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Background and PurposeAcute vertigo is a common presentation of inner ear disease. However, it can
also be caused by more serious conditions, especially posterior circulation stroke. Differentiation between these 2
conditions by clinical presentations and imaging studies during acute phase can be challenging. This study aims to
evaluate the serum microRNA profile and serum neuron specific enolase (NSE), S-100, and interleukin-6 (IL-6) level
as potential biomarkers to differentiate between patients with central vertigo due to cerebellar or brainstem infarction
and peripheral vertigo.Methodsin the discovery phase, miRNA expression profiling was performed by Nanostring
nCounter Technology in serum of patients with central vertigo due to cerebellar or brainstem infarction (n=3) and
peripheral vertigo (n=3) during acute phase within 72 hours after vertigo onset (day 0) and on day 90. MiRNAs that
expressed only in acute phase of patients with stroke were selected as potential candidates. Subsequent validation
was performed by quantitative reverse-transcription polymerase chain reaction (RT-gPCR) in the serum of patients
with posterior circulation stroke (n=23) and peripheral vertigo (n=35). The serum NSE, S100 and interleukin-6 (IL-6)
measurements were performed by electrochemiluminescence immunoassay (ECLIA).ResultsIn the discovery phase,
miR-342-3p, miR-376-3p, and miR-433-5p were identified by Nanostring nCounter Technology as potential biomarker
candidates. In subsequent validation phase, serum miR-433-5p was the only miRNA expressed at significantly high
levels in patients with central vertigo during acute phase (median (IQR) central: 92.13 (49.06-183.2) copies/uL vs.
peripheral: 53.45 (35.37-102.3) copies/uL, P=0.0056). Only miR-433-5p had discriminative ability to differentiate
between central and peripheral vertigo with area under the receiver operating characteristic curve (AUROC) of 0.71.
Using a serum miR-433-5p cut off at level >46 copies/pL, the sensitivity and specificity were 87% and 49%
respectively. Both S100 (central: 0.111 (0.049-0.335) ug/L vs. peripheral: 0.054 (0.039-0.082) ug/L, P=0.005), and
IL-6 central: 7.42 (4.23-14.47) pg/mL vs. peripheral: 2.44 (0.70-4.68) pg/mL, P< 0.001) had significantly higher level
in patients with central vertigo.ConclusionThis is the first study to demonstrate the potential of serum miR-433-5p as
a biomarker to differentiate between cerebellar or brainstem infarction and peripheral vertigo among patients with

acute vertigo.
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Chapter 1 Introduction

1.1 Background and rationale

Ischemic stroke is one of the leading causes of death and disability in
Thailand. The most effective way of managing acute ischemic stroke is based on an
early detection of symptoms as well as an accurate diagnosis. The thrombolytic
therapy for a patient with acute ischemic stroke requires time-dependent management
to help reduce morbidity and mortality. Patients with acute ischemic stroke have
variety of clinical presentations such as hemiparesis, facial weakness, dysarthria, and
aphasia.

Vertigo is one of the common presentations of ischemic stroke in cerebellum
or brainstem. Vertigo related stroke should be promptly evaluated and treated since it
is a life-threatening condition. The diagnosis of stroke in the cerebellum or brainstem
is problematic since it is, most of the time, difficult to differentiate between central
(brain lesion) and peripheral (inner ear lesion). History taking and physical
examination are usually limited due to patient’s vertiginous symptoms. Computed
tomography (CT) is not sensitive for diagnosis of cerebellar or brainstem disease.
Although magnetic resonance imaging (MRI) has higher sensitivity, initial diffusion-
weighted imaging done within 48 hours after onset can miss the infarction in 12% of
the patients (1).There are patients who presented with acute vertigo which require
extensive physical examination and investigation to differentiate between acute
vertigo due to acute ischemic stroke in brainstem or cerebellum and diseases of inner
ear such as benign paroxysmal positional vertigo (BPPV), Meniere’s disease, and
vestibular neuritis. Despite the patient’s history, extensive and specific physical
examination which should be performed and interpreted by an experienced physician,
as well as an investigation by neuroimaging either CT scan or MRI, the differentiation

between central and peripheral vertigo remain indistinguishable in many cases.
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Nowadays, there has been extensive research on biomarkers to help
diagnosing acute ischemic stroke. The objectives of using biomarkers for stroke
diagnosis include differentiating between ischemic stroke and hemorrhagic stroke,
differentiating between ischemic stroke and stroke mimics, and predicting clinical
outcome and prognosis. Most of previous studies focused on using protein known to
participate in stroke pathophysiology as stroke biomarkers. However, to date, there is
no known single protein biomarker that has good sensitivity and specificity enough to
help diagnose acute ischemic stroke. Following studies tend to use the combination
of proteins or protein panel to help increase the sensitivity and specificity. In addition
to protein biomarkers, there is an effort among researchers to identify a new source of
the biomarker.

MicroRNA (miRNA) is one of the small non-coding ribonucleic acid, which
regulates protein synthesis. Currently, biomarker studies have been focused on
miRNA and its potential to be a biomarker of various diseases such as cancers and
neurodegenerative diseases. Due to its stability in various body fluids and its property
of protein synthesis regulation, miRNA is one of the promising candidates in the field
of the biomarker. The study on miRNA profile from patients with central and peripheral
vertigo may result in the discovery of a new biomarker that can help differentiating
between two conditions. Identification of the new biomarker will help physicians who
are inexperienced with meticulous physical examination in vertigo patients make

diagnosis more confidently and accurately.
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1.2 Research Questions

Primary research question

Among patients who presented with acute vertigo at King Chulalongkorn
Memorial Hospital within 72 hours after onset, are the serum microRNA expression
profiles analyzed by NanoString nCounter Technology followed by quantitative
reverse transcription polymerase chain reaction from patients presented with acute
vertigo due to cerebellar/brainstem infarction different from patients with peripheral
vertigo by at least one miRNA?

Secondary research questions

1. Is the level of serum Neuron-Specific Enolase (NSE) from patients with acute vertigo
presented at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours after
onset due to cerebellar/brainstem infarction different from patients with peripheral
vertigo?

2. Is the level of S-100 from patients with acute vertigo presented at King
Chulalongkorn Memorial Hospital (KCMH) within 72 hours after onset due to
cerebellar/brainstem infarction different from patients with peripheral vertigo?

3. Is the level of serum Interleukin-6 (IL-6) from patients with acute vertigo presented
at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours after onset due
to cerebellar/bra instem infarction different from patients with peripheral vertigo?

4. Are the serum microRNA expression profiles analyzed by NanoString nCounter
Technology followed by quantitative reverse transcription polymerase chain

reaction in patients with acute vertigo due to cerebellar/brainstem infarction at
acute phase within 72 hours after onset different from serum microRNA expression

profiles at 3 months follow up by at least one miRNA?
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Are the serum microRNA expression profiles analyzed by NanoString nCounter
Technology followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo due to peripheral vertigo at acute phase
within 72 hours after onset different from serum microRNA expression profiles at 3

months follow up by at least one miRNA?

1.3 Objectives

1.

To compare the serum microRNA expression profiles from NanoString nCounter
Technology followed by quantitative reverse transcription polymerase chain
reaction-among acute vertigo patients due to cerebellar/brainstem infarction and
peripheral vertigo who presented at King Chulalongkorn Memorial Hospital
(KCMH) within 72 hours after onset.

To compare the level of serum Neuron-Specific Enolase (NSE) between patients
with acute vertigo due to cerebellar/brainstem infarction and peripheral vertigo
who presented at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours
after onset.

To compare the level of serum S-100 between patients with acute vertigo due to
cerebellar/brainstem infarction and peripheral vertigo who presented at King
Chulalongkorn Memorial Hospital (KCMH) within 72 hours after onset.

To compare the level of serum Interleukin-6 (IL-6) between patients with acute
vertigo due to cerebellar/brainstem infarction and peripheral vertigo who
presented at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours after
onset.

To compare the serum microRNA expression profiles from NanoString nCounter

Technology followed by quantitative reverse transcription polymerase chain
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reaction—among acute vertigo patients due to cerebellar/brainstem infarction
between acute phase within 72 hours after onset and at 3 months follow up.

6. To compare the serum microRNA expression profiles from NanoString nCounter
Technology followed by quantitative reverse transcription polymerase chain
reaction-among acute vertigo patients due to peripheral vertigo between acute

phase within 72 hours after onset and at 3 months follow up.

1.4 Hypothesis

Null Hypothesis

1. Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction from patients with acute vertigo presented at King Chulalongkorn
Memorial Hospital within 72 hours after onset due to cerebellar/brainstem
infarction are similar to serum microRNA expression profiles from patients with
peripheral vertigo.

2. The level of serum Neuron-Specific Enolase (NSE) from patients with acute vertigo
presented at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours after
onset due to cerebellar/brainstem infarction is similar to patients with peripheral
vertigo.

3. The level of serum S-100 from patients with acute vertigo presented at King
Chulalongkorn
Memorial Hospital (KCMH) within 72 hours after onset due to cerebellar/brainstem
infarction is similar to patients with peripheral vertigo.

4. The level of serum Interleukin-6 (IL-6) from patients with acute vertigo presented

at King
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Chulalongkorn Memorial Hospital (KCMH) within 72 hours after onset due to
cerebellar/brainstem infarction is similar to patients with peripheral vertigo.

5. Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo due to cerebellar/brainstem infarction at
acute phase within 72 hours are similar to serum microRNA expression profiles at
3 months follow up.

6. Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo due to peripheral vertigo at acute phase
within 72 hours are similar to serum microRNA expression profiles at 3 months
follow up.

Alternative Hypothesis

1. Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo presented at King Chulalongkorn Memorial
Hospital within 72 hours after onset due to cerebellar/brainstem infarction are
different from serum microRNA expression profiles in patients with peripheral
vertigo by at least one miRNA.

2. The level of serum Neuron-Specific Enolase (NSE) from patients with acute vertigo
presented at King Chulalongkorn Memorial Hospital (KCMH) within 72 hours after
onset due to cerebellar/brainstem infarction is different from patients with
peripheral vertigo.

3. The level of serum S-100 from patients with acute vertigo presented at King

Chulalongkorn
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Memorial Hospital (KCMH) within 72 hours after onset due to cerebellar/brainstem
infarction is different from patients with peripheral vertigo.

The level of serum Interleukin-6 (IL-6) from patients with acute vertigo presented
at King

Chulalongkorn Memorial Hospital (KCMH) within 72 hours after onset due to
cerebellar/brainstem infarction is different from patients with peripheral vertigo.
Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo due to cerebellar/brainstem infarction at
acute phase within 72 hours are different from serum microRNA expression
profiles at 3 months follow up by at least one miRNA.

Serum microRNA expression profiles analyzed by NanoString nCounter
Technology and followed by quantitative reverse transcription polymerase chain
reaction in patients with acute vertigo due to peripheral vertigo at acute phase
within 72 hours are different from serum microRNA expression profiles at 3 months

follow up by at least one miRNA.

1.5 Keywords

acute vertigo, cerebellar infarction, brainstem infarction, biomarker, microRNA

1.6 Operational definition

The operational definition of the etiology of acute vertigo is based on studies by

Kattah et al.(1) and Newman-Toker et al (2).

a.

Acute ischemic stroke due to cerebellar/brainstem infarction: The reference

standard diagnosis of acute ischemic stroke is the evidence of acute ischemic
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stroke by neuroimaging either CT scan or MRI with an evidence of acute ischemic
stroke involving cerebellum or brainstem relevant to the clinical findings (1, 2).

b. Peripheral vertigo: The reference standard diagnosis of peripheral vertigo is the

absence of evidence of acute ischemic stroke in cerebellum or brainstem by
neurologic signs on serial examination by a neurologist, lack of evidence of acute
ischemic stroke in neurocimaging study either CT scan or MRI, and characteristic
clinical course during the follow-up period (1, 2).

1.7 Conceptual Framework

The conceptual framework of this project is based on the different
pathophysiology between acute vertigo due to cerebellar or brainstem infarction and
inner ear disorder. Several factors both exogenous and endogenous also contributed to

miRNA expression(3).

Figure 1: Conceptual Framework
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1.8 Expected benefits and application
Acute vertigo is one of the common problems. Data from patient’s history,
physical examination, and neuroimaging sometimes cannot provide sufficient
information to help identify the cause of acute vertigo. New microRNA biomarker might

be discovered from this study which can be incorporate into the routine physical

examination.
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Chapter 2 Review of Literature

2.1 Incidence and disease burden of acute ischemic stroke

Acute stroke is one of the major public health problems. It is one of the leading
causes of death and disability in Thailand and worldwide. Seventy-five to eighty percent
of stroke is due to acute ischemic stroke (4). In Thailand, each year, 250,000 patients
suffered from acute stroke and 50,000 patients died of stroke(5). According to the data
from Thai Ministry of Public Health, stroke is the first leading cause of death. Regarding
the disease burden, it was rank the first in female and the third in male by disability-
adjusted life years (DALYs) (5). The prevalence of acute stroke in Thailand is 1.88%
among participants aged more than 45 years according to Thai Epidemiology Stroke

Study, TES (6).

2.2 Acute vertigo

Acute vertigo is one of the presenting symptoms of acute vestibular syndrome
which is described as rapid onset of acute vertigo, nausea/vomiting, gait unsteadiness,
head-motion intolerance and nystagmus (1, 7). Acute vertigo and dizziness are among
the most common symptoms that bring patients to the emergency department (8).
Approximately 10-20% of dizziness patients in emergency department have acute
vestibular syndrome (9). In 2011, there were 3.9 million emergency department visits for
the evaluation of vertigo and dizziness in the United States (10). It is estimated that
400,000-800,000 patients with acute vestibular syndrome visit emergency department
annually (9, 10). The most common causes of acute vertigo are peripheral causes due to
the inner ear diseases such as benign paroxysmal positional vertigo (BPPV), Meniere’s
disease, and vestibular neuritis (VN) (8, 11). Uncommon yet life-threatening is the central
cause of acute vertigo which is most commonly due to posterior circulation ischemic

stroke involving cerebellum or brainstem. Twenty to 25% of ischemic stroke involves in
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posterior circulation (12, 13). According to the New England Medical Center Posterior
Circulation Registry, 47% of patient with posterior circulation stroke experience dizziness
which is the most common symptom (14). Prevalence of ischemic stroke in acute vertigo
patient varies among studies which depends on definition used in the study. Stroke/TIA
was diagnosed in 3.2% of patients age > 44 years presented with vertigo, dizziness, and
imbalance according to a population-based study in Texas, United States (11). While a
study from Sweden revealed that 25% of patients aged between 50-75 years old who
presented with acute onset of isolated vertigo had acute ischemic stroke (15). There is no
definitive prevalence of acute ischemic stroke among acute vertigo patients, however, it
is estimated that 10-40% of acute vestibular syndrome is due to stroke (9). In addition to
dizziness or vertigo other neurological symptoms and signs usually present in patient with
posterior circulation stroke. However, isolated vestibular syndrome occurs in
approximately 25% of posterior circulation stroke (16). Cerebellum, inferior or superior
cerebellar peduncles, and caudal lateral or rostral dorsolateral medulla are among
common areas present with isolated vestibular syndrome (16). A single-center
retrospective study reported that 11% of patients with cerebellar infarction presented with
isolated vertigo, most commonly involving in the area supplied by medial posterior inferior
cerebellar artery (17). Although central vertigo is uncommon, the diagnosis of acute
vertigo result from ischemic stroke should not be missed. The undetected cerebellar

infarction as a cause of acute vertigo leads to an increase in mortality up to 8 folds (9).



22

2.3 Challenges in acute vertigo diagnosis
2.3.1 Clinical perspective

Patient’s history and physical examination are required to help identify the
cause of acute vertigo. Other neurological deficits such as hemiparesis, dysarthria, and
limb ataxia, in addition to acute vertigo, are important clinical clues which help
differentiate between central vertigo and peripheral vertigo. However, less than half of
patients with acute vestibular syndrome have other obvious neurological deficits (2).
Certain physical signs can distinguish vertigo from central and peripheral causes. In
peripheral vertigo, the nystagmus is unidirectional and horizontal pattern, whereas in
central vertigo, the direction of nystagmus is variable, gaze-evoked, spontaneous vertical
or pure torsional pattern (8). However, unilateral horizontal nystagmus found in peripheral
vertigo has been reported in cerebellar infarction (8, 15, 17). In addition to nystagmus,
head impulse test for vestibulo-ocular reflex evaluation, is one of the necessary bedside
evaluations to identify the cause of acute vertigo. In patients with acute vestibular neuritis,
corrective saccade will be presented when performing a rapid head turning toward the
side of the lesion, whereas in central vertigo, corrective saccade is absent (8). However,
corrective saccade on head impulse test could be demonstrated in central vertigo result
from anterior inferior cerebellar artery (AICA) infarction involving vestibular nucleus and
flocculus (17, 18). Skew deviation, which is vertical ocular misalignment detected by
alternate cover test, is consider to be a specific sign of central cause in patient with acute
vestibular syndrome (1, 19). Despite being specific for central vertigo, skew deviation was
found in a case report of patient with peripheral vestibulopathy (20).

