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Expression of blood hepatocyte-derived microRNA-122 in canine
multicentric lymphoma with hepatic involvement
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Abstract
This study was performed to evaluate the hepatocyte-derived microRNA (miR)-122 as novel diagnostic biomarker in canine
lymphoma. Fifteen dogs were enrolled in this study. Dogs presented at Small Animal Teaching Hospital, Faculty of Veterinary
Medicine, Cairo University. Dogs were divided into 8 clinically healthy dogs act as control and 7 clinically ill dogs. All dogs were
subjected to clinical, ultrasonographic, hemato-biochemical and ultrasound-guided fine-needle biopsy for cytological and his-
topathological investigations. On the basis of these results, 7 dogs were found to be suffering from multicentric lymphoma
involving liver. Serum hepatocyte-derived miRA-122 was determined by real-time quantitative polymerase chain reaction in all
dogs. Multicentric lymphoma involving liver manifested by inappetance for several days, depression and peripheral lymphade-
nopathy. Hematological examination showed significant lymphocytosis. Serum biochemical analysis revealed significant in-
crease in ALT, AST, ALP compared to control dogs. Ultrasonography revealed hypoechoic lymphoid aggregation at area of
“porta hepatis” and circumscribed hypoechoic nodule interrupt liver parenchyma. Cytology revealed infiltration of liver tissue by
lymphoblast cells and histopathology revealed diffuse infiltration of hepatic sinusoids and portal area by uniform population of
small lymphocytes. Serum miRNA-122 analysis showed a significant increase represented as 9.00 fold in canine multicentric
lymphoma involving liver. Serum hepatocyte-derived miRNA-122 is of diagnostic value, non invasive, stable and easily mea-
surable blood biomarker for the detection of hepatocellular injury in dogs with multicentric lymphoma involving liver.
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Introduction

One of the most frequently diagnosed neoplasm in canine
practice is canine lymphoma (Vail and Young 2007;
Zandvliet 2016), with estimated incidence rate of 13–114/
100.000 dog per year (Teske 1994; Dobson et al. 2002;
Dorn et al. 1967).

Lymphoma is defined as a malignant lymphocyte cancer
(Hume et al. 2018). though, it might occur in different organs,
it appears to have a special affinity to liver, spleen and lymph
nodes (Vail et al. 2013).

Canine lymphoma is presented in different forms, though
multicentric lymphoma comprises about 75% of diagnosed
lymphoma cases (Ponce et al. 2010; Vezzali et al. 2010).
Middle-aged and older dogs tend to be more prone to disease
than puppies with approximate age range of 6–9 years (Pastor
et al. 2009). Middle sized and large breeds dogs appear to be
more susceptible to lymphoma with Retrievers, Boxers, Bull
mastiffs, Bulldogs and Rottweilers are mostly reported (Teske
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et al. 1994; Edwards et al. 2003; Modiano et al. 2005).
Relation between specific sex and expression of the disease
is not yet established, though intact females are reported to be
less susceptible (Villamil et al. 2009).

WHO classified multicentric lymphoma to five stages,
however, hepatic involvement is expected in stage IV and V
(Owen 1980; Bienzle and Vernau 2011; Marconato 2011). In
metastatic hepatic tumors, liver enzymes tend to elevate
though to lesser extend compared with primary hepatic tumors
(Graham et al. 2003). Definitive diagnosis usually depends on
results of biopsy (Rothuizen et al. 2006). In recent years, the
need to develop a relatively non-invasive and sensitive bio-
markers for liver affections and involvement gained wide pop-
ularity. One of these recent bio-markers is “hepatocyte-de-
rived microRNAs”, those miRNAs are believed to be firm
and reliable indicator for human and animal liver injuries
and diseases (Laterza et al. 2009; Wang et al. 2009; Zhang
et al. 2010;Van der Meer et al. 2013). miRNAs are “non-cod-
ing RNA” group which play an essential part in post-
transcription gene expression as imperative regulators in liver
(Krol et al. 2010). One of the most important miRNAs in
hepatic injuries is miR-122 that accounts for 72% of total liver
miRNAs (Dirksen et al. 2016a, b).

