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Results: A significant difference in the serum expression of cfa-miR-375 was found
between dogs with AP (median [interquartile range] 3.59 [1.55-24.52]-fold) and
healthy dogs (0.81 [0.54-2.21]-fold, P < .001), and no significant differences were
observed in hsa-miR-216a-5p and cfa-miR-216a (P > .05). The area under the
receiver operating characteristic curve of serum cfa-miR-375 for differentiating
between AP dogs and healthy dogs was 0.84 (95% confidence interval [CI]:
0.71-0.96). The expressions of hsa-miR-216a-5p and cfa-miR-375 were positively
correlated with the concentrations of serum C-reactive protein (r, = .46, r, = .48,
respectively), but not with the serum specific canine pancreatic lipase. The expression
of cfa-miR-375 was significantly less after treatment in dogs with AP (P = .02).
Conclusions and Clinical Importance: Serum cfa-miR-375 could be a potential bio-
marker for the diagnosis and evaluation of treatment response of AP in dogs. In addi-
tion, miR-216a and miR-375 could be associated with inflammatory processes in
dogs with AP.
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1 | INTRODUCTION
Acute pancreatitis (AP) is the most common pancreatic disease in dogs
and is an important differential diagnosis for dogs with signs of gastro-
intestinal disease such as acute vomiting and abdominal pain.* Clinical
diagnosis of AP is generally based on clinical signs, abnormal laboratory
findings, and abdominal imaging findings.*> At present, the serum-
specific canine pancreatic lipase (Spec cPL), which reflects the release
of pancreatic lipase into the circulation caused by pancreatic acinar cell
damage, is widely used for the diagnosis of AP in dogs. Although
this test shows high sensitivity (71.7%-90.9%) and specificity
(74.1%-88.8%),%” false positives might occur in some circumstances;
for example, Spec cPL might increase abnormally in 22.2% of dogs with
an acute abdominal disease without AP 60% of dogs with
hyperadrenocorticism,” and 45% of dogs with intervertebral disc dis-
ease without signs of gastrointestinal disease.© Therefore, an accurate
and reliable blood biomarker for diagnosis of AP in dogs is needed.
MicroRNAs (miRNAs) are small and noncoding RNAs that control
gene expression by binding to messenger RNAs.!? They are tissue-
specific and can be released into body fluids with tissue injury.t%>12
Additionally, miRNAs are particularly stable in serum, which makes
them possible biomarkers for the diagnosis and monitoring of various
diseases such as cancer, viral infections, and inflammation.'* The miR-
216a and miR-375 are abundant in the pancreatic tissue of dogs!>¢
and the expression of serum miR-216a and miR-375 significantly
increased in response to pancreatic injury in dogs with cerulein-induced
AP.1>Y7 However, there has been no study evaluating the serum
expression levels of these miRNAs in dogs with naturally occurring
AP. Therefore, we sought to identify the possibility of using serum
miRNAs, including hsa-miR-216a-5p, cfa-miR-216a, and cfa-miR-375,
as biomarkers for the diagnosis and treatment response of AP in dogs.
The primary objective of this study was to compare the expres-
sion of selected mMiRNAs (hsa-miR-216a-5p, cfa-miR-216a, and
cfa-miR-375) in the serum of dogs with AP and healthy dogs, and to
evaluate the accuracy of these selected miRNAs in differentiating
between dogs with AP and healthy dogs. Secondary objectives were:
(i) to analyze the difference in serum levels of the aforementioned
miRNAs in dogs with AP showing high clinical severity scores, those
showing low clinical severity scores, and clinically healthy dogs; (ii) to
evaluate the correlation between expression levels of these miRNAs
and specific canine pancreatic lipase (Spec cPL), which is a conven-
tional serum biomarker indicative of pancreatic injury, C-reactive pro-
tein (CRP), which is an indicator of acute inflammation, or clinical
severity score; and (iii) to assess how the expression levels of these

miRNAs are influenced by AP treatment.

2 | MATERIALS AND METHODS

21 | Study group

This cross-sectional study involved 21 client-owned dogs with AP and

20 client-owned clinically healthy dogs. Dogs with AP and healthy
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dogs visited our institution between May 2019 and April 2022. Acute
pancreatitis was clinically diagnosed if all of the following enroliment
criteria were met: (a) at least two of the following acute clinical signs
(duration <3 days): abdominal pain, diarrhea, vomiting, and hypor-
exia®®; (b) ultrasonographic findings consistent with AP, such as
hypoechoic and enlarged pancreatic parenchyma with irregular mar-
gins and irregular shape, hyperechoic mesentery, or presence of local-
ized abdominal fluid'’; and (c) serum Spec cPL (IDEXX Reference
Laboratory Inc., Westbrook, ME) concentrations >400 pg/L (RI,
0-200 pg/L).7 For the healthy controls group, client-owned clinically
healthy dogs which were presented for routine health examination,
were included in the study based on the unremarkable findings on
physical examination, CBC, serum biochemistry profiles, Spec cPL,
serum electrolyte analysis, urinalysis, survey radiography, and abdomi-
nal ultrasonography. This study obtained ethics approval from the
Ethics Committee of Chungbuk National University (CBNUA-
1710-22-01).