Clinical manifestation of acute vertigo due to cerebellar or brainstem
infarction can mimic acute vestibular neuritis, hence the name “pseudo vestibular neuritis”
(2, 15, 17, 19). Acute stroke registry at Keimyung University Dongsan Medical Center

showed that 10.4% of patients with cerebellar infarction presented with clinical features
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suggesting vestibular neuritis (17). Therefore, diagnosis of acute vertigo has long been
challenging especially in emergency setting. It is estimated that 35% of posterior
circulation stroke presented with dizziness was misdiagnosed (1). Clinical signs of central
vertigo such as vertical nystagmus, direction-changing gaze-evoked nystagmus, and
severe postural instability have high specificity but low sensitivity for posterior circulation
stroke diagnosis (18). Normal head impulse test is the best predictor for stroke; however,
it is estimated that one out of ten strokes will be missed if other ocular findings are not
considered (1, 2). A combination of bedside physical examinations includes head impulse
test, nystagmus, and test of skew (HINTS) has been proposed to improve the diagnosis
of stroke in patients with acute vestibular syndrome (1). The presence of normal head
impulse test, direction-changing nystagmus, or skew deviation had 100% sensitivity and
96% specificity for diagnosis of stroke (1). Using HINTS for stroke diagnosis has higher
sensitivity than magnetic resonance imaging (MRI) which has 77%-88% sensitivity when
performed in first 24-48 hours after onset (1, 21). Further study adding acute hearing loss
to the diagnostic paradigm, “HINTS Plus”, help diagnose posterior circulation stroke with
false positive head impulse test due to ischemic stroke in AICA territory (22). Despite
promisingly high sensitivity and specificity for stroke diagnosis, HINTS has some
limitations. In the original study, HINTS was performed by an experienced neuro-
ophthalmologist who also used prism cross-cover test for ocular alignment. Therefore,
high sensitivity and specificity of the test may not be translated into practical clinical
setting where most of the acute vertigo patients were examined by general practitioner
and emergency physician. HINTS Plus is valuable in case of acute vestibular syndrome
patients presented with nystagmus. Head impulse test performed in patient without
nystagmus can be misleading due to normal examination (23, 24). Therefore, HINTS Plus

is not applicable to most of the patients with resolution of the vestibular symptoms (25). In
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addition to the limitation of the clinical signs, uncooperative patients due to severe

vertiginous symptoms might limit physical examination.

2.3.2 Neuroimaging perspective

Neuroimaging using either computed tomography (CT) scan or magnetic
resonance imaging (MRI) is an important investigation for acute ischemic stroke diagnosis
in order to differentiate between ischemic and hemorrhagic stroke. CT scan has lower
sensitivity for acute ischemic stroke diagnosis compare to MRI (16% vs. 83%) (26). In
addition, CT scan has low sensitivity for detecting acute ischemic stroke in the posterior
fossa due to bony artifacts from the skull base (27). Therefore, acute ischemic stroke
cannot be excluded when CT scan is normal in the patient presented with acute vertigo
(8). MRI has higher sensitivity compare to CT scan with sensitivity of 80-95% when
diffusion weighted image (DWI) is used within the first 24 hours (26, 28). Therefore, MRI
is preferred for diagnosis of acute ischemic stroke especially in the posterior circulation
(13). However, comparing with other brain regions, posterior fossa is the area where MR
has the lowest sensitivity (21). False negative MRI in ischemic stroke is not uncommon.
Posterior circulation had false negative MRI more often than in anterior circulation
ischemic stroke (19% vs. 2%) (21). When performing DWI within the first 24 hours, 31% of
patients with posterior circulation ischemic stroke had false negative MRI (21). Among
patients with acute vestibular syndrome, 12% had false negative MRl when performed
within the first 48 hours (1). Furthermore, in patients with isolated vestibular syndrome,
initial MRI with DWI was falsely negative in 17.6% of the patients during early phase (16).
False negative initial MRI performed within 48 hours after onset were more common in
patients with acute vestibular syndrome due to small stroke (< 10 mm. in axial diameter)
than large stroke (29). Low signal-to-noise ratio due to short time interval from onset to

scan, location and size of infarction, and magnetic susceptibility artifacts causing
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brainstem distortion are causes of false negative MRI (16). Thus, MRI can be normal in
posterior circulation stroke especially when the area of infarction is small (13). The
availability of MRl is another limitation when considering acute ischemic stroke diagnosis.

In several regional hospitals, MRI cannot be performed in the emergency department(8).

2.4 Biomarker and acute stroke

Due to several limitations from physical examination and neuroimaging,
biomarkers for acute ischemic stroke including proteins, nucleic acids such as RNA, and
metabolites have been studied extensively (30-32). There are several sources of
biomarker in neurological diseases such as serum or plasma, cerebrospinal fluid,
neuroimaging, and electroencephalogram. However, biomarkers acquired from
peripheral blood are convenient to collect in the emergency clinical setting. The objectives
of biomarker studies in acute ischemic stroke include confirmation of the diagnosis,
differentiation between acute stroke and other stroke mimics, differentiation between
ischemic and hemorrhagic stroke, assessment the severity of acute ischemic stroke,
determination the cause of acute ischemic stroke, and prediction of neurological outcome
with regards to early neurological deterioration and hemorrhagic transformation (32). In
early studies, most of the biomarkers are proteins known to be participated in stroke
pathophysiology. Protein biomarkers can be categorized into CNS tissue injury
biomarkers, inflammatory biomarkers, and coagulation/thrombosis biomarkers (31, 32).

NSE

Neuron-specific enolase (NSE), located mainly within neurons and cells of
neuroendocrine origin, is a dimeric isoenzyme of the glycolytic enzyme enolase (33, 34).
NSE was released after neuronal injury in various conditions including acute ischemic
stroke. Various studies have been done extensively on serum NSE level regarding its

correlation with time of stroke onset, stroke severity, and functional outcome(34). NSE level
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was found to be significantly increased as early as 4 hours after stroke onset (35) but the
level peaks 24 hours after onset (34). The level of NSE is significantly higher in stroke
patients and correlates with the volume of infarction (34). A study using serum sample
from patients in the National Institute of Neurological Disorders and Stroke (NINDS) tissue
plasminogen activator stroke study revealed that higher serum NSE level is associated
with higher National Institute of Health Stroke Scale (NIHSS) at baseline (33). NSE level
was also found to be correlated with NIHSS at 24 hours after thrombolytic treatment (36).
In a serial examination of serum NSE level, the second elevation of NSE peak was
associated with hemorrhagic transformation in patients with acute ischemic stroke (37).
S100

S100 is a cytosolic calcium-binding protein abundantly found in glial and
Schwann cells. The protein consists of homo- or hetero-dimers of two subunits, alpha and
beta. The combination of alpha-beta and beta-beta are known as S100B protein, which is
highly specific for nervous tissue (33, 38). S100 was known to be a marker of blood-brain
barrier dysfunction since it was released when there is structural damage to glial and
Schwann cells (38, 39). S100 level was significantly higher in stroke patients as early as 6
hours after stroke onset (40) and reached its peak level after 24 hours after onset (41).
The level of S100 was correlated with the volume of infarction (33, 41), stroke severity
measured by baseline NIHSS (33, 38, 42), and functional outcome (33). A prospective
study of 23 patients with MCA/M1 occlusion revealed that S100B value below 0.4 ug/ml
measured 48-96 hours after stroke onset was associated with early recanalization (<6
hours after onset) (43). Pre-thrombolytic S100B level from serum of patients with acute
ischemic stroke was found to be significantly higher in patients with hemorrhagic

transformation (39).
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IL-6

Interleukin-6 (IL-6) is a cytokine originally known to be a B cell differentiation
factor, which induced B cell to be antibody-producing cells (BSF-2). Besides its role in B
cell maturation, IL-6 also plays an important role in neurogenesis. Expression of IL-6 was
altered in several of neurological conditions including acute ischemic stroke (44).
Significant correlation was found between IL-6 level and infarction volume (45, 46). Clinical
outcome determined by NIHSS and modified Rankin scale (mRS) was positively correlated
with IL-6 level(45). Plasma IL-6 > 21.5 pg/ml was an independent factor for early clinical
worsening (47).

Currently, there is no single protein biomarker that can be used in clinical
setting for acute stroke diagnosis. This might be due to the heterogeneity of ischemic
stroke enrolled in the studies and low sensitivity and specificity of the proteins. The
combination of proteins or protein panel has been used in subsequent studies to help
increase the sensitivity and specificities of the protein biomarkers (30, 32). The “high
throughput screening” technology also facilitates the field of biomarker discovery to
screen for multiple biomarkers simultaneously (32). This new technology has been
adopted for not only protein biomarkers but also other types of biomarker including nucleic

acids and metabolites.

2.5 MicroRNA

MicroRNA (miRNA) is a small non-coding RNA containing 20-24 nucleotides. It
plays a critical role in the regulation of protein synthesis via the epigenetic process.
MicroRNA inhibits protein synthesis by enhancing messenger RNA (mRNA) degradation
and inhibiting of mMRNA translation. These processes result in a reduction in protein
synthesis (48-50). MicroRNA was synthesized in the nucleus. “Primary miRNA” (pri-

miRNA), containing thousands of nucleotides with stem-loop, was the first product from
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deoxyribonucleic acid (DNA) transcription via RNA polymerase Il. Drosha (ribonuclease
[ll) then cleave the stem loop into “precursor miRNA” (pre-miRNA). The pre-miRNA was
export from the nucleus to the cytoplasm by exportin-5 protein and cleaved by Dicer
(ribonuclease Il) and TAR RNA-binding protein to form “mature miRNA” (49, 50). In protein
synthesis regulation, mMiRNA and RNA-induce silencing complex (RISC) together bind the
target mMRNA which leads to miRNA destabilization and inhibition of mMRNA translation(49).
Regulation of protein synthesis by miRNA plays a critical role in various fundamental

biological processes including cell growth, cell differentiation, and cell death (51).

2.5.1 miRNA as biomarker

MicroRNA has several properties essential for the biomarker. MicroRNA can
be collected noninvasively due to its stability in various body fluids including plasma,
serum, saliva, and urine. The biological stage and organ-specific properties of miRNA
also contribute to its potential as a biomarker (51, 52). Currently, miRNA has been studied
as a biomarker for several diseases. In the cardiovascular system, miRNA-499 has been
studied for the diagnosis of myocardial infarction (53). Mir-122 and mir-192, liver-specific
miRNAs, were studied as biomarkers of drug-induced liver injury (54). MiRNA has also
been studied in hematologic malignancy as a diagnostic biomarker of diffuse large B-cell
lymphoma (55). In neurodegenerative diseases, miRNA was known to be involved in the
pathophysiology of Alzheimer’s disease including amyloid deposition, inflammation, and
neuronal injury. Alteration in miRNA expression in the midbrain of an animal model of
Parkinson’s disease was also demonstrated in a preclinical study (56). MicroRNA-4639
was shown to be up-regulated in Parkinson’s disease patients and has the potential to be

early diagnostic biomarker for Parkinson’s disease (57).
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2.5.2 miRNA as stroke biomarker

Due to the advancement in biological technology, biomarker has become a
potential alternative diagnostic tool for stroke diagnosis. Due to miRNA properties as
previously mentioned, many studies have been focus on miRNA as stroke biomarker.
These studies acquired miRNA from different sources and had a different method of
miRNA analysis.

1. miRNA analysis by RNA sequencing and selective quantitative PCR

In 2017, Tiedt et al. identified circulating microRNAs in plasma associated
with acute ischemic stroke. RNA sequencing was used in the discovery phase including
20 patients with ischemic stroke and 20 matched healthy control subjects. Quantitative
PCR was applied in the validation (40 patients with ischemic stroke and 40 matched
controls) and replication phases (200 patients with ischemic stroke and 100 healthy
controls). MiR-125a-5p, miR-125b-5p, and miR-143-3p were found to be upregulated in
patients with ischemic stroke compare with both healthy controls and patients with
transient ischemic attack. A temporal profile study up to 90 days after stroke revealed
normalization of miR-125b-5p and miR-143-3p to control level at day 2 after stroke (58).

2. miRNA analysis by miRNA microarray and selective quantitative PCR

2.1) Whole blood as a source of miRNA
The first study on miRNA as stroke biomarker was done in 2009 by Tan et al.
This prospective case-control study enrolled 19 ischemic stroke patients aged between
18-49 years old. Blood samples were collected from stroke patients within 6-18 months
after onset. MiRNA expression profile from ischemic stroke patients were compared to 5
healthy control subjects. In this study, ischemic stroke etiology classified by TOAST
classification including large vessel atherosclerosis, small vessel disease, cardioembolic,

and undetermined were correlated with miRNA expression profile. MiRNA was extracted
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from whole blood and miRNA expression was done by miRNA microarray followed by
quantitative polymerase chain reaction (qQPCR). In miRNA microarray, 157 miRNAs from
836 miRNAs presented on the array chip were found to be regulated differently between
stroke and control samples. Among 157 dysregulated miRNAs, 138 miRNAs were
upregulated (fold change>1.0), and 19 miRNAs were down-regulated (fold change <1.0)
in stroke patients. Among these, 17 miRNAs were up regulated and 8 miRNAs were down
regulated across 3 stroke subtypes including large vessel atherosclerosis, small vessel
disease, and cardioembolic. These observed miRNAs were known to be involved in the
hypoxic response, endothelial function, neural function, and angiogenesis. Besides,
miRNA expression among stroke due to large vessel atherosclerosis was found to be
different from that in small vessel disease (59).

In 2014, Sepramaniam et al. conducted a prospective case-control study. In
this study, the miRNA expression profiles from 169 patients with acute ischemic stroke
were compared to 24 controls with risk factors for acute ischemic stroke. Venous blood
samples were obtained at day 1,2, and 7 after stroke onset. For the recovery period, blood
samples were obtained from patients at outpatient clinic 2 months to 2 years after stroke
onset. MiRNA was isolated from peripheral blood sample. Using TagMan Low-Density
Array (TLDA) and selective gPCR, 5 miRNAs including miR-125b-2*, -27a*, -422a, -488,
and -627 were found to be changed consistently in acute stroke patients regardless of
age, severity, and risk factors. MiRNA expression patterns also found to be different
between disease time course at acute phase (within 7 days after onset), 6 and 24 months
recovery phases (60).

In 2014, a prospective case-control study by Jickling et al. evaluated the
miRNA expression profiles in peripheral blood cells from 24 patients with acute ischemic
stroke and compared to 24 vascular risk factor controls. Venous blood samples were

obtained within 72 hours after stroke onset. Using Affymetrix Gene Chip miRNA 3.0 array



31

followed by selective gPCR, 6 miRNAs were down-regulated including miR-122, miR-
148a, let-7i, miR-19a, miR-320d, and miR-4429. Two miRNAs were up-regulated including
miR-363 and miR-487b. These miRNAs were known to be involved in stroke
pathophysiology via different pathways such as  NF- KB signaling, Toll-like receptor
signaling, interleukin signaling, and prothrombin activation pathway (61).
2.2) Plasma as a source for miRNA

A prospective case-control study by Wang et al. in 2014, enrolled total 136
ischemic stroke patients both MRI negative (n=60) and MRI positive (n=76) and 116
healthy controls. Blood samples were collected within 24 hours after stroke onset. MiRNAs
were isolated from plasma. Using Agilent miRNA microarray system, 17 miRNAs were up
regulated and 103 miRNAs were down regulated in MRI negative compare to MRI positive
ischemic stroke patients. Thirty-three miRNAs were up regulated and 36 miRNAs were
down regulated among MRI positive ischemic stroke patients compare to healthy control
subjects. 105 miRNAs were up regulated and 37 miRNAs were down regulated among
healthy control subjects compare to MRI negative ischemic stroke patients. Among these
dysregulated miRNAs, 17 miRNAs candidates were obtained and confirmed by gPCR
assay. Among 17 miRNAs candidates, hsa-miR-106b-5P and hsa-miR-4306 were
significantly higher in acute stroke patients in a stepwise pattern among MRI negative and
MRI positive ischemic stroke patients respectively, whereas hsa-miR320e and hsa-miR-
320d were significantly and gradually lower than healthy controls among MRI negative
and MRI positive ischemic stroke patients respectively (62).

