ALT activity of
the ALTh group was 213 U/1 (range 105-1877) and 46 U/1
(range 20-78) in the ALTn group.

Clinical characteristics, including signalment and
diagnosis, recorded by the case clinicians are summarised
in Table 1. The cats in the ALTh group were significantly
older (median 13 years) than the ALTn group (median
9.5 years; P =0.0098). For cats with weight data avail-
able, those in the ALTn group (n = 30) were significantly
heavier (4.94kg) compared with the ALTh group (n =24
[3.62kg]; P =0.013). There was no significant difference in
sex distribution between the two groups (P = 0.999) and
all cats were neutered.

miR-122 serum concentration

miR-122 was significantly higher in the ALTh group
than the ALTn group (P <0.0004; Figure 1). Median C,
values were also significantly different between groups
(P=0.001). The ALTn group median C; was 35 (range
32.9-35) and the ALTh median C, was 30.9 (range 26.9-
35). In addition, miR-122 concentration had a moderate
positive correlation with ALT activity (P <0.001; r=0.52
[Figure 2]).323

Table 1 Signalment and diagnostic features of cats included in this study based on allocated group

Continuous variables are expressed as median and interquartile range (IQR). Where no number is stated, n=1
ALTn = normal alanine aminotransferase; ALTh = high alanine aminotransferase; FN = female neutered; MN = male neutered; DSH = domestic
shorthair; DLH = domestic longhair; BSH = British Shorthair; CKD = chronic kidney disease; IBD = inflammatory bowel disease; FIP = feline

infectious peritonitis
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Figure 1 Serum microRNA (miR)-122 concentration in
cats with normal or increased alanine aminotransferase
(ALT) serum values. Horizontal black line represents the
median
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Figure 2 Relationship between serum microRNA-122
concentration and alanine aminotransferase (ALT) activity
in 63 cats

Discussion

This preliminary study demonstrated a significant dif-
ference in serum miR-122 concentrations between ALTn
cats and ALTh cats. Similarly to our previous observation
in dogs, there was also a moderate correlation between
increased ALT activity and miR-122 concentration.?

The current work was focused on the assessment
of feline miR-122 in relation to ALT activity. ALT was
selected as the comparator biomarker in this study as
it is considered the gold standard marker for hepatocel-
lular damage, being highly sensitive and reasonably spe-
cific for hepatocellular injury across species.3* Its main
limitations are that increased ALT activity can occur with

non-hepatic injury, creating false positives, and increased
ALT activity does not always correlate with hepatic histo-
pathological findings,?6%3% highlighting the need for new
biomarkers for hepatic disease in companion animals.

Histopathological confirmation of hepatobiliary dis-
ease was only available for one cat, but of the three cats
with a diagnosis of cholangiohepatitis, two had the high-
est miR-122 values (8780.7 and 8070.5 copies/ul). To make
further conclusions on the assessment of miR-122 as a
diagnostic test for feline liver disease, informative studies
should involve measuring both ALT activity and miR-
122 concentration in a greater number of healthy cats,
cats with non-hepatic disorders and those with histologi-
cally confirmed hepatic disease. This should allow robust
miR-122 RIs to be generated, as produced in dogs and
humans.20:%

miRNAs are known to remain stable when stored
for up to 4 years at —20°C or —80°C.14%” Although there
was a significant difference in length of time in storage
between the two groups from sampling to RNA extrac-
tion (P =0.035), the ALTh group was stored for longer
than the ALTn group, suggesting that the higher miR-
122 concentration in the ALTh group is unlikely to be
influenced by differences in storage time. To definitively
prove there is no effect of storage on feline miR-122 before
use in diagnostic assays, degradation studies comparing
fresh and repeat-thawed samples should be conducted,
emulating similar work conducted in humans.!4232

Conclusions

Our study demonstrates that miR-122 expression is
higher in cats with increased ALT activity, indicating that
measurement of miR-122 may have diagnostic potential
in the assessment of feline hepatic disease. Further stud-
ies are needed to examine whether miR-122 has improved
sensitivity and specificity compared with currently avail-
able diagnostic tests for hepatic disease in cats, and to
precisely define its diagnostic utility in this species.

Acknowledgements This work was conducted at the
University of Edinburgh.

Conflict of interest The authors declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding This work was funded in whole by a University of
Edinburgh internal start-up fund grant.