2.2 | Clinical severity grouping

A clinical severity scoring scheme was applied based on the results of
blood analyses and clinical signs at the first visit. The clinical severity
score of AP evaluated nine variables (endocrine, hepatic, renal, hema-
topoietic, local complications, cardiac, respiratory, intestinal integrity,
and vascular forces) according to a previously used method
(Appendix $1)2°21 with possible minimum and maximum total scores
of 0 and 24, respectively. Dogs with AP were divided into two groups
according to the total clinical severity score: Dogs with below 50%
clinical severity scores were classified as the low clinical severity
group (group L, n = 11), whereas dogs with above 50% were classified
as the high clinical severity group (group H, n = 10). Group L had <5
points, while group H had 26 points.

2.3 | Post-treatment assessment

The expression of selected serum miRNAs after treatment (n = 9) was
compared with that of before treatment. After treatment was defined
as the resolution of clinical signs consistent with AP and normalization
of serum Spec cPL concentrations (<200 pg/L). After treatment samples
were obtained at the time of discharge or the next follow-up examina-
tion, which was conducted 3 to 15 days after discharge. Dogs with AP
were medically treated with a combination of the following: intrave-
nous fluid therapy, analgesics, anti-emetics, antiacids, and nasogastric
tube for enteral feeding.22?° Dogs with pyrexia and left-shifted neutro-

penia were treated with broad-spectrum antibiotics.?%23

24 | Serum collection and RNA extraction

Blood samples were carefully collected in serum-separating tubes

from the jugular or cephalic veins. After the samples were centrifuged
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at 2000g for 10 minutes, the serum was carefully separated and
stored at —80°C within 1 hour of collection until measurement. Total
RNA was extracted from the serum samples using commercial kits for
RNA extraction (Qiagen, Valencia, CA) in accordance with the manu-
facturer's instructions. Briefly, RNA was isolated from 200 pL of
serum using 1 mL lysis reagent and 200 pL chloroform. After centrifu-
gation at 12 000g for 15 minutes at 4°C, the upper aqueous phase
was transferred into a collection tube and mixed with 100% ethanol
(1.5 mL). RNA was purified using a commercial RNA purification kit
(Qiagen, Valencia, CA) and eluted in 14 uL RNase-free water.
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TABLE 1  Study group characteristics and demographics

Healthy AP dogs
dogs (n = 20) (n=21)

Age (years) 6.1 (4.0-8.5) 10.7 (9.1-14.2)

Body weight (kg) 4.8 (4.1-9.5) 3.6 (3.0-7.0)

Sex (number), IF/SF/ 5/3/3/9 2/10/1/8

IM/CM
Spec cPL (ng/mL) 37.0 (30.0-59.0) 1236.0
(500.3-1970.0)
CRP (mg/L) 5.7 (5.0-6.9) 79.5(45.6-186.9)
Clinical score NA 5(4-7)

2.5 | Reverse transcription and real-time
quantitative PCR

After RNA extraction, cDNA was synthesized using the miRCURY
LNA RT kit (Qiagen, Valencia, CA). Reverse transcription and real-time
quantitative PCR (RT-qPCR) for relative quantification was conducted
using the miRCURY LNA SYBR Green PCR Kit (Qiagen, Valencia, CA)
and miRCURY LNA miRNA PCR assay (Qiagen, Valencia, CA). All ana-
lyses were performed using the StepOnePlus Real-Time PCR System
(Applied Biosystems, Waltham, MA), and all samples were analyzed in
triplicates. MicroRNA sequences for the study were: (a) hsa-miR-
216a-5p (UAAUCUCAGCUGGCAACUGUGA), (b) cfa-miR-216a (UA
AUCUCAGCUGGCAACUGUG), and (c) cfa-miR-375 (UUUGUUCGU
UCGGCUCGCGUGA) and were chosen based on the current litera-
ture on experimentally induced pancreatic injury.r>*” All samples
were normalized to the synthetic spike-in control, cel-miR-39-3p
(UCACCGGGUGUAAAUCAGCUUG,). All processes were performed
according to the manufacturer's instructions.

2.6 | Analysis of miRNA expression

The results of RT-gPCR were expressed as cycle threshold (Ct), which
was determined as the second derivative maximum cycle and was cal-
culated automatically. If miRNAs were not detected after 40 cycles of
RT-gPCR, the Ct value was regarded as equivalent to 40.2% The relative

2-2ACY was normalized to the

expression of each miRNA (fold change,
expression levels of the control gene (cel-miR-39-3p) according to the
formula: ACt = Ct value of the target gene — Ct value of the control
gene, AACt = ACt value of the target sample — average of ACt value

of the control sample, and the estimated expression ratio = 24425

2.7 | Statistical analysis

Statistical analyses were performed using the commercial statistical
software Prism 6 (GraphPad Software Inc., La Jolla, CA). The Shapiro-
Wilk test was performed to determine normal distributions. Statistical
analyses were conducted using nonparametric tests, and data were
expressed as median and interquartile range (IQR) because the data

were not normally distributed. The Mann-Whitney U-test was used to

Note: Data are expressed as medians (interquartile ranges).