2.3) Serum as a source for miRNA

In 2014, Li et al. evaluated miRNAs expression in serum of ischemic stroke
patients. Pooled serum (10 serums per group) of 5 groups of patients including 1.)
thrombotic stroke and hypertension, 2.) thrombotic stroke, hypertension, and

hyperlidipemia, 3.) embolic stroke and heart disease, 4.) embolic stroke, hypertension,
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and heart diseae, 5.) healthy control were studied in initial screening stage using miRNA
microarray. Six miRNAs candidates were validated in 53 patients with ischemic stroke and
50 controls. MiR-32-3p, miR-106-5p, and miR-1246 were significantly increased in serum
of ischemic stroke patients compared with control group (63).

3. miRNA analysis by quantitative PCR

3.1) Whole blood as a source of miRNA

In 2011, Zeng et al. examined the miR-210 expression profile, which is a
master and pleiotropic hypoxia miRNA. This prospective case-control study enrolled 112
ischemic stroke patients and 60 healthy controls. The miRNA-210 expressions were
measure at 3, 7, and 14 days after stroke using gPCR. MiRNA-210 was found to be
significantly decreased in acute stroke patients compare to healthy controls especially at
day 7 and day 14 after onset. The miR-210 level was also found to be significantly higher
in acute stroke patients with good outcome measured by modified Rankin score <2 (64).

In 2012, a prospective case-control study by Gan et al., enrolled 32 ischemic
stroke patients aged between 18-49 years old and 14 healthy controls. The miRNA-145
expression, which is a modulator of smooth muscle cell phenotype regarding the
oscillating state, was evaluated. A vascular smooth muscle cell has plasticity and can
adapt its phenotype in response to extrinsic stimuli. Using quantitative PCR, miRNA-145
expression in acute ischemic stroke patients is significantly higher than healthy control

subjects (65).

3.2) Plasma as a source for miRNA
In 2013, Long et al. enrolled 197 ischemic stroke patients and 50 healthy
controls in a prospective case-control study. The plasma miRNA-30a, miR-126 and let-7b
expression in patients with acute ischemic stroke at 24 hours, 1 weeks, 4 weeks, 24 weeks,

and 48 weeks after ischemic stroke onset were evaluated using gPCR. Regardless of
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stroke etiology, miR-30a and miR-126 were markedly down regulated after acute ischemic
stroke until 24 weeks. In patients with large vessel atherosclerosis, the let-7b level was
lower than healthy volunteers whereas in among patient with stroke due to other etiology,
the let-7b level was higher than healthy controls (66).

In 2017, Jin et al. evaluated 28 pro-angiogenic and anti-angiogenic miRNAs
in patients with acute ischemic stroke compared with controls. Ten ischemic stroke
patients and 10 controls were included in the exploring phase followed by validation in
106 stroke patients and 110 controls. Quantitative PCR was used for plasma level miRNAs
evaluation. MiR-222, miR-218, and miR-185 plasma levels were elevated in patient with
acute ischemic stroke. In addition, miR-126, miR-130a, miR-222, miR-218, and miR-185
were independent predicting factors for acute ischemic stroke in univariate and
multivariate logistic regression analysis. A combination of these 5 miRNAs revealed good
diagnostic value with an area under curve (AUC) value of 0.767 (95% CI 0.705-0.829),

sensitivity of 87.7% and specificity of 54.5% (67).

3.3) Serum as a source for miRNA

Serum expression levels of miR-15a, miR-16, and miR-17-5p in 106 patients
with acute ischemic stroke and 120 healthy controls were evaluated by Wu et al. in 2015.
The serum expression levels of miR-15a, miR-16, miR-17-5p increased by 8.3, 42, and
9.9 fold respectively in patients with acute ischemic stroke compared to healthy controls.
In addition, serum miR-17-5p level was an independent predictor for the presence of
acute ischemic stroke in the multivariate logistic regression (68).

In 2015, Jia et al. evaluated 9 previously reported stroke-associated miRNAs
in serum of 146 acute ischemic stroke patients and 96 healthy controls by using gPCR. In
addition, plasma level of high-sensitivity C-reactive protein (hs-CRP) and serum

interleukin-6 (IL-6) were measured by enzyme-linked immunosorbent assay. Serum miR-
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145 was significantly upregulated within 24 hours after ischemic stroke. There was a
strong positive correlation between serum miR-145 and hs-CRP and a moderate
correlation between serum miR-145 and IL-6 (69).

The expressions of 17 previously reported stroke-associated miRNAs in
serum of acute ischemic stroke patients and controls were evaluated by Chen et al in
2018. Serum miR-146b was significantly increased in stroke patients compared with
controls. In addition, serum miR-146b had strong positive correlation with plasma hs-CRP,

infarct volume, and NIHSS and moderate positive correlation with serum 1L-6 (70).
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MIRNA analysis Study design Number of Number of Comparison Sample Results
Methodology Case Control Source
RNA sequencing and
selective qPCR
Tiedt et al., 2017 Prospective case-  screen:20 screen:20 Ischemic stroke Plasma miR-125b-5p, miR-143-3p significantly
control study validation:40 | validation:40 patient vs. healthy up regulated in acute stroke patients
replication:200 | replication:100  control and normalized after day 2
miR-125a-5p up regulated in acute
stroke patients up to 90 days
miRNA microarray and
selective gPCR
Tan et al., 2009 Prospective case- 19 5 Stroke in the young ~ Whole blood | 17 miRNAs => up regulated
control study patient vs. healthy 8 miRNAs => down regulated
control across J siroke subtypes
Sepramaniam et al., Prospective case- 169 24 | Ischemic stroke Whole blood ' 5 miRNAs consistently changed in
2014 control study patient vs. Risk stroke patients regardless of age,
factors for ischemic severity, risk factors
stroke control
Jickling et al., 2014 Prospective case- 24 24  Ischemic stroke Whole blood = 6 miRNAs == up regulated
control study patient vs. risk factors 2 miRNAs => down regulated
for ischemic stroke in stroke patients
control
Wang et al., 2014 Prospective case- 136 116 | Ischemic stroke Plasma 17 miRNAs candidates
control study patient vs. healthy hsa-miR-106b-5P,-4306 => up
control regulated in stroke patients
hsa-moR-320e,-320d == down
regulated in stroke patients
Lietal, 2015 Prospective case- 53 50  Ischemic stroke Serum serum miR-32-3p, miR-106-5p,
control study patient vs. healthy miR-1246 were significantly increased
control in ischemic stroke patients.
Quantitative PCR
Zeng et al., 2011 Prospective case- 112 60 Ischemic stroke Whole blood miRNA-210 significantly decreased in
control study patient vs. healthy stroke patients
control
Gan et al., 2012 Prospective case- 32 14 | Ischemic stroke Whole blood  miRNA-145 significantly increased in
control study patient vs. healthy stroke patients
control
Long et al., 2014 Prospective case- 197 50  Ischemic stroke Plasma miR-30a, miR-126 => down regulated
control study patient vs. healthy in stroke patients
control let-7b => down regulated in large
vessel atherosclerosis
let-7b == up regulated in other aetiology
Jinetal, 2017 Prospective case-  screen:10 screen:10 Ischemic stroke Plasma plasma miR-222, miR-218, and
control study validate:106 | validate:110 patient vs. healthy miR-185 levels were significantly
control increased in ischemic stroke patients
Wu et al., 2015 Prospective case- 105 121 | Ischemic stroke Serum serum miR-15a, miR-16, and
control study patient vs. healthy miR-17-5p levels were significantly
control increased in ischemic stroke patients
Jiaetal, 2015 Prospective case-  screen:30 screen:30 Ischemic stroke Serum serum miR-145 was significantly
control study validate:146 | validate:96 patient vs. healthy increased in ischemic stroke patients
control
Chen et al.,2018 Prospective case-  screen:30 screen:30 Ischemic stroke Serum serum miR-146b was significantly
control study validate:128 | validate:102 patient vs. healthy increased in ischemic stroke patients

control
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As reviewed above, different body fluids were used as miRNA sources. Using
different miRNA source may result in different miRNA expression profile. Consensus on
optimal sample source is still lacking. A study by Shah et al. from 2,391 individuals
revealed that miRNA from plasma has a discordant expression from that of whole blood
(71). Wang et al. compare miRNA concentration between that from serum and plasma.
Higher miRNA concentration was observed from serum samples compare to plasma

samples. This may be in part due to the coagulation process (72).

2.5.3 Potential miRNA candidates as stroke biomarker

Several miRNAs had been studied as potential biomarker for diagnosis of
acute stroke using different sources of miRNAs and different miRNA detection techniques.
Among several studies, there are some potential miRNA candidates that had been
replicated with subsequent study or had been studied through several cohorts in the
discovery phase and validation phase. In 2011, Weng et al. identified tissue-specific
miRNA by using miRNA microarray to evaluate the miRNA expression among various
tissues. Among miRNAs significantly detected in the cerebrum and cerebellum,
hierarchical clustering analysis revealed that there were 13 miRNAs specific to brain
tissue. Among these, miR-124 showed the highest signal on the subsequent validation by
gPCR. In addition, miR-124 was detected exclusively in brain tissue with the strongest
signal from the cerebellum. In rat model of middle cerebral artery occlusion, plasma
concentration of miR-124 was significantly increased in animal model compared to sham-
operated group (73). In subsequent study, Ji et al. evaluated the serum exosomal miR-
124 among patients with acute ischemic stroke. Serum exosomal miR-124 were
significantly increased among acute ischemic stroke patients. In addition, there were
significant correlations between serum exosomal miR-124 level and NIHSS score and the

infarct volume (74).
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Using RNA sequencing in the discovery phase of 20 ischemic stroke patients
and 20 healthy controls, Tiedt et al. identified 4 miRNAs upregulated among stroke
patients. Subsequent validation by gPCR performed in 40 ischemic stroke patients and
40 healthy controls, 3 out of 4 miRNAs including miR-143-3p, miR-125b-5p, and miR-125a-
5p were significantly upregulated among ischemic stroke patients. The replication study
consisted of 200 ischemic stroke patients 100 healthy controls, and 72 TIA patients
revealed consistent result of significantly high expression levels of all 3 miRNAs among
stroke patients. In longitudinal analysis using generalized linear mixed model, miR-125b-
5p and miR-143-3p were associated with stroke severity assessed by NIHSS. However,
there was no significant correlation between the miRNA expression levels and the infarct

volume (58).

2.6 NanoString nCounter Technology

NanoString nCounter Technology is the novel gene expression analysis
platform. The technology is based on high-throughput multiplex, fluorescence-based
digital hybridization which assess gene expression up to 800 genes simultaneously. The
system using molecular barcode chemistry consists of gene-specific molecular barcode
reporter probes and biotin-labeled capture probes. The CodeSet probes including
reporter and capture probes can be designed to hybridize RNA or DNA. After an overnight
hybridization, the molecular barcodes are quantify by direct counting using automated
digital analyzer. The counts represent the gene expression within the sample. This
technology has major advantage including no requirement of library preparation and
amplification, by which bias can be introduced. In addition, the technique can be applied
in variety of specimens such as formalin-fixed tissues, cell lysates, and biological fluid
samples (75, 76). This technique demonstrated higher sensitivity compared to microarray

and similar sensitivity when compared to real-time PCR (76).
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To date, miRNA expression analysis in acute stroke by NanoString nCounter
Technology has not been studied. This technique is a promising tool for miRNA biomarker
discovery. Since there are several problems regarding both physical examination and
neuroimaging in patients with acute vertigo as previously mentioned, the discovery of
biomarker to help diagnose this condition would be valuable to both physicians and the

patients.
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Chapter 3 Research Methodology

3.1 Research design

This is a prospective longitudinal study. The study was approved by the
Institutional Review Board of the Faculty of Medicine, Chulalongkorn University (IRB No.

461/2560).

3.2 Research methodology

Population

Patients presented at King Chulalongkorn Memorial Hospital with acute
vertigo

Target population

Patients presented at King Chulalongkorn Memorial Hospital with acute
vertigo within 72 hours after onset.

Inclusion criteria

1. Age 2 45 years old

2. Clinical of acute vertigo including vertiginous symptoms with sense of
spinning and imbalance.

3. Presented at King Chulalongkorn Memorial Hospital within 72 hours after
onset of vertigo

Exclusion criteria

1. Alteration of consciousness

2. Body temperature > 38 Celsius

3. White blood cell count > 15,000 cell/uL

4. Abnormal renal function defined by serum creatinine > 2 mg/d|

5. Abnormal liver function defined by elevated liver enzyme > 3 fold of upper

normal limit or cirrhosis
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6. History of known active malignancy

7. History of autoimmune disease such as systemic lupus erythematosus,
rheumatoid arthritis

8. Concurrent intracranial pathology other than acute ischemic stroke such
as brain tumor, intracerebral hemorrhage

Observation and measurement

1. Neurological and otolaryngological examination were performed by a
neurological resident or certified board neurologist and otolaryngological
resident or certified board otolaryngologist respectively at King
Chulalongkorn Memorial Hospital.

2. Ischemic stroke severity was measured by National Institute of Health
Stroke Scale (NIHSS) and assessed by a trained physician.

3. Neuroimaging (computed tomography or magnetic resonance imaging)
was done within 1 week after onset of vertigo

4. Blood sample was taken within 72 hours after onset of vertigo. Serum was
isolated for microRNA and protein analysis.

5. Screening for miRNAs candidates was performed by nCounter” miRNA
expression assay (NanoString® technologies, Seattle, WA). The miRNAs
candidates were validated by quantitative polymerase chain reaction
(gPCR).

6. Serum NSE, S-100, IL-6 were measured by electrochemiluminescence
technique using Cobas® 6000 analyzer series (Roche Diagnostics,

Mannheim, Germany).



41

3.3 Research maneuver

3.3.1 Clinical procedures

® [afient screening

1. History taking and physical examination will be done on patient presented with
acute vertigo at King Chulalongkorn Memorial Hospital.

2. Patient will be screened for inclusion and exclusion criteria prior to enrollment in
the project.

3. Research project information will be explained to the patient and his/her relatives.
The patient and his/her relatives are able to ask the investigator regarding the
project detail. The decision on participating in the research project is voluntary
and withdrawal of the consent can be done at any time.

® Diagnosis of acute vertigo

a. Central vertigo

B Acute ischemic stroke due to cerebellar/brainstem infarction will

be diagnosed by a presence of an episode of neurological
dysfunction caused by focal cerebral infarction based on clinical
evidence of persisting symptoms more than 24 hours or imaging
evidence of cerebral infarction in a defined vascular distribution
(77).

b. Peripheral vertigo

®  Benign Paroxysmal Positional Vertigo (BPPV) will be diagnosed

according to the Consensus document of the Committee for the
Classification of Vestibular Disorders of the Barany Society (78).
The definite diagnosis of BPPV requires the observation of a canal-
specific positional nystagmus following the diagnostic positional

maneuvers.
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a) Canalolithiasis of the posterior canal: a combination of
torsional nystagmus with the upper pole of the eyes
beating toward the lower ear combined with vertical
upbeating nystagmus typically lasting < 1 minute elicited
by the Dix-Hallpike or Semont diagnostic maneuver.

b) Canalolithiasis of the horizontal canal: Geotropic direction
changing horizontal nystagmus lasting < 1 minute elicited
by the supine role test. Apogeotropic direction changing
horizontal nystagmus may be observed when otoconia are
located close to the cupula.

c) Cupulolithiasis of the horizontal canal: Apogeotropic
direction- changing nystagmus lasting > 1 minute elicited
by the supine roll test.

d) Canalolithiasis of the anterior canal: Positional nystagmus
predominantly vertically downbeat lasting < 1 minute
elicited by the Dix-Hallpike maneuver or the supine
straight head-hanging position.