Nowadays, miR-122 gained wide acceptance in human
hepatic research (Zhang et al. 2010; Cermelli et al. 2011;
Starkey Lewis et al. 2011;Van derMeer et al. 2013) and canine
medicine is not as far behind. (Dirksen et al. 2016a, b). In a
recent study conducted by Oosthuyzen et al. (2018), they con-
cluded that miR-122 is valuable specific and sensitive bio-
marker for diagnosis of canine hepatic affections.

Though, the research around miR-122 and canine liver af-
fections steadily improved in the last few years, yet it is not
with the same pace as in human medicine. For that, this in-
vestigation aimed to estimate hepatocyte-derived miR-122 ex-
pression for detection of hepatic involvement in canine
multicentric lymphoma in comparison with routine diagnostic
methods.

Patients and methods

Patients examination and sample collections

All procedures performed in this study was in accordance with
the ethical standards of the institution at which the study were

conducted“Institutional Animal Care andUse Committee, Cairo
University” and was allotted permit number (CU-II-F-44-17).

The study was conducted on 15 dogs admitted to small
animal teaching hospital, Faculty of Veterinary Medicine,
Cairo University. Seven ill dogs underwent comprehensive
clinical, ultrasound, laboratory and biopsy examination for
confirmation of the diagnosis. In this study eight apparently
healthy dogs with same age range as diseased were enrolled as
control, these dogs underwent hematologic, serum biochemi-
cal and ultrasound investigations to exclude any underling
conditions.

Each dog was examined for pulse rate, respiration, temper-
ature, mucous membrane and lymph nodes. Clinical signs
were recorded at time of admission.

Blood was withdrawn from cephalic vein in each animal.
Samples were divided into two portions, first one collected on
EDTA-containing tube for hematologic estimation using au-
tomated veterinary hematology analyzer. Second portion col-
lected on plain tube for estimation of protein profile, AST,
ALT, ALP, GGT, BUN, glucose, Cholesterol, triglyceride
and total bilirubin using dedicated test kits (spectrum-diagnos-
tic, Egypt). Remaining serum was stored at −20 °C till esti-
mation of hepatocyte-derived miRNA-122.

Ultrasound examination and biopsy collection

Abdominal ultrasonography (mindray) was performed on
each animal according to previously stated method (Nyland
et al. 2015). Ultrasound-guided hepatic biopsy was taken from
the lesion using semi-automatic biopsy needle (18 G stero-
cut® needle).lymph node aspiration was performed using a
22-gauge needle together with syringe. Specimens were rolled
on the slide and stained by Diff-Quik (Harleco, Gibbstown,
NJ) for cytological examination. The liver specimens were
fixed 10% neutral buffered formalin for histopathological ex-
amination (Kerwin 1995).

Determination of hepatocyte-derived miRNA-122

Hepatocyte-derived miR-122 was analyzed according to
method represented by Li et al. (2012) and vanSteenbeek
et al. (2013). Briefly, RNAwas extracted from serum samples
according to kit instructions (RNeasy Mini Kit, Cat#74104,
QIAGEN, Germany).

Table 1 Oligonucleotide primers
utilized in SYBR Green real time
PCR for MiR-122

Gene Primer sequence(5′-3′) Reference

MiR-122 GCGAGCACAGAATTAATACGAC Li et al. (2012)
TGGAGTGTGACAATGGTGTTTG

GAPDH GTCCCCACCCCCAATGTATC vanSteenbeek et al. (2013)
CTCCGATGCCTGCTTCACTACCTT
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Quantitative PCR was performed using Quantitect SYBR
Green PCR Kit (Cat#204141, QIAGEN, Germany). SYBR
Green real-time PCR primers for miR-122 and dog GAPDH
are shown in Table 1. Conditions for SYBR Green Real-time
PCR are tabulated in Table 2. RNA gene expression variation in
different samples estimation based on determination of
Amplification curves and cycle threshold (CT) values
(Stratagene MX3005P software). The CT of each sample was
compared with that of the control group (Yuan et al. 2006).

Statistical analysis

All quantitative data of hematology and serum biochemistry
were presented as mean ± standard error. The comparison

between control and the diseased data was made using SPSS
statistic program version 16.0 (independent-samples T test).