Abbreviations: AP, acute pancreatitis; CM, castrated male; CRP, C-reactive
protein; IF, intact female; IM, intact male; NA, not applicable; SF, spayed
female; Spec cPL, specific canine pancreatic lipase.

compare miRNA expression levels between dogs with AP and healthy
dogs. The correlation between the concentrations of CRP, Spec cPL,
or clinical severity score and the expression of serum miRNAs was
assessed using Spearman's correlation test. Wilcoxon signed-rank
tests were performed to compare the expression of miRNAs before
and after treatment. Receiver operating characteristic (ROC) curve
analysis was used to assess the diagnostic utility of each miRNA
sequence in differentiating between dogs with AP and healthy dogs.
The diagnostic accuracy was assessed using the area under the curve
(AUC) of the ROC curve. Sensitivity and specificity were calculated
and the optimal cut-off was selected as the value with the highest
Youden index (sensitivity + specific — 1).2° P value <.05 was consid-

ered statistically significant.

3 | RESULTS

3.1 | Study group

The dogs with AP consisted of 6 Maltese, 3 Poodles, 2 Yorkshire terriers,
2 Chihuahuas, 2 mixed-breed dogs, and 1 each of Shih Tzu, Pomeranian,
Dachshund, Beagle, Golden Retriever, and Jindo dogs. Healthy dogs con-
sisted of 6 Maltese, 3 Poodles, 3 Pomeranian, 2 Cocker Spaniels,
2 mixed-breed dogs, and 1 each of Yorkshire terriers, Chihuahuas, Spitz,
and Labrador Retriever. Other demographic characteristics, serum Spec
cPL and CRP concentrations, and clinical severity scores of the studied
dogs are presented in Table 1. The dogs with AP were significantly older
than healthy dogs (P < .001). Of the 21 dogs with AP, 15 dogs survived
and were discharged from the hospital and 6 dogs died. The median hos-
pitalization time was 3 (IQR 2-7) days in dogs with AP.

3.2 | Comparison of expression level of serum
miRNAs between dogs with AP and healthy controls

No significant differences were observed in the expression of serum
hsa-miR-216a-5p (dogs with AP: median [IQR] fold change 2.37



Journal of Veterinary Internal Medicine AC\%’/IM | 95

LEE ET AL.
" : Coﬂ‘eg\;odf
[0.52-12.54], healthy dogs: median [IQR] fold change 0.89 (A) Hsa-miR-216a-5p

[0.34-2.10], P = .17; Figure 1A) and cfa-miR-216a (dogs with AP:
median [IQR] fold change 2.57 [0.31-22.17], healthy dogs: median
[IQR] fold change 0.74 [0.18-2.13], P = .31; Figure 1B) between dogs
with AP and healthy dogs. A significant difference in the expression of
serum cfa-miR-375 was found between dogs with AP (median [IQR]
fold change 3.59 [1.55-24.52]) and healthy dogs (median [IQR] fold
change 0.81 [0.54-2.21], P < .001; Figure 1C).

3.3 | AUC of miRNAs to differentiate between
dogs with AP and healthy controls

The ability of miRNAs to differentiate between dogs with AP and
healthy dogs was assessed using ROC curves. The AUCs of hsa-miR-
216a-5p, cfa-miR-216a, and cfa-miR-375 were 0.63 (95% confidence
interval [CI] = 0.45-0.81), 0.59 (95% ClI = 0.41-0.77), and 0.84 (95%
Cl = 0.71-0.96), respectively. Based on the Youden index, the optimal
cut-off of cfa-miR-375 was a fold change of 1.06, with a sensitivity of
95.2% (95% Cl = 76.2%-99.9%) and specificity of 70.0% (95%
Cl = 45.7%-88.1%; Figure 2). The cut-off cfa-miR-375 with the sec-
ond and third highest Youden index was 1.59 and 2.91, respectively,
with a sensitivity and specificity of 76.2% (95% Cl = 52.8%-91.8%)
and 75.0% (95% Cl = 50.9%-91.3%), 61.9% (95% Cl| = 38.4%-81.9%),
and 85.0% (95% Cl = 62.1%-96.8%), respectively.

3.4 | Comparison of serum miRNA expression
levels among dogs with AP and high clinical severity
scores, those showing low clinical severity scores,
and healthy dogs

Multiple comparisons were conducted to identify differences in the
expression of serum miRNAs between dogs with AP showing high
(group H, n = 10), low clinical severity scores (group L, n = 11) and
healthy dogs (n = 20). In group H, the number of dogs showing clinical
severity scores 6, 7, 8,and 9 was 1, 6, 2, and 1, respectively. In group L,
the number of dogs representing the clinical severity scores 2, 3, 4, and
5 was 1, 3, 3, and 4, respectively. Group H had a case fatality of 50%
(5 of 10) compared with 9.1% (1 of 11) in group L. The median time of
hospitalization was 5 (IQR 3-7) days in group H and 3 (IQR 1-7) days in
group L. The expression of serum hsa-miR-216a-5p in group H (median
[IQR] fold change 12.54 [2.06-138.50]) was significantly different from
that of group L (median [IQR] fold change 1.18 [0.16-4.33]; P = .01)
and healthy controls (median [IQR] fold change 0.89 [0.34-2.10];
P = .01; Figure 3A), respectively. The expression of serum cfa-miR-
216a in group H (median [IQR] fold change 16.51 [2.08-295.28]) was
significantly different from that of group L (median [IQR] fold change
0.62 [0.08-3.71]; P = .01) and healthy dogs (median [IQR] fold change
0.74 [0.18-2.13]; P = .04; Figure 3B), respectively. However, there
were no significant differences in the expression of hsa-miR-216a-5p
and cfa-miR-216a between group L and healthy controls. When the
expression of serum miR-375 was compared among the three groups, a
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FIGURE 1 Scatterplot of expression levels of serum (A) hsa-miR-
216a-5p (P = .17), (B) cfa-miR-216a (P = .31), and (C) cfa-miR-375