The diagnostic criteria of BPPV also require the recurrent attacks
of positional vertigo or dizziness provoked by lying down or
turning over in the supine position. In addition, the exclusion other
disorder is necessary especially in a patient with direction-
changing apogeotropic positional nystagmus which can be

attributed to CNS disorder (78).

®  Meniere’s disease will be diagnosed according to the diagnostic

criteria for Meniere’s disease published in 2015 by the joint
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committee from the Classification Committee of the Barany

Society, the Japan Society for Equilibrium Research, the European

Academy of Otology and Neurotology (EAONO), the Equilibrium

Committee of the American Academy of Otolaryngology-Head and

Neck Surgery (AAO-HNS), and the Korean Balance Society (79).

The definite diagnosis of Meniere’s disease requires

a)

Two or more spontaneous episodes of vertigo, each lasting

20 minutes to 12 hours.

b) Audiometrically documented low- to medium- frequency

d)

sensorineural hearing loss in one ear before, during, or
after one of the episodes of vertigo.

Fluctuating aural symptoms including hearing, tinnitus, or
fullness in the affected ear.

Not better accounted for by another vestibular diagnosis.

®  Vestibular neuritis is a diagnosis of exclusion and no confirmatory

diagnostic tests are available (80). The diagnosis was primarily

clinical based with the diagnostic hallmarks including (80)

a)

Spontaneous horizontal-torsional nystagmus beating away
from the lesion side.

Abnormal head impulse test for the involved semicircular
canal

Ipsilesional caloric paresis

Decreased responses of vestibular-evoked myogenic
potentials during stimulation of the affected ear
Ipsiversive ocular tilt reaction and ipsiversive tilt of the

subjective visual vertical/horizontal
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f)  Unsteadiness with a falling tendency toward the lesion side
® Data and specimen collection
1. Patient’s data regarding history, physical examination, and investigation will be a
recorded in the case record form.
2. Venous blood 8 ml will be obtained and collected in two blood collection tubes
containing clot activator (Red cap, vacuette®). Each blood collection tube contains
4 ml of venous blood. One tube will be used in microRNA analysis; the other will
be used for serum NSE, S-100, and IL-6 assay. The blood collection in acute phase
will be done in acute phase within 72 hours after onset of vertigo at day 0, and day
90 after enroliment.
3. Serum isolation
a. Leave blood collection tube at room temperature for 30 min-1hour for
complete coagulation
b. Centrifuge tube for 15 minutes at 1000g, 4 °C
c. Transfer upper serum phase to new tube
d. Centrifuge serum collected previously for 15 minutes at 2500g, 4 °C to
remove residual debris
e. Transfer cleared supernatant to a new tube without disturbing the pellet.
f.  Store serum in 1.5 ml tube at -80 °C until used in MIRNA and protein
analysis
® f[ollow-up visit at 3 month
The patients enrolled in the studies will have the follow-up visit scheduled
at 3 months after acute vertigo onset both cerebellar infarction and peripheral

vertigo group. Data will be collected in the case record form. The serum collection
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for miRNA analysis and protein biomarker, miRNA isolation protocol, and miRNA
sequencing will be similar to that described previously in acute onset vertigo.
3.3.2 Laboratory procedures
® MIRNA isolation
1. Thaw 200 pl of frozen serum.
2. microRNA isolation protocol from serum using Geneaid” miRNA isolation kit is as
follows:
a. Add 200 pl of Lysis Buffer to 200 ul of serum, then vortex vigorously and
incubate at room temperature for 10 minutes
b. Add 20 pl of Mi Buffer and 180 pl of double-distilled water (ddH,O)
saturated phenol and 40 pl of chloroform.
c. Vortex vigorously for 2 minutes then centrifuge at 14,000 g for 3 minutes.
d. Transfer the upper phase to 1.5 ml microcentrifuge tube.
e. Add 35% volume of absolute ethanol to upper phase and mix well.
f. Place a RNA Column in a 2 ml Collection Tube and transfer the ethanol-
added mixture to the RNA Column.
g. Incubate for 1 minute at room temperature then centrifuge at 14,000 g for
30 seconds.
h. Transfer the filtrate to a new 1.5 ml microcentrifuge tube.
i. Adda 70% volume of absolute ethanol to the filtrate and mix well.
j. Place a new RNA Column in a 2 ml Collection Tube and transfer the mixture
to the RNA Column.
k. Incubate for 1 minute at room temperature then centrifuge at 14,000 g for
30 seconds to allow the miRNA to bind to the RNA Column membrane.
[.  Add 200 ul of Wash Buffer to the RNA Column and incubate for 1 minute

at room temperature.
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m. Centrifuge at 14,000 g for 1 minute to completely remove the liquid residue.
n. Add 30 pl of pre-heated at 65°C into the center of RNA Column and
incubate at room temperature for 3 minutes.
0. Centrifuge at 14,000 g for 3 minutes to recover the miRNA.
® MIRNA expression assay
The serum miRNA expression profile was performed using nCounter”

miRNA expression assay as per the following protocol.

1. Day 1: miRNA sample preparation

a. Normalize RNA samples to 33 ng/pL using RNAse-free water.

b. Prepare a 1:500 dilution of the miRNA Assay Controls by adding 499 uL
of DEPC water to 1 pL of the miRNA Assay Controls in a sterile
microcentrifuge tube. Mix by vortexing and briefly spin down. Store on ice.

c. Prepare an annealing master mix by combining 13 uL of Annealing buffer,
26 pL of nCounter” miRNA Tag Reagent and 6.5 L of the 1:500 miRNA
Assay Controls dilution prepared in step b. Mix well by pipetting up and
down.

d. Aliquot 3.5 pL of the annealing master mix into each tube of a 12*0.2 mL
strip tube.

e. Add 3 pL (100 ng) of RNA sample to each tube. Cap tubes and flick tubes
gently to mix. Spin down.

f.  Place strip in the thermocycler and initiate Annealing Protocol (Table 2)
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Table 2: Annealing Protocol for nCounter® miRNA expression assay

Temperature Time
94 °C 1 min
65 °C 2 min
45 °C 10 min
48 °C Hold
Total time 13 min

g. Combine 19.5 yL PEG and 13 pL Ligation Buffer to prepare a ligation
master mix.

h. Following the completion of the Annealing Protocol, when the
thermocycler has reached 48 °C, add 2.5 uL of the ligation master mix to
each tube. Flick tubes gently and spin down.

i. Return tubes to 48 °C thermocycler, close lid, and incubate for 5 minutes

j. Open thermocycler, remove caps from tubes, leaving strip tube in place
in the heat block, and add 1.0 pL of Ligase directly to each tube while
incubating at 48 °C. Check the pipette tip to make certain all of the ligase
was added to the reaction.

k. Immediately after addition of Ligase to the final tube, recap tubes, close

the thermocycler, and initiate Ligation protocol (Table 3).
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Table 3: Ligation Protocol for nCounter® miRNA expression assay

48 °C

47 °C

46 °C

45 °C

65 °C

4°C

Total time

3 min

3 min

3 min

5 min

10 min

hold

24 min

I.  After completion of Ligation Protocol, add 1 pL Ligation Clean-Up Enzyme

to each reaction. The tubes can be removed from the heat block. Flick

tubes gently to mix. Spin down.

m. Return tubes to thermocycler and initiate Purification Protocol (Table4).

n. After completion of Purification Protocol, add 40 pL RNAse-free water to

each sample. Mix well and spin down.

Table 4: Purification Protocol for nCounter® miRNA expression assay

37 °C

70°C

4°C

Total time

1 hour

10 min

hold

1 hour 10 min
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2. Day 1: Setting up for hybridization

a.

Remove aliquots of both the Reporter CodeSet and Capture ProbeSet
reagent from the freezer and thaw on ice. Invert several times to mix well
and briefly spin down reagent at <100 rpm.

Create a master mix containing 130 pL of the Reporter CodeSet and 130
pL of hybridization buffer by adding the hybridization buffer to the tube
containing the Reporter CodeSet. Invert to mix and spin down master mix.
Label a provided 12 tube strip and cut it in half to fit in a picofuge.

Add 20 pL of master mix to each of the 12 tubes.

Denature samples from the miRNA sample prep protocol at 85 °C for 5
minutes and quick-cool on ice. Add a 5 pL aliquot from the miRNA Sample
Preparation Prococol to each tube.

Pre-heat thermocycler to 65 °C. Program the thermocycler using 30 uL
volume, calculated temperature, heated lid and “forever” time setting.
Add 5 uL of Capture ProbeSet to each tube immediately before placing at
65 °C. Cap tubes and mix the reagents by inverting the strip tubes several
times and flicking to ensure complete mixing. Briefly spin down at < 1000
rom and immediately place the strip tube in the 65 °C thermocycler.
Minimizing the time between the addition of the Capture ProbeSet and the
placement of the reaction at 65 °C to increase the sensitivity of the assay.
Incubate hybridization assays for at least 12 hours. Hybridizations should
be left at 65 °C until ready for processing.

Removed strip tube from the thermocycler, proceed to post-hybridization

processing with the nCounter” Prep Station.
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3. Day 2: Setting up prep station run and data collection (automated processing)
a. Data analysis was performed by nSolver version 4.0 software.
b. MiRNAs of interest were selected using Venn diagram (81).
® (Quantitative reverse transcription polymerase chain reaction (RT-gPCR)
MiRNAs of interest were quantified by RT-gPCR consisted of 3 steps
including polyuridylation, reverse transcription (RT) reaction, and real-time PCR.
MiRNA was polyuridylated by poly(U) polymerase. Then, cDNA molecules were
reverse transcribed by the universal poly(A) stem-loop RT primers (SL-poly(A) or
SL-Poly(A)-M13). Finally, the quantification was performed by real-time PCR
analysis using the SYBR® Green fluorescence. During PCR, the 3’-end of the
forward primer was miRNA-specific and was hybridized to the cDNA molecule of
the specific miRNA; whereas the universal reverse primer was hybridized to the

stem-loop portion (82). The detail protocol is as follow:

a. Prepare master mix for polyuridylation (Table 5)

Table 5: Polyuridylation master mix preparation

Master mix 1 Reaction (uL)
10X NEBuffer™ (New England BioLabs®) 25

50 mM UTP (Thermo Scientific'") 0.25

40U/uL RiboLock (Thermo Scientific™) 1.00

2U/uL PolyU polymerase (New England BioLabs®)  1.00
miRNA from serum extraction (fix volume) 10
Distilled Water to a final volume of 25

Total volume 25



d.

e.

Tabl

f.

g.

h.

Tabl

Incubate at 37 °C for 10 minutes
Add 0.4 pL of 10 uM SL-Poly(A) (or SL-Poly(A)-M13)
Incubate at 65 °C for 5 minutes then place on ice for 2 minutes

Prepare master mix for reverse transcription (Table 6)

e 6: Reverse transcription master mix preparation

5X RT Buffer 8
10 mM dNTPs 4
200U RevertAid 2
40U/pL RiboLock 1
Total volume 15

Incubate at 42 °C for 60 minutes
Inactivate at 70 °C for 10 minutes
Prepare master mix for real-time PCR (Table 7)

e 7: Real-time PCR master mix preparation

Luna gPCR Master Mix (New England BioLabs®) 5

10 pM Forward primer 0.25
10 M Reverse primer 0.25
Distilled Water 3.5
cDNA template 1
Total volume 10

The designed primers of miRNAs of interest are showed in Table 8.

51



52

j.  Set the thermocycler condition for PCR according to each miRNA (Table

9).

Table 8: Designed forward primers for miRNA candidate

No miRNA candidate Sequence 5°-3’ Length (bp) AT C/G Tm
1 hsa-miR-124-3p GCACGCGGTGAATGCCA 17 6 11 56
2 hsa-miR-124-5p TGTTCACAGCGGACCTTG 18 8 10 56
3 hsa-miR-125a-5p TCCCTGAGACCCTTTAACC 19 9 10 58
4 hsa-miR-125b-5p TCCCTGAGACCCTAACTTG 19 9 10 58
5 hsa-miR-143-3p AGATGAAGCACTGTAGCTC 19 10 9 56
6 hsa-miR-342-3p ACACAGAAATCGCACCCGT 19 9 10 58
7 hsa-miR-376a-3p ATCATAGAGGAAAATCCACG 20 12 8 56
8 hsa-miR-433-5p GGTGAGCCTGTCATTATTC 19 10 9 56
9 hsa-miR-584-3p TTCCAGGCCAACCAGGCT 18 7 11 58

10 hsa-miR-584-5p GGTTTGCCTGGGACTGAG 18 7 11 58
Table 9: Thermocycler condition for real-time PCR

No miRNA candidate Pre-denature Denature Annealing Extension
1 hsa-miR-124-3p 51°C, 30 sec
2 hsa-miR-124-5p 51° C, 30 sec
3 hsa-miR-125a-5p 51°C, 30 sec
4 hsa-miR-125b-5p 53° C, 30 sec
5 hsa-miR-143-3p g5°C 95°C 53°C, 30 sec 7000
6 hsa-miR-342-3p 3 minutes 15 seconds 51° C, 30 sec 20 seconds
7 hsa-miR-376a-3p 51° C, 30 sec
8 hsa-miR-433-5p 51°C, 30 sec
9 hsa-miR-584-3p 51° C, 30 sec
10 hsa-miR-584-5p 53° C, 30 sec

® Generating standard curve for absolute quantification of target miRNAs

Absolute quantification to detect the amount of the target miRNAs in serum

sample was performed by the standard curve method. Standard curve was

generated by serial dilution of the known concentration of the target miRNAs. The

absolute amount of the target miRNAs from gPCR was calculated based on the

standard curve. The protocol for generating the standard curve is as follows:
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1. Amplification of miRNA target

a. Extract miRNAs from U87 and 5Y cell line (courtesy of Dr. Naphat
Chantaravisoot) using miRNA extraction protocol as described previously.

b. Reverse transcribe miRNAs into cDNA by using the universal poly(A)
stem-loop RT primers (SL-poly(A) or SL-Poly(A)-M13) as per protocol
described previously (Table 5,6).

c. Amplify cDNA molecules of target miRNAs using Tag DNA polymerase
(biotechrabbit™). Prepare the master mix as shown in Table 10.

d. Pipet the master mix into thin-walled 0.2 ml PCR tubes.

e. Mix and centrifuge briefly to collect the liquid in the bottom of the tube.
Place PCR tubes in the thermocycler.

f.  Set the thermocycler condition as shown in Table 9.

Table 10: PCR master mix preparation

Master mix 1 Reaction (uL)
10X Reaction buffer 5

50 mM MgCl, 1.5

10 mM dNTP Mix 1

10 uM Forward primer 1

10 UM Reverse primer 1

Template DNA 1

Tag DNA polymerase (biotechrabbit™) 0.5

Nuclease free water to a final volume of 50

Total volume 50

2. Run 2% agarose gel electrophoresis 100V for 45 minutes to analyze the PCR

products.
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3. Cut target band from gel electrophoresis and purify gel as per the following

protocol.

a.

Excise the DNA fragment from the agarose gel with a clean and sharp
scalpel.

Weigh the gel slice in a colorless tube. Add 3 volumes Buffer QG to 1
volume gel (100 mg gel ~100 uL)

Incubate at 50 °C for 10 minutes or until the gel slice has completely
dissolved. Vortex the tube every 2-3 minutes to help dissolve gel. After the
gel slice has dissolved completely, check that the color of the mixture is
yellow. If the color is orange or violet, add 10 yuL 3M sodium acetate, pH
5.0, and mix.

Add 1 gel volume isopropanol to the sample and mix.

Place a QIAquick® spin column in a provided 2 ml collection tube. Apply
the sample to the QIAquick® column and centrifuge for 1 minute. Discard
flow-through and place the QIAquick®cqumn back into the same tube.
To wash, add 750 pL Buffer PE to QIAquick® column column and
centrifuge for 1 minute. Discard flow-through and place the QIAquick®
column back into the same tube. Centrifuge the QIAquick® column in the
provided 2 ml collection tube for 1 minute to remove residual wash buffer.
Place QIAquick® column into a clean 1.5 ml microcentrifuge tube.

To elute DNA, add 30 uL Buffer EB (10 mM Tris.Cl, pH 8.5) or water to the

center of the QIAquick” membrane and centrifuge the column for 1 minute.

4. Cloning PCR products

cDNA molecules of the miRNAs of interest are cloned for absolute

quantification of the miRNAs as per the following protocol.