Results

Clinical and hemato-biochemical findings

In examined patients, painless enlargement of multiple periph-
eral lymph nodes, congested colored mucous membranes no-
ticed on physical examination aswell asinappetance, weight loss
and depression were also recorded in diseased dogs (Plate 1).

Results of hemato-biochemical alterations are shown in
Table 3. for hematology, significant elevation in both Total

Table 2 Cycling conditions
Gene MiR-122

Temperature-time

GAPDH

Temperature-time
Steps

Reverse Transcription 50 °C-30 min. 50 °C -30 min.
Primary Denaturation 94 °C-5 min. 94 °C-5 min.
Amplification (40 cycles) Denaturation 94 °C-15 s. 94 °C-15 s.

Annealing (Optics on) 55 °C-30 s. 58 °C-30 s.
Extension 72 °C-30 s. 72 °C-30 s.

Dissociation curve (1 cycle) Denaturation 94 °C-1 min. 94 °C-1 min.
Annealing 55 °C-1 min. 58 °C-1 min.
Final denaturation 94 °C-1 min. 94 °C-1 min.

Plate 1 Fig. (1).Pit-bull dog with multicentric lymphoma involving liver
showing enlargement of superficial mandibular lymphnode. Fig. (2). Pit-
bull dog with multicentric lymphoma involving liver showing enlarge-
ment of superficial popliteal lymphnode. Fig. (3). Rottweiler dog with

multicentric lymphoma involving liver showing enlargement of superfi-
cial inguinal lymphnode. Fig. (4). Dog with multicentric lymphoma in-
volving liver showing weight loss
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leucocyte count and lymphocytes were noted in diseased dogs
compared to control data. For clinical biochemistry, signifi-
cant elevation in ALT, AST and ALP.

Abdominal ultrasonography, cytology and biopsy

Upon ultrasound examination,hypoechoic nodule interrupts
liver parenchymawas observed in affected dogs in association
with hypoechoic lymphoid aggregations at area of porta
hepatis (Plate 2). Upon examination of blood film, lympho-
blast cells were recorded. Cytology of enlarged lymph node
aspirate revealed lymphoblast cells, mitosis and presence of

lympho-glandular bodies. Cytology of hepatic smears obtain-
ed during US guided liver biopsy showed infiltration of liver
tissue by lymphoblast cells with cluster of vacuolated hepato-
cytes (Plate 3) and histopathology revealed diffuse infiltration
of hepatic sinusoids and portal area by uniform population of
small lymphocytes(X200)(Fig. 11).

Serum hepatocyte derived miR-122

The serum hepatocyte-derived miR-122 analysis revealed sig-
nificant increase as 9.00 fold change in canine multicentric lym-
phoma involving liver when compared to control data (Table 4).

Table 3 Hemato-biochemical
constituents of dogs with
multicentric lymphoma involving
liver

Parameter/unit Control group

(n = 8)

Canine multicentric lymphoma
involving liver group (n = 7)

RBCs count (106/μl) 6.67 ± 0.30 6.16 ± 0.30
PCV (%) 42.85 ± 1.74 38.27 ± 1.62
HB content (g/dl) 14.37 ± 0 .65 12.87 ± 0 .44
Platelets count (103/μl) 183.62 ± 6.17 175.00 ± 16.00
WBCs count (103/μl) 10.790 ± 0.79 27.68 ± 4.38**

MCV (fl) 64.61 ± 2.29 62.25 ± 0.77
MCH (pg) 21.61 ± 0.63 21.03 ± 0.74
MCHC (g/dl) 33.53 ± 0.76 33.63 ± 1.13
Lymphocyte(103/μl) 1.81 ± 0.08 15.17 ± 2.09***

Monocyte (103/μl) 1.35 ± 0.11 1.44 ± 0.26
Eosinophils (103/μl) 0.51 ± 0.06 0.46 ± 0.04
Basophils (103/μl) 0.00 ± 0.00 0.00 ± 0.00
Neutrophils (103/μl) 7.12 ± 0.10 10.61 ± 1.62
ALT(U/l) 21.33 ± 1.92 61.29 ± 3.71***