(P < .001) in healthy dogs (n = 20) and dogs with AP (n = 21). The
horizontal bars show the medians and interquartile ranges from the
first to the third quartiles. The Mann-Whitney U test. ***P < .001. AP,
acute pancreatitis

significant difference was found only between group H (median [IQR]
fold change 11.21 [3.45-165.94]) and healthy dogs (median [IQR] 0.81
[0.51-2.21]; P < .001; Figure 3C).

3.5 | Correlation of miRNA expression with
C-reactive protein, Spec cPL, and clinical severity
scores

Serum CRP concentrations were positively correlated with the expres-
sion of serum hsa-miR-216a-5p (r; = .46, 95% Cl: 0.02-0.75, P = .04;
Figure 4A) and cfa-miR-375 (r; = .48, 95% Cl. 0.05-0.76, P = .03;
Figure 4C). No correlation was observed between serum CRP
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FIGURE 2 Receiver operating characteristic curve differentiating
between dogs with AP (n = 21) and healthy dogs (n = 20) based on
the expression levels of serum cfa-miR-375. The AUC was .84 (95%
Cl = 0.71-0.96). The point of intersection represents the optimal cut-
off value of fold change 1.06, with a sensitivity of 95.2% (95%

Cl = 76.2%-99.9%) and specificity of 70.0% (95% Cl = 45.7%-88.1%).
AUC, area under the receiver operating characteristic curve; AP, acute
pancreatitis; Cl, confidence interval

concentrations and serum cfa-miR-216a expression (P = .09;
Figure 4B). There was no correlation between Spec cPL concentration
and the expression levels of hsa-miR-216a-5p (P = .07; Figure 4D),
cfa-miR-216a (P = .26; Figure 4E), and cfa-miR-375 (P = .86;
Figure 4F). The clinical severity score was positively correlated with
the expression levels of serum hsa-miR-216a-5p (r; = .64, 95% CI:
0.28-0.85, P = .002; Figure 4G), cfa-miR-216a (r; = .51, 95% Cl:
0.09-0.78, P = .02; Figure 4H), and cfa-miR-375 (r; = .45, 95% ClI:
0.01-0.75, P = .04; Figure 4l).

3.6 | Comparison of pre- and post-treatment
serum miRNA expression levels in dogs with AP

No significant difference in the expression of serum hsa-miR-216a-5p
(P = .2; Figure 5A) and cfa-miR-216a (P = .16; Figure 5B) was found
between pre- and post-treatment (n = 9). However, a significant dif-
ference in expression of serum cfa-miR-375 was observed between
before (median [IQR] fold change 3.59 [2.15-71.29]) and after treat-
ment (median [IQR] fold change 1.03 [0.65-1.67]; P = .02; Figure 5C)
in dogs with AP.

4 | DISCUSSION

Our study showed that the expression level of serum cfa-miR-375 dif-

fered significantly between dogs with AP and healthy dogs. The area
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FIGURE 3 Scatterplot of expression levels of serum (A) hsa-miR-
216a-5p, (B) cfa-miR-216a, and (C) cfa-miR-375 in healthy dogs

(n = 20) and AP dogs with high (Group H, n = 10) and low (Group L,
n = 11) clinical severity scores. The horizontal bars show the medians
and interquartile ranges from the first to the third quartiles. The
Kruskal-Wallis test with Dunn's multiple comparison test. *P < .05,
**P < .01, ***P < .001. AP, acute pancreatitis

under the receiver operating characteristic curve of serum cfa-miR-
375 for differentiating between AP dogs and healthy dogs was 0.84,
and the optimal cut-off of cfa-miR-375-fold change was 1.06, with a
sensitivity of 95.2% and specificity of 70.0%. These findings sug-
gested that cfa-miR-375 could be a potential biomarker in dogs for
the diagnosis of naturally occurring AP. In addition, serum expressions
of hsa-miR-216a-5p and cfa-miR-216a were higher in dogs with AP
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FIGURE 4 Correlations between
concentrations of serum CRP and
expression of serum miRNAs [(A) hsa-
miR-216a-5p (r; = .46, P = .04), (B) cfa-
miR-216a (rs = .38, P = .09), (C) cfa-miR-
375 (r; = .48, P = .03)], correlations
between concentrations of serum Spec
cPL and expression of serum miRNAs
[(D) hsa-miR-216a-5p (rs = .40, P = .07),
(E) cfa-miR-216a (r; = .26, P = .26),
(F) cfa-miR-375 (rs = .04, P = .86)], and
correlations between clinical severity
score and expression of serum miRNAs
[(G) hsa-miR-216a-5p (r; = .64, P = .002),
(H) cfa-miR-216a (rs = .51, P = .02),
(I) cfa-miR-375 (rs = .45, P = .04)] in dogs
with AP. The Spearman's rank test. AP,
acute pancreatitis; CRP, C-reactive
protein; miRNA, microRNA; Spec cPL,
specific canine pancreatic lipase