1. Ligation using 2X Rapid Ligation Buffer
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a. Briefly centrifuge the pGEM®-T Easy Vector and Control Insert DNA tubes
to collect contents at the bottom of the tube.

b. Setup ligation reaction as shown in Table 11. Vortex the 2X Rapid Ligation
Buffer vigorously before each use. Use 0.5 ml tubes known to have low
DNA binding capacity.

c. Mix the reactions by pipetting. Incubate the reactions 1 hour at 22 °C.

Table 11: Ligation reaction master mix preparation

2X Rapid Ligation Buffer, T4 DNA Ligase (Thermo Scientific™) 5

pGEM®-T Easy Vector (Promega) 1
PCR product X*
T4 DNA Ligase (Thermo Scientific™) 1
Distilled water to a final volume of 10

*Xis 5:1 molar ratio of insert:vector. The amount of PCR product in master mix was calculated according to

www.insilico.uni-dusseldorf.de/Lig_input.html

2. Transformation of DH5Q High Efficiency Competent Cells
a. Prepare Luria Broth (LB)/ampicillin agar plates as shown in Table 12 and

add 15 ul of XGal and 5ul of IPTG prior to use.

Table 12: LB/ampicillin plates preparation

Yeast extract (HiMedia®) 059
Tryptone (HiMedia®) 19
NaCl (Merck) 0.5
Agar (HiMedia®) 159

Distilled water 100 pL


http://www.insilico.uni-dusseldorf.de/Lig_input.html
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b. Centrifuge the ligation reactions briefly. Add 2 pL of each ligation reaction
to a sterile 1.5 ml tube on ice. Prepare a control tube with 0.1ng of uncut
plasmid.

c. Place the DH5Q High Efficiency Competent Cells in an ice bath until just
thawed (5 minutes). Mix cells by gently flicking the tube.

d. Mix 50 yL DH5Q High Efficiency Competent Cells and 10 of pL of ligation
reaction. Incubate on ice for 30 minutes. (Proceed similar method for uncut
DNA control tube).

e. Heat-shock the cells for 45-50 seconds in a water bath at 42 °C.
Immediately return the tubes to ice for 2 minutes.

f. Add 950 pL room temperature Super Optimal broth with Catabolite
repression (SOC) medium to the ligation reaction transformations and 900
pL to the uncut DNA control tube. Incubate for 1.5 hours at 37 °C with
shaking (150 rpm).

g. Plate 100 pL of each transformation culture onto duplicate
LB/ampicillin/IPTG/X-Gal plates (prepared in step a.).

h. Incubate plates overnight at 37 °C. Select white colonies.

5. Perform colony PCR to check the presence of the insert DNA in plasmid
constructs.

Using M13 Forward and Reverse primer with the following sequence.

M13_F 5-GTTTTCCCAGTCACGAC

M13_R 5-TCACACAGGAAACAGCTATGAC



Table 13: Thermocycler condition for colony PCR

Step Temperature
Pre-denature 95 °C
Denature 95 °C
Annealing 55 °C
Extension 72 °C
Final extension 72 °C

Time

2 min

30 sec

30 sec

30 sec

2 min
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6. Propagate the selected colony in 1.5-2.0 ml. LB broth with ampicillin as prepared

in Table 12 without adding agar.

7. Extract plasmid DNA from the cultured DH50 High Efficiency Competent Cells

using Plasmid miniprep kit (BioHelix) as per the following protocol.

a. Transfer 1.5 ml bacterial culture into a microcentrifuge tube and centrifuge

at 14,000 g for 1 minute. Discard the supernatant.

b. Resuspend pelleted bacterial cells in 200 uL of the Buffer S$1

c. Add 200 L of Buffer S2 and mix thoroughly by inverting the tube 10 times

and incubate at room temperature for 2 minutes or until the lysate is

homogeneous.

d. Add 300 pL of Buffer S3 and mix immediately and thoroughly by inverting

the tube 10 times. Centrifuge at 14,000 g for 3 minutes.

e. Place a PM column in a Collection Tube. Apply supernatant from step d.

to the column. Centrifuge at 14,000 g for 30 seconds, then discard the

flow-through, and place the PM column back into the same collection tube.
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Add 400 pL of Buffer W1 into the PM column. Centrifuge at 14,000 g for
30 seconds. Discard the flow-through, and place the PM column back into
the same collection tube.

Add 600 pL of Buffer W2 into the PM column. Centrifuge at 14,000 g for
30 seconds. Discard the flow-through, and place the PM column back into
the same collection tube.

Centrifuge at 14,000 g for 2 minutes to remove excess Buffer W2.

Elute DNA by placing the PM column in a clean 1.5 ml microcentrifuge
tube. Add 50-200 uL of the Buffer E to the center of each PM column.

Incubate for 2 minutes then centrifuge at 14,000 g for 2 minutes.

8. Sending the plasmid construct for Sanger’'s sequencing (1* Base company,

Singapore) to confirm the sequence of amplified cDNA molecule of target miRNA.

9. Generation of standard curve by serial dilution.

a.

Measure the PCR product concentration by Qubit™ DNA-HS Assay Kit
(Thermo Fisher Scientific)
Change the concentration from ng/ulL to copies/uL by using the following

formula.

conc. (ng/ul) X 107° x 6.02 x 1023
660 X (vector + insert length (bp))

N(copies/pul) =

Calculate the volume of the PCR product required for serial dilution (V,) by

using the following formula.

C,V,=C,V,
C,=stock concentration (as calculated in step b.)

C,=final concentration (starting concentration for serial dilution: 10°

copies/yL)
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V,=stock volume required for serial dilution
V,=volume required for starting serial dilution

d. Generate 10 fold serial dilution starting at 10° copies/uL by adding 9 ml of
distilled water to 1 ml of PCR product from previous concentration.
10. Perform RT-gPCR with absolute quantification using standard curve method to
quantify the amount of miRNA of interest in serum.
® [rotein biomarker detection via electrochemiluminescence assay
The serum protein biomarkers detection including NSE, S100, and IL-6
was performed by electrochemiluminescence immunoassay (ECLIA) using
Cobas® 6000 analyzer series (Roche Diagnostics, Mannheim, Germany) as per

the following protocol.

1. Thaw 20 uL of frozen serum until reaching 20-25 °C.

2. Place sample into 5-position racks, then onto the sample loader.

3. Bring the cooled reagents to approximately 20 °C and place on the reagent
disc.

4. The sample is loaded into the automated analyzer.

5. The 1% incubation is the formation of a sandwich complex of sample,
biotinylated monoclonal antigen (NSE, S100, or IL-6) specific antibody and a
monoclonal antigen (NSE, S100, or IL-6) specific antibody labeled with
ruthenium complex.

6. The 2" incubation is the addition of streptavidin-coated microparticles to
bound the sandwich complex to the solid phase via the interaction of biotin
and streptavidin.

7. The reaction mixture is aspirated into the measuring cell.
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8. The microparticles are magnetically captured onto the surface of the
electrode. Unbound particles are removed.
9. Avoltage is applied to the electrode to induce the chemiluminescent emission
which is measured by a photomultiplier.
10. The level of the biomarkers of interest are determined via a calibration curve.
® Magnetic Resonance Imaging data acquisition
MRI studies were performed using a 3-Tesla MR scanner (Skyra, Siemens,
Erlangen, Germany). The imaging sequences were: T1-weighted image(TE 9
milliseconds; TR 2000 milliseconds; NEX 1; DFOV 59.6*22 cm; matrix size
272*320; slice thickness/slice spacing 5/6 mm), T2-weighted image (TE 88
milliseconds; TR 5400 milliseconds; NEX 1; DFOV 37.9*22 cm; matrix size
272*320; slice thickness/slice spacing 5/6 mm), FLAIR (TE 81 milliseconds; TR
8000 milliseconds; NEX 1; DFOV 37.9*22 cm; matrix size 256*320; slice
thickness/slice spacing 5/6 mm), DWI (TE 64 milliseconds; TR 4900 milliseconds;
NEX 1; DFOV 63*23 cm; matrix side160*160; slice thickness/slice spacing 5/6 mm,

b=0, 1000 s/mmz). The ADC was generated automatically.

® \/olumetric measurement of cerebral infarction
The cerebral infarction volume was quantified by using diffusion weighted
images on MRI. The measurement of infarction volume was processed by Olea

SphereTM Version 3.0 software (Olea Medical®, La Ciotat, France).

3.4 Statistical analysis
3.4.1 Sample size calculation
The sample size calculation was performed after conducting a pilot study of
total 28 patients. After collecting specimens consisted of 14 patients in each group, the

miRNA extraction from serum was performed. However, due to the nature of low
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concentration of miRNA in serum which was not suitable for next generation sequencing,
the technique of identifying potential miRNA candidates was changed from next
generation sequencing to molecular barcoding by NanoString nCounter Technology
which requires lower concentration of miRNA in the specimen. We re-calculated the
appropriate sample size using results from total 28 patients as a pilot study. Due to the
non-normally distributed data in the pilot study, the following equation was used for
sample size calculation to compare difference median (83).

2
(012 +a§) (z% +2ﬁ)
(log(rmy) — log(m2))*

f z [ 2
[log(%+\‘fé+% |+lug(%+vu"%+§;‘;

(log(rm) — log(my))?

H=

Jes+s)

From the pilot study, the median and standard deviation for central and
peripheral vertigo are m1 = 87.97, (31: 76 and m2 = 43.03, é)z: 36.73 respectively. An
appropriate sample size for detecting significance difference with alpha at 0.05 (za, =
1.96) and power of 80% (zB = 0.84) consisted of 28 patients per group. We estimate 25%
of missing patients at 3 months follow up period. Therefore, a sample size of 35 patients

in each group is required in the study.

3.4.2 Data collection

Variables collected in the study and method of data collection are shown in Table 14.
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Variables Method
Date and time of visit/symptom onset Interview
Demographic Variables |Date and time of blood drawn Interview
Age, Gender Interview
. HT, DM, DLP, IHD Interview

Risk factors - -

Smoking, Alc Interview
Current medication |Name, dosage Interview

Vital signs

BT, BP, PR, RR

Measure from calibrated device

Neurovascular exam

Observation from examination

Head impulse test

Observation from examination

Investigation

. Nystagmus Observation from examination
Physical Exam — - —

Skew deviation Observation from examination
NIHSS Observation from examination
mRS Observation from examination
EKG Observation
CT Observation
MRI Observation

Vascular imaging

Observation

CBC, blood chemistry

Measure from calibrated device

miRNA expression

Measure from calibrated device

NSE, 5100, IL-6 level

Measure from calibrated device

3.4.3 Data summary
Summary of variable details are shown in Table 15.

Table 15: Data summary

Variables Type of data Central Tendency Deviation
Demographic variables Age Ratlo_ Mean - SD (mean) —
Gender Nominal Proportion SD (proportion)
Risk factors HT, DM, DLP, IHD Nominal (binary data) Proportion SD (proportion)
Smoking, Alc Nominal (binary data) Proportion SD (proportion)
Neurovascular exam Nominal (binary data) Proportion SD (proportion)
Head impulse test Nominal (binary data) Proportion SD (proportion)
Physical Exam Nystagmtjls i Nom?nal (b?nary data) Proport?on SD (proport?on)
Skew deviation Nominal (binary data) Proportion SD (proportion)
NIHSS Ordinal Proportion SD (proportion)
mRS Ordinal Proportion SD (proportion)
CBC, blood chemistry Ratio Mean SD (mean)
Investigation miRNA expression Ratio Mean SD (mean)
NSE, 5100, IL-6 level Ratio Mean SD (mean)

3.4.4 Data analysis

®  Statistical analysis (Please refer to Data summary table for further detail)

1.  The absolute quantification of the miRNA expression level is calculated
from the standard curves generated by serial dilution of the known

concentration of the target miRNAs.
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2. Kolmogorov-Smirnov test was used to determine the distribution of the

data.

3. Continuous variables were presented in mean + standard deviation (SD) or
median with interquartile range (IQR) when appropriate.

4. Categorical variables were presented in percentages and frequencies.

5. Unpaired T test or Mann-Whitney U test was used for comparison between
baseline characteristics of the continuous data between central and
peripheral vertigo groups with normal distribution and non-normal
distribution respectively.

6. Pearson’s chi-squared or Fisher's exact test was used for comparison
between categorical variables.

7.  Mann-Whitney U test was used to compare miRNA or protein level between
central and peripheral vertigo groups.

8. Wilcoxon signed rank test was used to compare miRNA or protein level
within group at different time points.

9. Kruskal Wallis test with Dunn’s post hoc test was used to compare miRNA
level between different stroke etiologies and areas of infarction.

10. Spearman’s correlation was used to demonstrate the correlation between
miRNA level and infarct volume or severity of ischemic stroke defined by
NIHSS.

11. Receiver operating characteristic curve was generated to demonstrate the
diagnostic ability of the biomarkers.

12. Binary logistic regression was performed to identify factors that associated
with central vertigo.

13. Youden’s index was determined to identify the optimal cut off value both

miRNA candidates and protein biomarkers
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14. In case of undetectable level of serum protein biomarkers, imputation with

half of the lower detection limit was performed.
Software for data analysis

1. Statistical analysis both qualitative and quantitative data was performed
by SPSS 22.0 for Mac software package (SPSS, Inc.,Chicago, IL).

2. Graphs demonstrated the comparison of the biomarker level between
groups were generated by Prism 8 for OS X (GraphPad Software, Inc., San
Diego, CA).

3. Receiver operating characteristic curves were generated by STATA 15 for

windows (StataCorp ,LLC., College Station, TX).
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Chapter 4 Results
4.1 miRNA expression profiling from NanoString analysis

In the discovery phase, miRNA expression profiling was performed by using
NanoString nCounter Technology in the serum of patients with posterior circulation stroke
(n=3) and peripheral vertigo (n=3) in acute phase within 72 hours and at day 90 after
onset. Normalized counts were obtained from raw counts normalized to exogenous
synthetic spike-in miRNA, cel-miR-254. The average count of the synthetic spike-in miRNA
was 10. MiRNAs with count above the average count of cel-miR-254 were selected for
subsequent analysis. MiRNA candidates was selected by using Venn diagram (81) based
on result from NanoString nCounter Technology. Firstly, miRNAs that expressed only

within 72 hours from each sample were selected (Figure 2).
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Figure 2: Venn diagram of miRNA expression profiles by NanoString analysis from
serum of posterior circulation stroke patients (C1-C3) and peripheral vertigo patients

(P1-P3) in acute phase within 72 hours and at day 90

C1 acute 1 dayd P1 acute 1 day

C2 acute C2 day80 P2 acute P2 day80

€3 acute 53 day80 P3 acute P3 day 90

Secondly, miRNAs that expressed only in acute phase from each group were

evaluated. Only miRNAs that expressed in more than one serum sample from each group
were selected for final analysis (Figure 3). Finally, common miRNAs that expressed in
each group were analyzed. Only miRNAs that expressed in acute phase within 72 hours
in patients with posterior circulation stroke were selected as potential candidates for

subsequent validation phase (Figure 4).
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Figure 3: Venn diagram of miRNA that expressed only in acute phase from each

sample
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Figure 4: Venn diagram of potential miRNA candidates
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4.2 miRNA candidates selection for validation phase
In this study, potential miRNA candidates for validation phase were selected
by 2 pathways including from NanoString analysis and from reviewing potential

candidates proposed by previous studies.

4.2.1 miRNA candidates from NanoString analysis
From the discovery phase by NanoString analysis, miRNAs that expressed in
more than one patients with acute posterior circulation stroke in within 72 hours after onset

were carefully reviewed in the human miRNA tissue atlas (https://ccb-web.cs.uni-

saarland.de/tissueatlas/) which is an miRNA expression database (84). MiRNAs with high

level of expression in the brain were selected for the validation phase. Among 22 miRNAs,
there were 3 miRNAs with high expression in the brain including miR-433-5p, miR-342-

3p, and miR-376-3p.


https://ccb-web.cs.uni-saarland.de/tissueatlas/
https://ccb-web.cs.uni-saarland.de/tissueatlas/
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Figure 5: Raw expression level of miRNAs of interest from human miRNA tissue atlas
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Interestingly, from NanoString analysis, miR-584-5p is the only miRNA that
commonly expressed in acute phase among 3 patients with peripheral vertigo, whereas
miR-584-3p was commonly expressed in acute phase among 2 patients with posterior
circulation stroke. Both miR-584-3p and miR-584-5p were included in the validation phase
due to the complementary base sequences with different expression in peripheral vertigo
and posterior circulation stroke respectively. Therefore, 5 miRNAs from NanoString
analysis including miR-342-3p, miR-376a-3p, miR-433-5p, miR-584-3p, and miR-584-5p
were selected for the validation phase.