AST(U/l) 24.31 ± 1.51 49.67 ± 3.67***

ALP(U/l) 116.11 ± 5.84 251.73 ± 12.22***

GGT(U/l) 8.38 ± 0.12 8.93 ± 0.44
Total protein (g/dL) 6.07 ± 0.13 6.12 ± 0.09
Albumin (g/dL) 2.57 ± 0 .06 2.41 ± 0.05
Total bilirubin (mg/dL) 0 .18 ± 0.02 0 .18 ± 0.03
BUN(mg/dL) 10.13 ± 0 .49 11.65 ± 0.42
Cholestrol(mg/dL) 171.81 ± 26.33 167.66 ± 1.74
Triglyceride(mg/dL) 50.98 ± 5.87 52.29 ± 1.77
Glucose(mg/dL) 97.48 ± 1.09 100.92 ± 1.19

Data were presented as mean ± standard error. * P value ≤0.05, ** p ≤ 0.01, *** p ≤ 0.001

Plate 2 Fig. (5). Longitudinal scan of 3 –year’s old pit-bull dog with
multicentric lymphoma involving liver showing hypoechoic hepatic nod-
ule interrupt liver parenchyma. Fig. (6). Longitudinal scan of 3 –year’s

old Rottweiler dog with multicentric lymphoma involving liver showing
hypoechoic lymphoid aggregations at area of porta hepatis
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Discussion

With the longer life expectancy of dogs seen nowadays, the
prevalence of many conditions are on the rise, one of them is
canine cancer (Baek et al. 2009). lymphoma, a diverse sets of
neoplasm, originated mainly from lymphoid tissues (Grow
2015), comprises the most frequent malignancy in canines

(Ponce et al. 2010; Vezzali et al. 2010; Bienzle and Vernau
2011; Marconato 2011) with approximate estimate of 24% of
diagnosed canine neoplasm (Vail et al. 2013). When evaluating
liver cell status, the traditional and reliable laboratory test is to
estimate hepatic enzymes as its elevation in circulation indicate
hepatocytes membrane damage, however, this elevation is not
usually detected in metastatic liver tumors (Graham et al. 2003)

Fig. 11 Histopathology of liver tissue obtained by US-guided biopsy
from bit bull dog with multicentric lymphoma involving liver showing

diffuse infiltration of hepatic sinusoids and portal area by uniform popu-
lation of small lymphocytes(X200)

Plate 3 Fig. (7). Blood film of 3 years old bit bull dog with multicentric
lymphoma involving liver showing two lymphoblast cells. Fig. (8).
Cytology of enlarged lymph node aspirate from 3 years Rottweiler dog
with multicentric lymphoma involving liver showing lymphoblast cells.
Fig. (9). Cytology of enlarged lymph node aspirate from 3 years bit bull

dog with multicentric lymphoma involving liver showing lymphoblast
cells, mitosis (arrow) and lymphoglandular bodies. Fig. (10). Cytology
of liver tissue obtained by US-guided biopsy from 3 years old Rottweiler
dog with multicentric lymphoma involving liver showing the presence of
lymphoblast (arrow) with cluster of vaculated hepatocytes(X100)
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andfor this, the current study investigated hepatocyte-derived
miRNA-122 in dogs with multicentric lymphoma involving
liver as a recent biomarker for hepatic injury.

In this study, non specific signs were detected as
inappetance, weight loss, depression as well as painless en-
largement of various lymph nodes. Clinically, weight loss may
be related to inappetance for extended period of time with
depression, enlargement of lymph nodes is an expected find-
ing in canine lymphoma (Bienzle and Vernau 2011;
Marconato 2011; Mortier et al. 2012; Fulkerson 2016).
Classically, Canine multicentric lymphoma characteristics
are “non-painful enlargement of lymph nodes” associated
with absence of “systemic signs of illness” (Grow 2015).

Hematologic evaluation of these patients revealed
Leukocytosis and lymphocytosis. Zandvliet (2016) reported
that although normal leucocytes are occasionally found,
leucocytosis and leucopenia were also reported. Moreover,
in various reports dealing with the disease, leucocytosis ac-
companied by lymphocytosis were reported in 20% or 31.8%
of lymphoma cases (Vail and young 2007; Mortier et al.
2012). However, in other reports, leukocytosis detected in
21.95% of dogs with lymphoma (Thangapandiyan et al.
2013). Stage V multicentric lymphoma characterized by lym-
phocytosis (Avery and Avery 2007; Williams et al. 2008).