and a high clinical severity than in dogs with AP and a low clinical
severity, implying that these miRNAs could be biomarkers for the

severity of AP in dogs.
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In this study, the expression of selected circulating miRNAs was
analyzed in dogs with AP. The criteria for selection of specific miRNAs

were pancreatic specificity, serum abundance of dogs with
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FIGURE 5 Comparisons of expression levels of serum (A) hsa-
miR-216a-5p (P = .20), (B) cfa-miR-216a (P = .16), and (C) cfa-miR-
375 (P = .02) between before and after treatment in dogs with AP
(n = 9). Wilcoxon-signed rank sum test. *P < .05. AP, acute
pancreatitis; miRNA, microRNA

experimentally induced AP,*>' and availability of commercial
primers. Taking these criteria into consideration, we selected 3 miR-
NAs: hsa-miR-216a-5p, cfa-miR-216a, and cfa-miR-375. Hsa-miR-
216a-5p, 1 of human miRNAs, shares homology to the cfa-miR-216a
of canine miRNAs.*®?7 In the pancreas of dogs, the most abundant
isomer of miR-216a was hsa-miR-216a-5p, whereas cfa-miR-216a
were present at somewhat lower levels.'® Our study included both
hsa-miR-216a-5p and cfa-miR-216a because there was no previous
study in which of the isomers of miR-216a was more abundant in
serum of dogs. Expressions of serum hsa-miR-216a-5p and cfa-miR-
216a were not detected in 23.8% (5/21) and 19.0% (4/21) of dogs

with AP, and 45.0% (9/20) and 30.0% (6/20) of healthy dogs, respec-
tively (data not shown). In contrast, the expression of serum miR-375
was detected in all dogs with AP and in healthy dogs in this study. In
this study, cel-miR-39-3p was chosen as spike-in control as it has
been used in many studies regarding the expression of serum miRNAs
in dogs; additionally, the primer for cel-miR-39-3p is commercially
available. 2830

MiR-375 is highly expressed in the pancreatic islets of Langerhans
and regulates beta cell function.?31*2 The results of our study are in
line with those of a previous report on upregulated serum miR-375
compared with controls in murine and canine models of AP.*>'7
Receiver operating characteristic curve analyses in our study supported
that expression of serum miR-375 could be a biomarker for the diagno-
sis of AP in dogs. The optimal cut-off for serum miR-375 expression
was a fold-change of 1.06, as it exhibited the highest sensitivity (95.2%)
and specificity (70.0%) for AP in dogs. This information suggests that
serum miR-375 expression could be a useful screening tool for detect-
ing AP in dogs; however, the 1.06-fold cut-off might be small to be
used clinically. Cut-off values with the second and third highest Youden
index (1.59- and 2.91-fold, respectively) might be clinically useful to dif-
ferentiate dogs with AP. However, caution should be used when strictly
applying the miR-375 cut-off to differentiate between dogs with AP
and healthy dogs because this study included a small sample size.

In this study, after treatment expression of serum miR-375
showed a significant decrease compared with pre-treatment with AP,
suggesting the potential role of cfa-miR-375 in monitoring the treat-
ment response of dogs with naturally occurring AP. Several studies of
dogs with cerulein-induced AP analyzed the expression levels of circu-
lating miR-375 at multiple time points after the administration of cer-
ulein.>” Serum levels of miR-375 increased within 30 to 60 minutes

16,17 15,17 and

of administration of cerulein, peaked at 4 to 8 hours,
decreased close to baseline until approximately 24 hours.*>'” In other
words, miR-375 increased rapidly in pancreatic injury and showed a
gradual decrease in the absence of additional damage to the pancreas,
suggesting its potential as a useful biomarker for evaluating the
response to treatment. Unfortunately, serial measurements of serum
miRNA levels during hospital management were not performed in this
study. Additional studies involving larger number of dogs and serial
measurements of serum levels of miRNA over time in hospitalized
dogs are necessary to identify the alterations of serum levels of miR-
NAs in naturally occurring AP, and its usefulness in a clinical setting.
MiR-216a is predominantly expressed in acinar cells, which make
up ~90% of pancreatic tissue?” and play a key role in the exocrine
pancreatic function.'® Unlike a previous report documenting increased
serum miRNA-216a expression in canine models of AP,> there was
no significant difference in serum miRNA-216a expression between
the AP group and healthy controls of the present study. However, a
significant difference in miR-216a expression was found between
healthy dogs and dogs with AP showing high clinical severity scores,
and between dogs with AP showing low and those showing high clini-
cal severity scores. This result is consistent with the result that the
expression of serum miR-216a was significantly upregulated in human

patients with severe AP compared with mild or moderate AP.>3
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Therefore, the results of our study suggest that serum expression of
miR-216a could be a potential marker for evaluating the severity of
AP in dogs and could thus be markers for severe AP.