4.2.2 miRNA candidates from previous studies

In addition to the miRNAs selected from the NanoString analysis, potential
miRNA candidates from previous studies (as reviewed in chapter 2) were selected for the
validation phase. MiR-124 has been shown to be brain-specific miRNA (73). Subsequent
study revealed significantly high level of serum exosomal miR-124 in acute ischemic
stroke patients (74). Therefore, in this study, both miR-124-3p and miR-124-5p were
included for the validation study. Additional miRNA candidates including miR-125a-5p,
miR-125b-5p, and miR-143-3p which had been evaluated in a well-designed study
consisted of screening phase by miRNA sequencing with subsequent validation and

replication by gPCR (58) were also included in the validation phase.

Table 16: List of miRNAs candidates for validation study

NanoString Analysis Literature Review
miR-342-3p miR-124-3p
miR-376a-3p miR-124-5p
miR-433-5p miR-125a-5p
miR-584-3p miR-125b-5p

miR-584-5p miR-143-3p
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4.3 Standard curve generation of miRNAs of interest

In order to perform the absolute quantification of the target miRNAs in serum
sample, 10 standard curves of miRNA candidates were generated by serial dilution of the
known concentration of the target miRNAs.
Figure 6: Standard curves from RT-gPCR of the miRNA candidates
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The standard curves of 9 out of 10 miRNA candidates (excepting miR-342-3p)
had good PCR reaction as reflected by high efficiency (range between 90% and -110%)
and the standard curve slope between -3.58 and -3.10. The presence of PCR inhibitors in
the reagents might account for the lower efficiency of the PCR reaction seen in the miR-
342-3p. The correlation coefficient of the standard curve of all 10 miRNA candidates were
very high (0.99-1). The absolute amount of the miRNAs of interest from the serum sample
was calculated based on the standard curve equation using the C; result obtained from

gPCR.

4.4 Study outcomes
4.4.1 Baseline Characteristics, laboratory parameters, and medication of patients
with central and peripheral vertigo
During June 2017-January 2020, there were 76 patients screened for the
study participation. Thirteen patients were ineligible due to the clinical presentation
compatible with diagnosis other than true vertigo according to the inclusion criteria. Five
patients were excluded based on exclusion criteria. There were a total of 58 patients
including 23 patients with central vertigo and 35 patients with peripheral vertigo enrolled
in the study. Among central vertigo patients, there were 12 patients with cerebellar
infarction, 6 patients with brainstem infarction, and 5 patients with both cerebellar and
brainstem infarctions. In peripheral vertigo group, there were 17 patients with benign
paroxysmal positional vertigo, 4 patients with Meniere’s disease, 4 patients with vestibular
neuritis, and 10 patients with peripheral vertigo who had negative MRI study that could
not be classified into any other peripheral vertigo diseases (Figure 7). The number of
female patients was significantly higher among peripheral vertigo group (82.9% vs 21.7%,
P=0.001). The onset to blood collection time was significantly higher in central vertigo
group (37.59+16.94 vs 21.35+17.9, P=0.001). There were more patients who had diabetes

mellitus, history of myocardial infarction, and smoking among central vertigo group. Other
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baseline characteristics were comparable between study groups. Regarding the
laboratory parameters, the level of hemoglobin, WBC count, absolute monocyte count,
creatinine, fasting blood sugar, HbA,C, and total bilirubin were significantly higher in
central vertigo group. There was no significant difference regarding medication taken by

patients in both groups (Table 17).



Figure 7: Flow diagram of participant recruitment
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Table 17: Baseline characteristics, laboratory parameters, and medication in acute

vertigo patients

81

Central Vertigo Peripheral Vertigo P value
(n=23) (n=35)

Age, years, mean (SD) 64.52(11.80) 63.69(9.42) 0.766
Female, % (n) 21.7% (5) 82.9% (29) 0.001*
Body weight, kg, mean (SD) 67.03 (8.12) 62.26 (11.23) 0.08
Body mass index, kg/m?, mean (SD) 24.89 (3.96) 24.56 (4.62) 0.59
Onset to blood collection (hrs), mean (SD) 37.59 (16.94) 21.35(17.91) 0.001*
Stroke risk factors, % (n)
- Hypertension 65.2% (15) 51.4% (18) 0.30
- Diabetes mellitus 52.2% (12) 17.1% (6) 0.005*
- Dyslipidemia 56.5% (13) 48.6% (17) 0.55
- History of stroke 13.0% (3) 28.6% (10) 0.17
- History of myocardial infarction 21.7% (5) 2.9% (1) 0.02*
- Smoking 26.1% (6) 0 0.001*
Previous history of vertigo, % (n) 13% (3) 31.4% (11) 0.11
Systolic BP, mmHg, med (IQR) 161 (146-170) 149 (139-168) 0.10
Diastolic BP, mmHg, med (IQR) 90 (75-100) 80 (68-90) 0.14
Pulse rate, bpm, med (IQR) 80 (60-85) 76 (70-82) 0.87
Laboratory parameters
= Hemoglobin, g/dL, med (IQR) 13.7 (13.1-15.4) 13.0 (12.5-13.4) 0.009*
- WBC count, *10%uL, mean (SD) 9.91(2.95) 8.29 (2.21) 0.03*
- Absolute neutrophil, *103/pL, mean (SD) 7.23(2.66) 6.02 (2.14) 0.06
- Absolute lymphocyte, *10%/uL, med (IQR) 1.98 (1.43-2.77) 1.60 (1.25-2.02) 0.24
- Absolute monocyte, *103/pL, med (IQR) 0.50 (0.35-0.53) 0.36 (0.29-0.46) 0.02*
- Platelet, *103/p, mean (SD) 227.61 (66.43) 266.24 (81.14) 0.07
- Creatinine, mg/dL, med (IQR) 0.84 (0.71-0.98) 0.67 (0.61-0.82) 0.04*
- Na, mEqg/L, med (IQR) 138 .0 (137-140) 138 (137-140) 0.67
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- K", mEg/L, med (IQR)

- CI', mEg/L, mean (SD)

- HCO3', mEg/L, med (IQR)

- Fasting blood sugar, mg/dL, med (IQR)
- HbA,C, %, med (IQR)

- Total cholesterol, mg/dL, mean (SD)
- Triglyceride, mg/dL, med (IQR)

- LDL, mg/dL, mean (SD)

- HDL, mg/dL, mean (SD)

- Total bilirubin, mg/dL, mean (SD)

- Direct bilirubin, mg/dL, med (IQR)

- SGOT, mg/dL, med (IQR)

- SGPT, mg/, med (IQR)

- ALP, mg/dL, mean (SD)

- Albumin, mg/dL, med (IQR)

Medication, n(%)
- Antiplatelets
- Anticoagulant

- ACEI/ARBs

= Calcium channel blockers

- B-Blockers
= Diuretics

- Statins

- Glipizide (Sulfonylurea)
- Metformin (Biguanide)

= Proton Pump Inhibitor

3.7 (3.6-4)
103.70 (2.79)
22.0 (20-24)

130.0 (103-154)
6.3 (5.6-7.2)
199.26 (49.85)
109.0 (87-154)
136.0 (46.78)
41.09 (8.17)
0.77 (0.30)
0.30 (0.22-0.34)
21.5(19.75-25.25)
22.5(16.75-30.5)
69.56 (16.61)

4.10 (3.9-4.4)

17.4% (4)
0% (0)
26.1% (6)
21.7% (5)
13% (3)
4.3% (1)
21.7% (5)
8.7% (2)
26.1% (6)

4.3% (1)

3.7 (3.5-4)
105.06 (3.02)
23 (21-25)
100.0 (80-113.5)
5.6 (5.28-6.2)
181.18 (54.81)
103.0 (94-151)
110.35 (51.27)
45.18 (14.74)
0.6 (0.27)
0.23 (0.21-0.31)
20.0 (18-26)
19.5 (16.5-24.25)
71.72 (19.57)

4.15 (4.0-4.5)

37.1% (13)
2.9% (1)
31.4% (11)
40%(14)
17.1% (6)
57% (2)
45.7% (16)
0.8% (3)
14.3% (5)

14.3% (5)

0.71

0.10

0.18

0.008*

0.02*

0.28

0.68

0.1

0.27

0.04*

0.10

0.29

0.23

0.70

0.27

0.11

0.31

0.66

0.15

0.67

0.82

0.06

0.99

0.26

0.22

WBC: white blood cell; LDL: low density lipoprotein; HDL: high density lipoprotein; SGOT: serum glutamic-oxaloacetic

transaminase; SGPT: serum glutamic pyruvic transaminase; ALP: alkaline phosphatase; ACEI: angiotensin-converting

enzyme inhibitor; ARBs: angiotensin Il receptor blockers

*P<0.05



83

4.4.2 Clinical Presentations

The signs and symptoms of spinning, sense of imbalance, nausea and
vomiting, oscillopsia, and nystagmus among acute vertigo patients with central and
peripheral vertigo were indistinguishable. Physical signs including skew deviation,
diplopia, and limb ataxia were found exclusively in patients with central vertigo. Positive
HINTS test which is a combination of bedside physical examinations including head
impulse test (with presence of corrective saccade), nystagmus (with characteristic of
peripheral vertigo nystagmus), and test of skew (absence of skew deviation) were found
only in peripheral vertigo patients. However, this was not statistically significant (Table
18).

Table 18: Clinical presentations of acute vertigo

Clinical presentations Central Vertigo Peripheral Vertigo P value
%(n) (n=23) (n=35)

Sense of spinning 65.2% (15) 82.9% (29) 0.13
Sense of imbalance 95.7% (22) 88.6% (31) 0.35
Nausea/vomiting 60.9% (14) 77.1% (27) 0.18
Positive HINTS 0% (0) 11.4% (4) 0.09
Nystagmus 47.8% (11) 54.4% (19) 0.63

Bilateral direction changing 17.4% (4) 0% (0)

Vertical 4.3% (1) 0% (0)

Torsional 0% (0) 0% (0)

Unidirectional horizontal 13.0% (3) 17.1% (6)

Multidirectional 13.0% (3) 0% (0)

Diagnostic maneuver 0% (0) 37.0% (13)
Skew deviation 13.0% (3) 0% (0) 0.03*
Diplopia 30.4% (7) 0% (0) 0.001*
Oscillopsia 8.7% (2) 8.6% (3) 0.99
Limb Ataxia 18 (78.3%) 0% (0) <0.001*

HINTS: head impulse test, nystagmus, test of skew deviation

*P<0.05
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4.4.3 miRNA candidates and protein biomarker level in acute phase of patients
with central and peripheral vertigo

Among 58 patients, the level of 5 out of 10 miRNA candidates were
significantly higher in patients with central vertigo during acute phase within 72 hours after
onset. These miRNAs were miR-125a-5p (central: 568.7(338.2-924.5) copies/uL vs.
peripheral: 244.5 (160.8-495.1) copies/uL, P=0.001), miR-125b-5p (central: 125.0 (98.01-
199.8) copies/uL vs. peripheral: 48.6 (22.66-103.7) copies/uL, P<0.001), miR-143-3p
(central: 321.6 (188.7-407.2) copies/uL vs. peripheral: 172.5 (102.2-242.2) copies/jL,
P=0.014), miR-433-5p (central: 92.13 (49.06-183.2) copies/uL vs. peripheral: 53.45
(35.37-102.3) copies/uL, P=0.0056), and miR-584-5p (central: 879.6 (532.2-1889.0)
copies/uL vs. peripheral: 557.3 (290.1-979.8) copies/uL, P=0.03) (Table 19, Figure 8).

Both S100 (central: 0.111 (0.049-0.335) ug/L vs. peripheral: 0.054 (0.039-
0.082) pg/L, P=0.005), and IL-6 central: 7.42 (4.23-14.47) pg/mL vs. peripheral: 2.44
(0.70-4.68) pg/mL, P< 0.001) had significantly higher level in patients with central vertigo

(Table 19, Figure 9).

Table 19: Biomarker level during acute phase in patients with central and peripheral

vertigo
Biomarker level Central Vertigo Peripheral Vertigo P value
median (IQR) (n=23) (n=35)
miRNAs
miR-124-3p 906.0 (437.7-1697.0) 753.7 (453.5-1502) 0.42
miR-124-5p 243.4 (172.6-476.3) 227.6 (123.5-385.3) 0.729
miR-125a-5p 568.7(338.2-924.5) 244.5 (160.8-495.1) 0.001*
miR-125b-5p 125.0 (98.01-199.8) 48.6 (22.66-103.7) <0.001*
miR-143-3p 321.6 (188.7-407.2) 172.5 (102.2-242.2) 0.014*
miR-342-3p 44.8 (16.39-118.7) 37.76 (14.57-136.4) 0.81
miR-376a-3p 134.3 (78.07-209.5) 87.93 (56.63-167.6) 0.056
miR-433-5p 92.13 (49.06-183.2) 53.45 (35.37-102.3) 0.006*
miR-584-3p 618.1 (406.0-1214.0) 439.3 (252.4-700.3) 0.056
miR-584-5p 879.6 (5632.2-1889.0) 557.3 (290.1-979.8) 0.032*

Protein biomarker
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NSE (ng/mL)
S100 (ug/L)
IL-6 (pg/mL)

13.84 (11.83-18.83)
0.111 (0.049-0.335)
7.42 (4.23-14.47)

13 (10.29-18.33)
0.054 (0.039-0.082)
2.44 (0.70-4.68)

0.248
0.005*
<0.001*

*P<0.05
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Figure 8: miRNA level of central and peripheral vertigo patients in acute phase
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4.4.4 Temporal expression profile of miRNA candidates and protein biomarker

level in patients with central and peripheral vertigo

The expression level of serum biomarker from both miRNAs and protein

including NSE, S100, and IL-6 was measured at day 0 and day 90 of the study. Among

total 58 patients including 23 patients with central vertigo and 35 patients with peripheral

vertigo, there were 1 patient from central vertigo group and 6 patients from peripheral

vertigo group loss to follow up at day 90 of the study. Therefore, the result presented in

Table 19 were median and interquartile range of biomarker level of 22 patients with central

vertigo and 29 patients with peripheral vertigo. The level of serum IL-6 were below

detectable level (<1.5 pg/mL) in 1 patients with central vertigo and 10 patients with

peripheral. Imputation these values at half of the lower detection limit was done.
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Table 20: miRNA candidates and protein biomarker level in central and peripheral

vertigo patients

Biomarker level

median (IQR)

Central Vertigo (n=22)

Day 0

Day 90

Peripheral Vertigo (n=29)

Day 0

Day 90

miRNAs(copies/uL)
miR-124-3p
miR-124-5p
miR-125a-5p
miR-125b-5p
miR-143-3p
miR-342-3p
miR-376a-3p
miR-433-5p
miR-584-3p
miR-584-5p
Protein biomarker
NSE (ng/mL)
S100 (pg/L)

IL-6 (pg/mL)

946.0 (435.9-1731)

241.9 (158.5-481.0)

569.9 (337.2-927.8)
122.2 (88.56-195.3)
326.4 (210.1-418.1)
46.59 (17.44-132.4)
136.8 (80.12-214.5)
87.97 (48.78-172.3)
616.5 (399.3-1221.0)

971.6 (525.7-1889.0)

13.58 (11.81-19.44)

0.1095 (0.048-0.3365)

7.27 (4.035-14.28)

860.3 (435.6-1297)
238.1 (142.7-389.4)
2424 (120.0-326.9)
38.2 (14.02-106.4)
141.9 (81.03-268.3)
16.98 (7.767-115.1)
71.70 (30.65-123.3)
61.63 (33.58-118.7)
367.8 (202.4-649.0)

482.6 (256.9-870.8)

11.50 (10.10-12.95)

0.0515 (0.0388-0.059)

3.73(2.223-4.928)

683.1 (400.5-1578)
222.7 (118.2-302.5)
244.5 (156.0-496.6)
56.0 (22.6-113.9)
165.4 (100.3-238.0)
49.23 (13.94-148.4)
77.79 (50.01-160.8)
43.89 (32.87-101.1)
415.1 (250.9-644.8)

496.7 (283.2-971.8)

12.33 (10.27-16.41)
0.053 (0.037-0.082)

2.44 (1.67-4.71)

1056 (308.5-1961)

279.3 (102.8-633.3)
219.5 (117.0-481.6)
51.95 (19.26-159.3)
158.1 (77.47-365.1)
45,54 (13.77-157.2)
118.1 (36.41-173.7)
61.49 (31.67-89.37)
401.0 (196.3-751)

113.2 (274.1-1079.0)

12.80 (11.06-15.34)
0.06 (0.042-0.073)

2.58 (1.115-5.24)

®  miRNA expression level

Ten miRNA candidates were selected for validation phase including 5

miRNAs from nanostring analysis and 5 miRNAs from literature review. Among miRNAs

selected from nanostring analysis, miR-376a-3p (central: 136.8 (80.12-214.5) copies/uL

vs. peripheral: 77.79 (50.01-160.8) copies/uL, P= 0.029), miR-433-5p (central: 87.97

(48.78-172.3) copies/uL vs. peripheral: 43.89 (32.87-101.1) copies/uL, P=0.011), miR-

584-3p (central: 616.5 (399.3-1221.0) copies/uL vs. peripheral: 415.1 (250.9-644.8)

copies/uL, P=0.04), and miR-584-5p (central: 971.6 (525.7-1889.0) copies/uL vs.

peripheral: 496.7 (283.2-971.8) copies/uL, P=0.02) had significantly higher level of miRNA
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expression in acute phase at day 0 among patients with central vertigo compared to those
in peripheral vertigo. Among these miRNAs, the level of miR-376a-3p (day 0: 136.8
(80.12-214.5) copies/uL vs. day 90: 71.70 (30.65-123.3) copies/uL, P=0.01), miR-584-3p
(day 0: 616.5 (399.3-1221.0) copies/uL vs. day 90: 367.8 (202.4-649.0) copies/uL,
P=0.025) and miR-584-5p (day 0: 971.6 (525.7-1889.0) copies/uL vs. day 90: 482.6
(256.9-870.8) copies/uL, P=0.016) significantly decreased by day 90 in patients with
central vertigo (Table 20 and Figure 10F-10J).