Ethical approval The work described in this manuscript
involved the use of non-experimental (owned or unowned)
animals. Established internationally recognised high stand-
ards (‘best practice’) of veterinary clinical care for the individ-
ual patient were always followed and/or this work involved
the use of cadavers. Ethical approval from a committee was



Armstrong et al

€293

therefore not specifically required for publication in JFMS.
Although not required, where ethical approval was still
obtained, it is stated in the manuscript.

Informed consent Informed consent (verbal or written)
was obtained from the owner or legal custodian of all animal(s)
described in this work (experimental or non-experimental
animals, including cadavers) for all procedure(s) undertaken
(prospective or retrospective studies). No animals or people are
identifiable within this publication, and therefore additional
informed consent for publication was not required.

ORCID iD Susan K Armstrong

https:/ /orcid.org/0000-

0001-5344-827X

References

1

7

10

11

12

13

Ettinger S] and Feldman EC. Textbook of veterinary inter-
nal medicine. 8th ed. St Louis, MO: Elsevier, 2017.
Kundrotas LW and Clement DJ. Serum alanine aminotrans-
ferase (ALT) elevation in asymptomatic US Air Force basic
trainee blood donors. Digest Dis Sci 1993; 38: 2145-2150.
Hasan KMdM, Tamanna N and Haque MdA. Biochemical
and histopathological profiling of Wistar rat treated with
Brassica napus as a supplementary feed. Food Sci Hum
Wellness 2018; 7: 77-82.

Dirksen K, Burgener IA, Rothuizen ], et al. Hepatocyte-
derived microRNAs as sensitive serum biomarkers of
hepatocellular injury in Labrador retrievers. | Vet Intern
Med 2017; 31: 1017-1027.

Eman SR, Kubesy AA, Baraka TA, et al. Evaluation of
hepatocyte-derived microRNA-122 for diagnosis of acute
and chronic hepatitis of dogs. Vet World 2018; 11: 667-673.
Berent AC, Drobatz KJ, Ziemer L, et al. Liver function in
cats with hyperthyroidism before and after 1311 therapy.
J Vet Intern Med 2007; 21: 1217-1223.

Thoday KL and Mooney CT. Historical, clinical and labo-
ratory features of 126 hyperthyroid cats. Vet Rec 1992; 131:
257-264.

Feldman EC, Nelson RW, Rivera Munoz B, et al. Canine
and feline endocrinology and reproduction. 4th ed. Phila-
delphia: Elsevier, 2014.

Bigge LA, Brown DJ and Penninck DG. Correlation
between coagulation profile findings and bleeding com-
plications after ultrasound-guided biopsies: 434 cases
(1993-1996). | Am Anim Hosp Assoc 2001; 37: 228-233.
Pavlick M, Webster CRL and Penninck DG. Bleeding risk
and complications associated with percutaneous ultra-
sound-guided liver biopsy in cats. | Feline Med Surg 2019;
21: 529-536.

Moritz A-K, Kohler C, Fromme V, et al. Complications of
ultrasound-guided liver biopsies in dogs and cats. Tier-
arztl Prax Ausg K Kleintiere Heimtiere 2018; 46: 5-13.
Condrat CE, Thompson DC, Barbu MG, et al. miRNAs
as biomarkers in disease: latest findings regarding their
role in diagnosis and prognosis. Cells 2020; 9: 276. DOI:
10.3390/ cells9020276.

Miretti S, Lecchi C, Ceciliani F, et al. MicroRNAs as bio-
markers for animal health and welfare in livestock. Front
Vet Sci 2020; 7: 985. DOI: 10.3389/ fvets.2020.578193.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Grasedieck S, Scholer N, Bommer M, et al. Impact of serum
storage conditions on microRNA stability. Leukemia 2012;
26: 2414. DOI: 10.1038 /1eu.2012.106.

Wang H, Naghavi M, Allen C, et al. Global, regional, and
national life expectancy, all-cause mortality, and cause-
specific mortality for 249 causes of death, 1980-2015: a sys-
tematic analysis for the Global Burden of Disease Study
2015. Lancet 2016; 388: 1459-1544.

Guo Z, Maki M, Ding R, et al. Genome-wide survey of
tissue-specific microRNA and transcription factor regu-
latory networks in 12 tissues. Sci Rep 2014; 4: 5150. DOL:
10.1038/srep05150.

Wienholds E, Kloosterman WP, Miska E, et al. MicroRNA
expression in zebrafish embryonic development. Science
2005; 309: 310-311.