Traditionally, overexpression of miR-216a and miR-375 in the
serum of dogs with pancreatic injury was thought to be caused by
direct leakage from the damaged pancreatic tissue. In a study of canine
models of AP, the expressions of serum miR-216 and miR-375 were
positively correlated with the degree of histopathological pancreatic
injury, which support this assumption.'” However, another study of
murine models of AP showed no correlation between the expression of
serum miR-216a and the degree of histopathologic necrotic injury,
which contradicts the assumption.33 Interestingly in our study, the
expressions of serum hsa-miR-216a-5p and miR-375 were positively
correlated with the concentrations of serum CRP, an inflammatory
marker, but not with the concentrations of serum Spec cPL, a leakage
marker. Therefore, overexpression of serum hsa-miR-216a-5p and miR-
375 could not be entirely explained by leakage from the pancreatic tis-
sue, and there was a possibility of involvement of factors other than cell
leakage, such as inflammation. Recent studies have provided evidence
to support that miR-216a is involved in regulation of the inflammatory
process.>*%” Transforming growth factor-, a multifunctional cytokine,
induced up-regulation of miR-216a, which is exacerbated AP in mice.3¢
Furthermore, miR-216a-5p regulates the expression of the FOS tran-
scription factor complex, which has been a modulator in the inflamma-
tory process.®” In addition, a study of murine models of AP revealed
that miR-375 could accelerate inflammation and apoptosis of pancre-
atic acinar cells by regulating autophagy-related protein 7 (ATG7),
which is a gene encoding protein involved in autophagy.>® Our results

are similar to previous studies®>%73¢

supporting a potential pathophysi-
ological link between the inflammatory process in canine AP and the
expression of both miR-216a and miR-375. Further studies might pro-
vide additional insight into the pathophysiology of canine AP.

Our study had several limitations. First, the sample size of each
group was small. The negative findings of our study might have been
because of a type Il error caused by the small sample size. Second, the
healthy dogs in the present study were younger than dogs with
AP. Unlike some miRNAs related with aging,3*“° there are no reports
of associations between the age and miR-216a or miR-375. However,
the unmatched ages of the two groups can potentially affect the
results; thus, studies using healthy and AP dogs of similar ages would
be necessary to minimize this limitation. Additionally, our study group
was skewed toward small breed dogs. Third, our study did not com-
pare the utility of serum miRNAs for the diagnosis of AP with that of
serum Spec cPL. As Spec cPL was included in the diagnostic criteria of
this study, comparison of the diagnostic utility of miRNAs and Spec
cPL for AP was not performed. Further studies including dogs with a
definitive diagnosis of AP based on the histopathological examinations
are needed to compare the diagnostic utility of these two assays.
Fourth, although all dogs with AP had acute clinical signs (duration
<3 days), the presentation to the hospital for consultation after the
onset of clinical signs was variable (few hours to 3 days); therefore,
pancreatic damage might have already resolved by the time of collect-

ing serum, which might have contributed to the lack of differences in
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miRNAs expression. Finally, based on our results, miRNAs could be
useful in differentiating healthy dogs from dogs with AP. However, it
could be more important to clinically distinguish dogs with acute signs
of gastrointestinal disease caused by AP from other nonpancreatic
acute gastrointestinal diseases, which would provide more meaningful
information about miRNAs in clinical use.

In conclusion, serum cfa-miR-375 could potentially be a biomarker
for diagnosing and evaluating the treatment response to AP in dogs.
Furthermore, the expression of serum hsa-miR-216a-5p and cfa-miR-
375 were positively correlated with serum CRP concentration, unlike
serum Spec cPL concentration. These results suggest that miR-216a
and miR-375 could potentially be associated with inflammatory pro-
cesses in canine AP, and additional studies are necessary to identify the

potential roles of miRNAs in inflammatory regulation in dogs with AP.

ACKNOWLEDGMENT

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government (MSIT; No. NRF-
2021R1F1A1061799) and Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the Min-
istry of Education (NRF-2022R1A6A3A13071738).

CONFLICT OF INTEREST DECLARATION
Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Approved by the Chungbuk National University Animal Care Commit-
tee and was carried out according to the Guide for Care and Use
of Animals (Chungbuk National University Animal Care Committee,
CBNUA-1710-22-01).

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID

Dohee Lee "= https://orcid.org/0000-0001-7162-9592
Taesik Yun "2 https://orcid.org/0000-0003-1372-4430
Yoonhoi Koo "’ https://orcid.org/0000-0002-3810-4193
Yeon Chae "2 https://orcid.org/0000-0002-9816-6900
Minseok Choi "2 https://orcid.org/0000-0002-5936-8956