Among 5 miRNAs from literature review, miR-125a-5p (central: 569.9 (337.2-
927.8) copies/uL vs. peripheral 244.5 (156.0-496.6) copies/uL, P=0.004), miR-125b-5p
(central: 122.2 (88.56-195.3) copies/uL vs. peripheral: 56.0 (22.6-113.9) copies/uL,
P=0.003) and miR-143-3p (central: 326.4 (210.1-418.1) copies/uL vs. peripheral: 165.4
(100.3-238.0) copies/uL, P=0.007) had significantly higher level of miRNA expression in
acute phase among patients with central vertigo. The expressions level of these miRNAs
among patients with central vertigo significantly decreased by day 90 (miR-125a-5p: day
0: 569.9 (337.2-927.8) copies/pL vs. day 90: 242.4 (120.0-326.9) copies/pL, P=0.008);
miR-125b-5p: day 0: 122.2 (88.56-195.3) copies/L vs. day 90: 38.2 (14.02-106.4)
copies/uL, P=0.003); miR-143-3p: day 0: 326.4 (210.1-418.1) copies/uL vs. day 90: 141.9
(81.03-268.3) copies/uL, P=0.03) (Table 20 and Figure 10A-10E).

In patients with peripheral vertigo, there was no significant difference
regarding the level of expression between acute phase at day 0 and follow up period at

day 90 of 10 miRNA candidates.
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Figure 10 : miRNA level at day 0 and day 90 in central and peripheral vertigo patients
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®  Protein biomarker level
During acute phase at day 0, both serum S100 and IL-6 level in patients with
central vertigo were significantly higher than in patients with peripheral vertigo (S100:
central 0.1095 (0.2885) ug/L vs. peripheral 0.053 (0.045) ug/L, P=0.006; IL-6: central 7.27

(4.035-14.28) pg/mL vs. peripheral 2.44 (1.67-4.71 pg/mL, P<0.001).

The level of NSE, S100, and IL-6 significantly decreased at day 90 follow up
period in patients with central vertigo (NSE: day 0: 13.58 (7.63) ng/mL vs. day 90: 11.50
(2.85) ng/mL, P<0.01; S100: day 0: 0.1095 (0.2885) pg/L vs. day 90: 0.0515 (0.02025)
pg/L, P<0.001; IL-6: day 0: 7.27 (4.035-14.28) vs. day 90: 3.73 (2.223-4.928) pg/mL,
P=0.001). There was no significant difference regarding serum level of NSE, S100, and
IL-6 among patients with peripheral vertigo at day 0 and day 90 (Figure 11).
Figure 11: NSE, S100, and IL-6 level at day 0 and day 90 in central and peripheral
vertigo patients
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4.4.5 Biomarker level and ischemic stroke severity
The correlation between serum miRNA candidates, serum NSE, S100, and IL-
6 and ischemic stroke severity were evaluated in 23 patients with central vertigo during
acute phase at day 0. The ischemic stroke severity was determined by neuroimaging

using cerebral infarction volume measurement and clinical evaluation by NIHSS.
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®  Biomarker level and infarction volume
Due to not normally distributed data of biomarker level and infarction volume,
Spearman’s Correlation was used in this analysis. The median (IQR) volume of infarction
was 4.51 (15.6) ml. Most of the serum miRNA level did not correlate with the cerebral
infarction volume. However, miR-125a-5p (r, 0.53, P=0.009), miR-125b-5p (r, 0.546,
P=0.007), and miR-376a-3p (r, 0.423, P=0.044), demonstrated low to moderate positive
correlation with the cerebral infarction volume. In contrast, serum S100 level was highly

correlated to the cerebral infarction volume (r, 0.764, P<0.001) (Table 21).

Table 21: Spearman’s Correlation between biomarker level and infarction volume

ry P value
miRNAs
miR-124-3p 0.04 0.858
miR-124-5p -0.004 0.986
miR-125a-5p 0.53 0.009*
miR-125b-5p 0.546 0.007*
miR-143-3p 0.189 0.387
miR-342-3p 0.305 0.157
miR-376a-3p 0.423 0.044*
miR-433-5p 0.239 0.273
miR-584-3p -0.034 0.879
miR-584-5p 0.116 0.598
Protein biomarkers
NSE 0.272 0.21
S100 0.764 <0.001*

IL-6 0.387 0.068
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®  Bjomarker level and NIHSS
The distribution of NIHSS among patients with central vertigo due to ischemic
stroke were not normally distributed. Therefore, Spearman’s correlation was performed in
this analysis. The median (IQR) of NIHSS among patients with central vertigo was 3 (4).
There was no correlation between the stroke severity determined by NIHSS and serum

level of both miRNA candidates and protein biomarkers (Table 22).

Table 22: Spearman’s Correlation between biomarker level and NIHSS

r P value
miRNAs
miR-124-3p 0.014 0.948
miR-124-5p 0.053 0.808
miR-125a-5p 0.239 0.272
miR-125b-5p -0.006 0.977
miR-143-3p 0.086 0.696
miR-342-3p 0.275 0.203
miR-376a-3p 0.200 0.360
miR-433-5p 0.085 0.698
miR-584-3p -0.026 0.906
miR-584-5p 0.035 0.874
Protein biomarkers
NSE -0.217 0.320
S100 -0.037 0.867
IL-6 -0.018 0.935

4.4.6 Biomarker level in different stroke etiologies and sites of infarction
The serum level of MiIRNA candidates and protein biomarkers including NSE,
5100, and IL-6 were compared among different stroke etiologies determined by the Trial
of Org 10172 in Acute Stroke Treatment (TOAST) classification (85) and regions of

infarction.
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®  Bjomarker level and stroke etiology

Among total 23 patients with central vertigo, there were 10 patients with
ischemic stroke due to large vessel atherosclerosis, 3 patients due to cardioembolism, 5
patients due to small vessel disease, and 5 patients due to undetermined etiology. The
level of miR-433-5p and miR-584-5p in patients with cardioembolic stroke were
significantly higher than that in patients with small vessel disease. The level of miR-143-
3p in patient with cardioembolic stroke were significantly higher than in patients with large
vessel atherosclerosis. There was significant different in level of IL-6 among different
stroke etiologies analyzed by Kruskal Wallis test (P=0.03). However, the post hoc Dunn’s
test did not reveal significant difference in any pairwise comparison of different stroke

etiologies (Figure 12).

Figure 12: Serum miR-143-3p, miR-433-5p, miR-584-5p, and IL-6 by stroke etiology
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®  Biomarker level and site of infarction

Kruskal Wallis with post hoc Dunn’s test was used to compare the different
regarding the level of serum biomarker in both miRNA candidates and protein biomarkers
at different sites of infarction including cerebellum, brainstem, cerebellum and brainstem.
There was significant different regarding level of miR-433-5p expression among three
infarction areas analyzed by Kruskal Wallis test (P=0.04). However, the post hoc Dunn’s
test did not reveal significant difference in any pairwise comparison of different areas of
infarction. Both serum level of miR-376a-3p and S100 revealed significantly higher level
in cerebellar infarction when compared to brainstem infarction (Figure 13). There was no
significant difference regarding the level of serum biomarkers at different sites of infarction

in other biomarkers.

Figure 13: Serum miR-433-5p, miR-376a-3p, and S100 level in different site of

infarction
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4.4.7 Biomarker as potential diagnostic test for central vertigo
The discriminative ability between central and peripheral vertigo of serum 10
miRNA candidates and protein biomarkers including NSE, S100, and IL-6 were

demonstrated by ROC curves and area under the ROC curve.

®  Serum miRNAs

The areas under the ROC curve of serum miR-125a-5p, miR-125b-5p, miR-
143-3p, miR-433-5p, and miR-584-5p were 0.7516 (0.6196-0.8835), 0.7689 (0.6418-
0.8961), 0.6919 (0.5523-0.8315), 0.7143 (0.5780-0.8506), and 0.6671 (0.5218-0.8315)
respectively. These 5 miRNA candidates had acceptable discriminative ability to
differentiate between central and peripheral vertigo (Figure 10). Among 5 miRNAs, serum
miR-125b-5p, miR-125a-5p, and miR-433-5p had highest area under the ROC curve. By
using cut off level above 89 copies/pL, the sensitivity and specificity of using serum miR-
125b-5p were 78.26% and 74.29% respectively. Using serum miR-125a-5p level above
299 copies/pL yielded the sensitivity of 86.96% and specificity of 57.14%. Serum miR-
433-5p level above 46 copies/pL had sensitivity and specificity of 86.96% and 48.57%
respectively. The remaining 5 miRNA candidates had poor discriminative ability (Figure

14).

®  Serum NSE, S100, and IL-6
Regarding serum protein biomarkers, S100 and IL-6 had area under the ROC
curve of 0.718 (0.5725-0.8635) and 0.829 (0.7241-0.9343) respectively. Using cut off level
above 0.1070 pg/L, serum S100 had sensitivity 56.52% and specificity of 88.57% to
differentiate between central and peripheral vertigo. Serum IL-6 with the cut off level

above 6.27 pg/mL had sensitivity of 60.87% and specificity of 84.62% (Figure 15).
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®  Combination of serum biomarkers

In order to increase the discriminative ability of the serum biomarker, miR-
125b-5p and IL-6, which had highest area under ROC curve from miRNA candidate and
protein biomarker respectively, were selected to combine with other biomarkers (Figure
15-16). The combination of serum miR-125b-5p with other biomarkers including miR-
125a-5p, miR-143-3p, miR-433-5p, miR-584-5p and S100 revealed an increase in area
under the ROC curve up to 0.76-0.82 when compared to using single biomarker (Figure
16, Table 23). However, this was not statistically significant (Table 23). Combining IL-6
and miR-584-5p significantly increase the area under ROC curve from 0.6671 (0.5218-

0.8124) to 0.8248 (0.7139-0.9358) (P=0.029) (Figure 17, Table 24).



Figure 14: ROC curves of miRNA biomarkers
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Figure 15: ROC curves of NSE, S100, and IL-6
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Figure 16: ROC curves of combination of biomarkers with miR-125b-5p
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Table 23: AUROC of individual biomarker and combination with miR-125b-5p
AUROC (individual) AUROC (combine miR-125b-5p) p valuet
(95%Cl) (95%Cl)
miR-125a-5p 0.7516 (0.6196-0.8835) 0.7665 (0.6382-0.8948) 0.4682
miR-143-3p 0.6919 (0.5523-0.8315) 0.7714 (0.6419-0.9010) 0.1447
miR-433-5p 0.7143 (0.5780-0.8506) 0.7590 (0.6282-0.8899) 0.3703
miR-584-5p 0.6671 (0.5218-0.8124) 0.7640 (0.6380-0.8900) 0.0691
S100 0.7180 (0.5725-0.8635) 0.7590 (0.6174-0.9006) 0.4405
IL-6 0.8292 (0.7241-0.9343) 0.8248 (0.7148-0.9349) 0.8385




Figure 17: ROC curves of combination of biomarkers with IL-6
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Table 24: AUROC of individual biomarker and combination with IL-6
AUROC (individual) AUROC (combine IL-6) P ValueT
(95%Cl) (95%Cl)
miR-125a-5p 0.7516 (0.6196-0.8835) 0.8336 (0.7243-0.9248) 0.1591
miR-125b-5p 0.7689 (0.6418-0.8961) 0.8248 (0.7148-0.9349) 0.3421
miR-143-3p 0.6919 (0.5523-0.8315) 0.8236 (0.7140-0.9332) 0.0716
miR-433-5p 0.7143 (0.5780-0.8506) 0.8236 (0.7161-0.9311) 0.1077
miR-584-5p 0.6671 (0.5218-0.8124) 0.8248 (0.7139-0.9358) 0.0290*
S100 0.7180 (0.5725-0.8635) 0.8422 (0.7379-0.9466) 0.0651
*P<0.05

TP value for comparison with the combination of biomarker

4.4.8 Regression analysis

Binary logistic regression analysis was performed to evaluate the association

between serum miRNA candidates and the diagnosis of central vertigo due to posterior

circulation stroke. In the univariate analysis, miR-125a-5p, miR-125b-5p, miR-143-3p,

miR-433-5p, and miR-584-5p were associated with diagnosis of central vertigo due to

cerebellar or brainstem infarction. After adjusted for sex, onset to blood collection time,

diabetes mellitus, history of myocardial infarction, and smoking, the multivariate analysis

revealed that miR-125a-5p, miR-125b-5p, miR-143-3p, MiR-433-5p, MmiR-584-3p, and
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miR-584-5p were associated with central vertigo. The odds ratios (OR) and 95%

confidence intervals of each biomarker were presented in Table 25.
Table 25: Univariate and multivariate logistic regression analyses for diagnosis of

central vertigo

Univariate analysis Multivariate analysisT
Unadjusted OR P Value Adjusted OR P Value
(95% ClI) (95% Cl)
miRNAs
miR-124-3p 1.000 (1.000-1.000) 0.765 1.000 (1.000-1.000) 0.307
miR-124-5p 1.001 (0.999-1.002) 0.493 1.002 (0.999-1.005) 0.159
miR-125a-5p 1.002 (1.000-1.004) 0.016* 1.004 (1.001-1.007) 0.013*
miR-125b-5p 1.009 (1.002-1.016) 0.016* 1.021 (1.007-1.035) 0.004*
miR-143-3p 1.003 (1.000-1.007) 0.046* 1.009 (1.002-1.015) 0.013*
miR-342-3p 0.999 (0.998-1.001) 0.323 1.000 (0.998-1.001) 0.81
miR-376a-3p 1.002 (0.998-1.006) 0.31 1.003 (0.998-1.008) 0.252
miR-433-5p 1.008 (1.000-1.016) 0.044* 1.017 (1.003-1.032) 0.016*
miR-584-3p 1.001 (1.000-1.002) 0.1 1.002 (1.000-1.004) 0.022*
miR-584-5p 1.001 (1.000-1.002) 0.039* 1.003 (1.001-1.005) 0.016*
*P<0.05

TAdjusted for sex, onset to blood collection time, diabetes mellitus, history of myocardial infarction, smoking
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Chapter 5 Discussion and Conclusion

This study is the first to demonstrate the potential of serum miRNAs as
biomarkers to differentiate between central vertigo due to cerebellar or brainstem
infarction and peripheral vertigo among patients presented with acute vertigo. Total 10
miRNA candidates were selected for validation by RT-gPCR in this study. By using
NanoString nCounter Technology in the discovery phase, 5 miRNA candidates were
selected including miR-342-3p, miR-376a-3p, miR-433-5p, miR-584-3p, and miR-584-5p.
Five miRNA candidates were selected from literature review including miR-124-3p, miR-
124-5p, miR-125a-5p, miR-125b-5p, and miR-143-3p. In addition to miRNA candidates, 3
protein biomarkers including NSE, S100, and IL-6 representing neuronal specific, glial
specific, and inflammatory biomarkers respectively were also included in the study.