Elevation in ALT, AST and ALP were recorded in this study.
These elevations are evidence for hepatic injury (Graham et al.
2003). Liver parenchymal infiltration may manifest as elevation
in hepatic-specific enzymes (Vail 2017). These laboratory find-
ingswere supported by cytological findings. In this investigation,
vaculated hepatocytes present with liver tissue infiltration by
lymphoblast cells and these findings consistent with other reports
dealing with multicentric lymphoma involving liver (Weiss and
Moritz 2002; Stockhaus et al. 2004; French et al. 2007).

Ultrasonographically, hypoechoic lymphoid aggregations
at area of porta hepatis with well-circumscribed hypoechoic
areas interrupt liver parenchyma were detected. These find-
ings coinciding with previous researches (Mattoon and
Nyland 2015). Confirmation of diagnosis relies upon histo-
pathologic findings (Rothuizen et al. 2006). Diffuse infiltra-
tion of hepatic sinusoids and portal area by uniform popula-
tion of small lymphocytes by histopathology detected and
these alterations were recorded elsewhere (Cullen 2012).

Recently, the necessity to acquire comparatively non-
invasive and sensitive bio-markers for liver affections

and involvement evolved. One of these novel bio-
markers is “hepatocyte-derived microRNAs”, firm and
reliable indexes for human and animal liver injuries
and diseases (Laterza et al. 2009; Wang et al. 2009;
Zhang et al. 2010; Van der Meer et al. 2013). The
present study showed a significant elevation in serum
hepatocyte-derived miR-122 in dogs with multicentric
lymphoma involving liver. These findings come in ac-
cordance with human studies where serum miR- 122
level elevated due to hepatocellular injury of different
causes (Zhang et al. 2010; Cermelli et al. 2011; Starkey
Lewis et al. 2011; Van der Meer et al. 2013). Moreover,
in one study dealt with canine lymphoma, miRNA-122
were elevated (Dirksen et al. 2016a, b).

Few studies dealt with miRNAs expression in canine lym-
phoma, however, most of these studies either used formalin-
fixed paraffin embedded (FFPE) lymph nodes or cell lines
(Mortarino et al. 2010; Uhl et al. 2011; Albonico et al.
2013). These previously mentioned studies were operating
on a different set of miRNAs as they were investigating the
expression versus the disease per se. In this investigation, the
main question is whether multicentric lymphoma of Grade IV
could affect hepatocyte to degree at which miR-122 could be
expressed or not, hence the choice of miR-122 as it is most
determinant in hepatic affections (Dirksen et al. 2016a, b). The
ability to estimate it in serum is additional merit.

Elevation of serum miR-122 were recorded as 9.00 fold
change compared to elevation in specific hepatic enzymes
ALT and AST (elevations were threefold and twofold respec-
tively), these findings may support notion that miR-122 might
be more sensitive and specific indicator for hepatic injuries
detection (Oosthuyzen et al. 2018). Few papers are available
for changes in miR-122 in canine hepatic diseases (Dirksen
et al. 2016a, b). Though, in human medicine, this topic has
been extensively researched. In one human research, patients
with hepatitis C and normal aminotransferases showed high
elevation in miR-122 and these findings bolster the miR-
122value in detection hepatic affections even if the traditional
laboratory findings were within normal ranges (Van der Meer
et al. 2013). This study suggests that serum hepatocyte-
derived miR-122 might be used as a reliable, stable, non-in-
vasive, easily measurable diagnostic blood biomarker for the
sensing hepatic injuryin canine multicentric lymphoma with
hepatic involvement.

Table 4 Serum hepatocyte derived miRNA-122 expression of canine multicentric lymphoma involving liver group

Group GAPDH
CT

MiR-122
CT

ΔCT ΔΔCT Fold change
(2-ΔΔCT)

Control group (n = 8) 25.54 23.44 2.1 0 –

Canine multicentric lymphoma involving liver group (n = 7) 22.16 16.89 5.27 3.17 9.00

Bold number signify 9.00 fold upregulation in miR-122 in canine multicentric lymphoma involving liver group
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