Byeong-Teck Kang "= https://orcid.org/0000-0002-4471-4342
https://orcid.org/0000-0002-8043-0152

https://orcid.org/0000-0002-8882-2329

Mhan-Pyo Yang
Hakhyun Kim

REFERENCES
1. Xenoulis PG. Diagnosis of pancreatitis in dogs and cats. J Small Anim
Pract. 2015;56:13-26.
2. Hess RS, Saunders HM, Van Winkle TJ, et al. Clinical, clinicopatho-
logic, radiographic, and ultrasonographic abnormalities in dogs with


https://orcid.org/0000-0001-7162-9592
https://orcid.org/0000-0001-7162-9592
https://orcid.org/0000-0003-1372-4430
https://orcid.org/0000-0003-1372-4430
https://orcid.org/0000-0002-3810-4193
https://orcid.org/0000-0002-3810-4193
https://orcid.org/0000-0002-9816-6900
https://orcid.org/0000-0002-9816-6900
https://orcid.org/0000-0002-5936-8956
https://orcid.org/0000-0002-5936-8956
https://orcid.org/0000-0002-4471-4342
https://orcid.org/0000-0002-4471-4342
https://orcid.org/0000-0002-8043-0152
https://orcid.org/0000-0002-8043-0152
https://orcid.org/0000-0002-8882-2329
https://orcid.org/0000-0002-8882-2329

100 | Journal of Veterinary Internal Medicine AC\?' M

10.
11.
12.

13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

LEE ET AL.

[Open Access NN

Veterin:

an College of
rnal Medicine

fatal acute pancreatitis: 70 cases (1986-1995). J Am Vet Med Assoc.
1998;213:665-670.

Cook AK, Breitschwerdt EB, Levine JF, Bunch SE, Linn LO. Risk fac-
tors associated with acute pancreatitis in dogs: 101 cases
(1985-1990). J Am Vet Med Assoc. 1993;203:673-679.

Mushtaq S, Farooq |, Farooq |, et al. Acute pancreatitis in dogs: a
review. Pharma Innov J. 2017;6:509-516.

Cridge H, Macleod AG, Pachtinger GE, et al. Evaluation of SNAP cPL,
Spec cPL, VetScan cPL rapid test, and precision PSL assays for the
diagnosis of clinical pancreatitis in dogs. J Vet Intern Med. 2018;32:
658-664.

McCord K, Morley PS, Armstrong K, et al. A multi-institutional study
evaluating the diagnostic utility of the Spec cPL and SNAP cPL in clin-
ical acute pancreatitis in 84 dogs. J Vet Intern Med. 2012;26:888-896.
Cridge H, Twedt DC, Marolf AJ, Sharkey LC, Steiner JM. Advances in
the diagnosis of acute pancreatitis in dogs. J Vet Intern Med. 2021;35:
2572-2587.

Haworth MD, Hosgood G, Swindells KL, Mansfield CS. Diagnostic
accuracy of the SNAP and Spec canine pancreatic lipase tests for pan-
creatitis in dogs presenting with clinical signs of acute abdominal dis-
ease. J Vet Emerg Crit Care (San Antonio). 2014;24:135-143.

Mawby DI, Whittemore JC, Fecteau KA. Canine pancreatic-specific
lipase concentrations in clinically healthy dogs and dogs with naturally
occurring hyperadrenocorticism. J Vet Intern Med. 2014;28:1244-
1250.

Schueler RO, White G, Schueler RL, Steiner JM, Wassef A. Canine
pancreatic lipase immunoreactivity concentrations associated with
intervertebral disc disease in 84 dogs. J Small Anim Pract. 2018;59:
305-310.

Bartel DP. MicroRNAs: target recognition and regulatory functions.
Cell. 2009;136:215-233.

Condrat CE, Thompson DC, Barbu MG, et al. miRNAs as biomarkers
in disease: latest findings regarding their role in diagnosis and progno-
sis. Cell. 2020;9:276.

Weber JA, Baxter DH, Zhang S, et al. The microRNA spectrum in
12 body fluids. Clin Chem. 2010;56:1733-1741.

Wang J, Chen J, Sen S. MicroRNA as biomarkers and diagnostics.
J Cell Physiol. 2016;231:25-30.

Smith A, Calley J, Mathur S, et al. The rat microRNA body atlas; evalu-
ation of the microRNA content of rat organs through deep segencing
and characterization of pancreas enriched miRNAs as biomarkers of
pancreatic toxicity in the rat and dog. BMC Genomics. 2016;17:694.
Rouse R, Rosenzweig B, Shea K, et al. MicroRNA biomarkers of pan-
creatic injury in a canine model. Exp Toxicol Pathol. 2017;69:33-43.
Lee HB, Park HK, Choi HJ, et al. Evaluation of circulating microRNA
biomarkers in the acute pancreatic injury dog model. Int J Mol Sci.
2018;19:3048. doi:10.3390/ijms19103048

Gori E, Pierini A, Lippi |, Meucci V, Perondi F, Marchetti V. Evaluation
of asymmetric dimethylarginine as an inflammatory and prognostic
marker in dogs with acute pancreatitis. J Vet Intern Med. 2020;34:
1144-1149.

Mattoon JS, Slovak JE, Sellon RK. Pancreas. In: Mattoon JS,
Sellon RK, Berry CR, eds. Small Animal Diagnostic Ultrasound. 4th ed.
St. Louis: Elsevier; 2020.

Mansfield CS, James FE, Robertson ID. Development of a clinical
severity index for dogs with acute pancreatitis. J Am Vet Med Assoc.
2008;233:936-944.

Kim H, Kim HJ, Kang JH, Kang BT, Yang MP. Evaluation of serum C-
reactive protein and high mobility group box 1 concentrations in
22 dogs with acute pancreatitis: a pilot study. Vet Q. 2019;39:
122-130.