Lagos-Quintana M, Rauhut R, Yalcin A, et al. Identification
of tissue-specific microRNAs from mouse. Curr Biol 2002;
12: 735-739.

Chang J, Nicolas E, Marks D, et al. miR-122, a mammalian
liver-specific microRNA, is processed from hcr mRNA
and may downregulate the high affinity cationic amino
acid transporter CAT-1. RNA Biol 2004; 1: 106-113.
Oosthuyzen W, Ten Berg PWL, Francis B, et al. Sensitivity
and specificity of microRNA-122 for liver disease in dogs.
J Vet Intern Med 2018; 32: 1637-1644.

Antoine DJ, Dear JW, Lewis PS, et al. Mechanistic biomark-
ers provide early and sensitive detection of acetamino-
phen-induced acute liver injury at first presentation to
hospital. Hepatology 2013; 58: 777-787.

Dear JW and Antoine DJ. Stratification of paracetamol
overdose patients using new toxicity biomarkers: current
candidates and future challenges. Expert Rev Clin Pharma-
col 2014; 7: 181-189.

Vliegenthart ADB, Shaffer JM, Clarke JI, et al. Comprehen-
sive microRNA profiling in acetaminophen toxicity iden-
tifies novel circulating biomarkers for human liver and
kidney injury. Sci Rep 2015; 5: 1-13.

Dear JW, Clarke JI, Francis B, et al. Risk stratification after
paracetamol overdose using mechanistic biomarkers:
results from two prospective cohort studies. Lancet Gastro-
enterol Hepatol 2018; 3: 104-113.

Dirksen K, Verzijl T, van den Ingh TSGAM, et al. Hepato-
cyte-derived microRNAs as sensitive serum biomarkers
of hepatocellular injury in Labrador retrievers. Vet | 2016;
211: 75-81.

Harrill AH, Eaddy JS, Rose K, et al. Liver biomarker and
in vitro assessment confirm the hepatic origin of amino-
transferase elevations lacking histopathological correlate
in beagle dogs treated with GABA, receptor antagonist
NP260. Toxicol Appl Pharmacol 2014; 277: 131-137.
Fleischhacker SN, Bauersachs S, Wehner A, et al. Differen-
tial expression of circulating microRNAs in diabetic and
healthy lean cats. Vet | 2013; 197: 688-693.

Bruskiewicz KA, Nelson RW, Feldman EC, et al. Diabetic
ketosis and ketoacidosis in cats: 42 cases (1980-1995). ] Am
Vet Med Assoc 1997; 211: 188-192.

Khan ], Lieberman JA and Lockwood CM. Variability in,
variability out: best practice recommendations to standard-
ize pre-analytical variables in the detection of circulating
and tissue microRNAs. Clin Chem Lab Med 2017; 55: 608-621.


https://orcid.org/0000-0001-5344-827X
https://orcid.org/0000-0001-5344-827X

e294

Journal of Feline Medicine and Surgery 24(8)

30 Bustin SA, Benes V, Garson JA, et al. The MIQE guidelines:

31

32

33

minimum information for publication of quantitative real-time
PCR experiments. Oxford: Oxford University Press, 2009.
Karlen Y, McNair A, Perseguers S, et al. Statistical signifi-
cance of quantitative PCR. BMC Bioinformatics 2007; 8: 131.
DOI: 10.1186/1471-2105-8-131.

Schober P and Schwarte LA. Correlation coefficients:
appropriate use and interpretation. Anesth Analg 2018; 126:
1763-1768.

Prion S and Haerling KA. Making sense of methods and
measurement: Spearman-rho ranked-order correlation
coefficient. Clin Simul Nurs 2014; 10: 535-536.

34

35

36

37

Ozer J, Ratner M, Shaw M, et al. The current state of
serum biomarkers of hepatotoxicity. Toxicology 2008; 245:
194-205.

Lidbury JA and Suchodolski JS. New advances in the diag-
nosis of canine and feline liver and pancreatic disease. Vet
] 2016; 215: 87-95.

Church RJ, Kullak-Ublick GA, Aubrecht J, et al. Candidate
biomarkers for the diagnosis and prognosis of drug-
induced liver injury: an international collaborative effort.
Hepatology 2019; 69: 760-773.

Balzano F, Deiana M, Dei Giudici S, et al. miRNA stability
in frozen plasma samples. Molecules 2015; 20: 19030-19040.