Keany KM, Fosgate GT, Perry SM, Stroup ST, Steiner JM. Serum con-
centrations of canine pancreatic lipase immunoreactivity and C-
reactive protein for monitoring disease progression in dogs with
acute pancreatitis. J Vet Intern Med. 2021;35:2187-2195.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mansfield C, Beths T. Management of acute pancreatitis in dogs: a
critical appraisal with focus on feeding and analgesia. J Small Anim
Pract. 2015;56:27-39.

Ji X, Takahashi R, Hiura Y, Hirokawa G, Fukushima Y, Iwai N. Plasma
miR-208 as a biomarker of myocardial injury. Clin Chem. 2009;55:
1944-1949. doi:10.1373/clinchem.2009.125310

Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C[T]) method.
Methods. 2001;25:402-408.

Simundi¢ AM. Measures of diagnostic accuracy: basic definitions.
EJIFCC. 2009;19:203-211.

Wagner S, Willenbrock S, Nolte |, Escobar HM. Comparison of non-
coding RNAs in human and canine cancer. Front Genet. 2013;4:46.
Craig KKL, Wood GA, Keller SM, Mutsaers AJ, Wood RD. MicroRNA
profiling in canine multicentric lymphoma. PLoS One. 2019;14:
e0226357.

Nakata K, Heishima K, Sakai H, et al. Plasma microRNA miR-26b as a
potential diagnostic biomarker of degenerative myelopathy in Pem-
broke welsh corgis. BMC Vet Res. 2019;15:192.

Sanders K, Veldhuizen A, Kooistra HS, et al. Circulating MicroRNAs as
non-invasive biomarkers for canine Cushing's syndrome. Front Vet
Sci. 2021,8:760487.

Endo K, Weng H, Kito N, et al. MiR-216a and miR-216b as markers
for acute phased pancreatic injury. Biomed Res. 2013;34:179-188.
Eliasson L. The small RNA miR-375 - a pancreatic islet abundant
miRNA with multiple roles in endocrine beta cell function. Mol Cell
Endocrinol. 2017;456:95-101.

Zhang XX, Deng LH, Chen WW, et al. Circulating microRNA 216 as a
marker for the early identification of severe acute pancreatitis.
Am J Med Sci. 2017;353:178-186.

Xiang H, Tao X, Xia S, et al. Targeting microRNA function in acute pan-
creatitis. Front Physiol. 2017;8:726. doi:10.3389/fphys.2017.00726

Qu C, Liu X, Ye T, et al. miR-216a exacerbates TGF-p-induced myofi-
broblast transdifferentiation via PTEN/AKT signaling. Mol Med Rep.
2019;19:5345-5352.

Zhang J, Ning X, Cui W, Bi M, Zhang D, Zhang J. Transforming growth
factor (TGF)-B-induced microRNA-216a promotes acute pancreatitis
via Akt and TGF-p pathway in mice. Dig Dis Sci. 2015;60:127-135.
Kusnierz-Cabala B, Nowak E, Sporek M, et al. Serum levels of unique
miR-551-5p and endothelial-specific miR-126a-5p allow discrimina-
tion of patients in the early phase of acute pancreatitis. Pancreatology.
2015;15:344-351.

Zhao SP, Yu C, Xiang KM, Yang MS, Liu ZL, Yang BC. miR-375 inhibits
autophagy and further promotes inflammation and apoptosis of aci-
nar cells by targeting ATG7. Pancreas. 2020;49:543-551.

Noren Hooten N, Fitzpatrick M, Wood WH 3rd, et al. Age-related
changes in microRNA levels in serum. Aging (Albany NY). 2013;5:
725-740.

Huan T, Chen G, Liu C, et al. Age-associated microRNA expression in
human peripheral blood is associated with all-cause mortality and
age-related traits. Aging Cell. 2018;17(1):e12687.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Lee D, Yun T, Koo Y, et al. Evaluation
of serum miR-216a and miR-375 as biomarkers in dogs with
acute pancreatitis. J Vet Intern Med. 2023;37(1):92-100.
doi:10.1111/jvim.16593


info:doi/10.3390/ijms19103048
info:doi/10.1373/clinchem.2009.125310
info:doi/10.3389/fphys.2017.00726
info:doi/10.1111/jvim.16593

	Evaluation of serum miR-216a and miR-375 as biomarkers in dogs with acute pancreatitis
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study group
	2.2  Clinical severity grouping
	2.3  Post-treatment assessment
	2.4  Serum collection and RNA extraction
	2.5  Reverse transcription and real-time quantitative PCR
	2.6  Analysis of miRNA expression
	2.7  Statistical analysis

	3  RESULTS
	3.1  Study group
	3.2  Comparison of expression level of serum miRNAs between dogs with AP and healthy controls
	3.3  AUC of miRNAs to differentiate between dogs with AP and healthy controls
	3.4  Comparison of serum miRNA expression levels among dogs with AP and high clinical severity scores, those showing low cl...
	3.5  Correlation of miRNA expression with C-reactive protein, Spec cPL, and clinical severity scores
	3.6  Comparison of pre- and post-treatment serum miRNA expression levels in dogs with AP

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