During acute phase of vertigo, we found that the serum miR125a-5p,
miR125b-5p, MmiR143-3p, MmiR433-5p, and miR-584-5p had significantly higher level in
patients with central vertigo due to cerebellar or brainstem infarction than in patients with
peripheral vertigo. Serial measurement of the serum mMIRNA candidates and protein
biomarkers was performed at day 0 and day 90 in order to evaluate the temporal
expression profile of the potential biomarkers. In acute phase, 7 out of 10 selected
miRNAs demonstrated significantly higher level of expression in central vertigo compared
to peripheral vertigo. These miRNAs included miR-125a-5p, 125b-5p, miR-143-3p, miR-
376a-3p, miR-433-5p, miR-584-3p, and miR-584-5p. Among patients with central vertigo,
all of these 7 miRNAs except miR-433-5p demonstrated significantly decreased in level
of expression at day 90 when compared to the expression level in acute phase at day 0.
Interestingly, there was no significant different regarding the expression level of miR-433-
5p among patients with central vertigo in acute phase and at day 90. This might be due
to the persistently elevated level of miR-433-5p expression which remained in high level

until day 90. Regarding protein biomarkers, similar temporal expression profile were
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demonstrated in serum S100 and IL-6 where there was significantly higher level of
expression in central vertigo compared to peripheral vertigo in acute phase and
significantly decreased in level of expression by day 90. None of the selected miRNA
candidates and protein biomarkers demonstrated significant difference regarding the
level of expression between patients with central and peripheral vertigo at day 90. In
addition, there was no significant difference regarding the level of miRNA candidates and
protein biomarker between day 0 and day 90 in patients with peripheral vertigo. These
demonstrated that changes in miRNAs and protein biomarkers level occurred mainly in
the acute phase of patients with central vertigo and emphasized the potential of miRNAs
as biomarker for central vertigo diagnosis. MiR-125a-5p, miR-125b-5p, and miR-143-3p
had been previously shown to have significant changes in level of expression over time.
Similar temporal expression profile to our study, miR-125b-5p and miR-143-3p level of
expression were significantly higher in acute phase on admission (at day 1) in patients
with acute ischemic stroke when compared to healthy controls and significantly
decreased after day 2. In contrast to our study, miR-125a-5p had significantly high level
of expression in acute phase of patients with ischemic stroke compared to healthy control
and remained elevated until day 90 (58). Despite the strong profiles of miR-124 as
potential biomarker for acute ischemic stroke from previous studies (73, 74), there was no
significant difference regarding the expression level of both strands of miR-124 including
miR-124-3p and miR-124-5p between patients with central and peripheral vertigo in our
study. The temporal expression profile of the miRNA candidates demonstrated in our
study revealed the essential biomarker properties regarding the significant change in
level of expression in the acute phase among patients with the central vertigo. This
temporal expression pattern might indicate the possible mechanism of these miRNAs with
regards to pathophysiology and pathogenesis of acute ischemic stroke. An elevation of

these serum miRNAs in acute phase of ischemic stroke is possibly due to the passive
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release from ischemia-vulnerable neurons (86). In addition, an increase in the level of the
circulating miRNAs could result from active secretion via extracellular vesicles (58, 87). In
our study, some of the selected miRNAs are novel candidates in the field of stroke
biomarker. Therefore, it is possible that these novel miRNA candidates are released from
injured neuron that specifically expressed in cerebellum or brainstem. However, further
studies are required in order to demonstrate the organ specific properties of these
miRNAs.

Regarding the correlation between level of potential biomarkers selected in
our study and ischemic stroke severity, there was no correlation between expression level
of 10 selected miRNA candidates and protein biomarkers and ischemic stroke severity
determined by NIHSS. It has been widely demonstrated that symptoms of posterior
circulation stroke are not well represented by NIHSS (88, 89). This could account for lack
of correlation between selected biomarker candidates and NIHSS demonstrated in this
study. Only miR-125a-5p, miR-125b-5p, and miR-376a-3p demonstrated low to moderate
positive correlation with infarction volume. This finding is in contrast with previous study
that demonstrated no correlation between expression level of miR-125a-5p, miR-125b-5p,
miR-143p-3p and infarction volume (58). The poor correlation among serum level of
miRNA candidates and infarction volume seems contradictory to the concepts of potential
involvement in ischemic stroke pathogenesis and pathophysiology of these miRNAs.
However, the independent expression level of both serum miRNA candidates and protein
biomarkers and ischemic stroke severity determined by both infarction volume and NIHSS
emphasize the potential of these biomarker candidates to be applicable in the diagnosis
of acute ischemic stroke regardless of stroke severity.

The serum level of 10 selected potential miRNA candidates and 3 protein
biomarkers were stratified by ischemic stroke etiology according to TOAST classification

(85). Most of miRNAs had similar level of expression among different etiologic subgroups.
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Interestingly, patients with ischemic stroke due to cardioembolic etiology had relatively
higher level of serum miR-143-3p, miR-433-5p, and miR-584-5p. There were significantly
high level of serum miR-433-5p and miR-584-5p in ischemic stroke due to cardioembolic
stroke when compared to small vessel disease. This study also demonstrated significantly
high level of serum miR-143-3p in cardioembolic stroke compared to ischemic stroke due
to large vessel atherosclerosis. However, miR125a-5p, miR-125b-5p, and miR-143-3p
had not been shown to have difference level of expression with regards to ischemic stroke
subtypes in previous study (58). The level of expression of most of miRNAs selected for
analysis in our study are independent of ischemic stroke etiology which also highlight the
potential of these MiIRNAs as ischemic stroke biomarker candidates. Nonetheless, our
findings should be interpret with cautions since the sample size in each ischemic stroke
subtype was small.

To our knowledge, our study is the first to evaluate the level of miRNAs and
protein biomarkers in different regions of cerebral infarction. Serum miR-376a-3p and
S100 had significantly higher level in cerebellar infarction compared to brainstem
infarction. Interestingly, the level of miR-376a-3p significantly elevated in acute phase of
ischemic stroke and decreased by day 90 in the temporal expression profile study. Since
the miR-376a-3p has not been previously reported as potential biomarker for acute
ischemic stroke diagnosis, this finding from our study demonstrated potential of miR-
376a-3p as possible brain region-specific biomarker. Further study focusing on serum
miR-376a-3p expression and cerebellar infarction is recommended. Due to small number
of patients in each subgroup in this analysis, the result should be interpret with caution.

The discriminative ability to diagnose central vertigo was demonstrated by
analysis of the receiver operatic characteristic curves. Five miRNAs including miR-125a-
5p, miR-125b-5p, miR-143-3p, MiR-433-5p, and miR-584-5p and 2 protein biomarkers

including S100 and IL-6 were shown to have satisfactory discriminative ability (AUROC
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0.67-0.77). The sensitivity of CT scan for diagnosis of posterior circulation stroke is low
(27). Although MRI has higher sensitivity, it is not widely available especially in the rural
area where stroke specialist is lacking. Therefore, the basis of this study is to identify
potential serum biomarker with high sensitivity to help diagnhose patients with posterior
circulation stroke who presented with acute vertigo. Using proposed cut off level above
299 copies/ pL in serum miR-125a-5p and above 46 copies/uL in serum miR-433-5p, we
were able to achieve sensitivity of 86.96% with acceptable specificity. In order to improve
the discriminative ability, we combine potential miRNA and protein candidates with miR-
125b-5p and IL-6 which had highest discriminative ability demonstrated by AUROC.
However, only combination of IL-6 and miR-584-5p shown significantly increase in
discriminative ability. Further replication study with higher number of participants is
required to evaluate the diagnostic accuracy of these potential biomarker candidates.

The predictive value of potential biomarker candidates were assessed by
univariate and multivariate logistic regression analyses. All of 5 miRNAs including miR-
125a-5p, miR-125b-5p, miR-143-3p, miR-433-5p, and miR-584-5p demonstrated to have
satisfactory discriminative ability for central vertigo diagnosis in ROC analysis were
associated with the diagnosis of ischemic stroke due to cerebellar or brainstem infarction
in the univariate analysis. In addition to the 5 miRNAs, miR-584-3p was shown to be
associated with the diagnosis of cerebellar or brainstem infarction after adjustment for
baseline characteristics.

Out of 10 selected miRNA candidates from the discovery phase by
NanoString analysis, we were able to demonstrate 5 miRNAs as potential posterior
circulation stroke biomarkers. These miRNAs are miR-125a-5p, miR-125b-5p, miR-143-
3p, miR-433-5p, and miR-584-5p. All of these 5 miRNAs demonstrated significantly high
level in serum of patients with central vertigo due to acute cerebellar or brainstem

infarction compared with those with peripheral vertigo. In addition, these 5 miRNAs were



107

shown to be associated with central vertigo and had satisfactory discriminative ability to
differentiate between central and peripheral vertigo. Among these, miR-125a-5p, miR-
125b-5p, and miR-143-3p had been previously identified as potential biomarkers for acute
ischemic stroke by RNA sequencing analysis. Platelets were demonstrated to be potential
source of these circulating miRNAs. The level of these 3 miRNAs increased by an
increasing concentration of platelets that were spiked back into the platelet-poor plasma
(58).

MiR-125a-5p may have multiple roles in ischemic stroke pathophysiology.
MiR-125a-5p was shown to impair endothelial cell angiogenesis in elderly through the
repression of related transcriptional enhancer factor-1 (RTEF-1) and modulation of
endothelial nitric oxide synthase (eNOS) and vascular endothelial growth factor (VEGF)
(90). An in vivo experiments demonstrated that miR-125a-5p regulate blood brain barrier
function. There was significant increase in brain endothelial barrier function in
overexpressed miR-125a-5p cell lines (91). In addition, miR-125a-5p plays an important
role in regulating differentiation of macrophages by promoting M2 macrophages
(alternative activation) which are anti-inflammatory and suppressing M1 macrophages
which are proinflammatory (92).

MiR-125b expression in the endothelial cells was induced by tissue hypoxia
in an animal model of murine hindlimb ischemia by femoral artery occlusion. This leads to
inhibition of vascular endothelial (VE)-cadherin mRNA and in vitro tube formation by
endothelial cells (93). MiR-125b was also shown to regulate synaptic structure and
function by inducing long narrow dendritic spines and opposing normal dendritic
protrusions (94). Furthermore, miR-125b-5p had previously been shown to be a potential
predictive biomarker for ischemic stroke outcome. In a prospective cohort study, plasma

level of miR-125b-5p was higher in patients who received thrombolytic therapy with
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unfavorable outcomes defined by mRS scores of 2-6 and was correlated with stroke
severity by NIHSS and infarction volumes (95, 96).

MiR-143 along with its counterpart, miR-145, which were co-transcribed
together, were shown to be highly expressed in vascular smooth muscle cells of various
organs and essential for controlling contractile phenotype (97, 98). Both miR-143 and
miR-145 were demonstrated to promote differentiation and suppress proliferation of
vascular smooth muscle cells by regulating serum response factor (SRF) to repress
factors that promote proliferative smooth muscle phenotype (99). Plasma miR-143 was
significantly higher in patient with large vessel atherosclerotic stroke and atherosclerotic
patients without stroke when compared to healthy controls. In addition, plasma miR-143
level was shown to be correlated with the severity of cerebral atherosclerosis (100).
Interestingly, upregulation of circDLGAP4, which is endogenous miR-143 inhibitor, were
demonstrated to decrease blood brain barrier damage, decrease area of infarction and
reduce the neurological deficits in the mouse stroke model of transient middle cerebral
artery occlusion (101).

We discovered 2 novel miRNAs which were miR-433-5p and miR-584-5p as
potential biomarkers for posterior circulation stroke diagnosis. MiR-433 is highly
expressed in brain tissue (102). MiR-433 has previously demonstrated to be associated
with some neurological disorders. It was shown that miR-433 regulates Ol-synuclein
expression by controlling the translation of fibroblast growth factor 20 (FGF20). Disruption
of miRNA-433 binding site increases the translation of FGF 20 both in vifro and in vivo
(103). Subsequent study showed that plasma level of miR-433 was significantly reduced
in patients with Parkinson’s disease; therefore, was potential biomarker for Parkinson’s
disease (104). However, previous studies in animal model of cerebral ischemia and
traumatic brain injury demonstrated contrast findings of miR-433 to our study in ischemic

stroke patients. MiR-433-3p was down regulated in hippocampus of animal model of
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controlled cortical impact injury (105). In addition, miR-433 was down regulated in
hypoxia-induced human umbilical vein vascular endothelial cells (HUVECs) and rat
neurons. Upregulation of miR-433 inhibited cell migration and proliferation of HUVECs
and neurons by targeting Hypoxia-Inducible Factor-1QU (HIF-1QL) (106). Further study is
recommended to assess whether the significant increase of miR-433 in acute ischemic
stroke patient demonstrated in our study is related to patient outcomes.

However, previous studies has demonstrated the function of miR-584 in
other neurological diseases. In patients with relapsing-remitting multiple sclerosis, miR-
584 expression in blood cells was shown to be significantly higher compared to healthy
controls (107). In addition, miR-584 has been demonstrated to have tumor suppressive
functions in breast cancer (108), renal cell carcinoma (109), glioma (110), and
neuroblastoma (111). In neuroblastoma, matrix metalloproteinase 14 (MMP-14) is
essential for tumorigenesis and aggressiveness. Binding site of miR-584-5p was identified
in MMP-14 promotor. It was shown that miR-584-5p was down regulated and inversely
correlated with MMP-14 expression in neuroblastoma tissue (111).

Although previous studies demonstrated the potential of miRNAs as stroke
biomarkers, none of these studies focusing on the diagnosis of ischemic stroke in the
posterior circulation especially among patients presented with acute vertigo(58, 70, 112).
However, due to the diagnostic challenges of acute vertigo based on clinical findings,
several studies had focusing on the serum proteins as potential diagnostic biomarkers to
identify patients with acute vertigo due to cerebrovascular cause. Serum S100B had been
demonstrated to be present at significantly higher level in patients who had acute vertigo
with positive MRI findings (113, 114). In addition, serum S100b level were significantly
higher in patients with acute vertigo due to stroke when compared to patients with
nonvascular vertigo (115). These findings were in keeping with the results from our study

which demonstrated the significantly higher level of serum S100 among patients with
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acute central vertigo due to cerebellar or brainstem infarction compared to those with
peripheral vertigo in both acute phase and temporal expression profiles study. In contrast
to our study which demonstrated non-significant difference regarding the serum level of
NSE among patients with acute central and peripheral vertigo, Zuo L, et al. found that
serum NSE were significantly increased in patients with acute vertigo who presented at
the hospital within 24 hours after onset due to cerebral infarction (116). Acute vertigo
patients with positive MRI had significantly higher level of serum NSE compared to those
with MRI negative (113). In addition, an increased NSE was one of the strongest indicators
of acute vertigo due to stroke in the the multivariate logistic regression (116). The
difference in time of enrollment after onset of acute vertigo might explain the non-
significant difference in the serum NSE level in our study. Although several studies
evaluated the serum IL-6 level in stroke patients (45, 117, 118), none of these focusing in
patients with ischemic stroke who presented with acute vertigo.

Our study demonstrated to be the pioneer study in the field of stroke
biomarker. This study is the first to demonstrate the potential miRNA biomarkers in
patients with posterior circulation stroke who presented with acute vertigo. This study is
also the first study to use molecular barcoding technique by NanoString nCounter
Technology in the discovery phase. This technique has been shown to have high
sensitivity and less bias introduction which is due to no requirement of library preparation
and amplification. In addition, serial measurement of the biomarkers was performed to
demonstrate the temporal expression profile of each biomarker. This study also included
protein biomarkers of ischemic stroke that represent different cell types involved in stroke
pathophysiology including neurons, glial cells, and inflammatory cytokine in the analysis.

This study has some limitations. First, the result is based on discovery phase
and validation phase including relatively small number of patients in each group.

Independent replication cohort is essential to validate the novel findings from our study.
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Second, this study enrolled patients from a single center. Finally, although we enrolled
patients with acute vertigo symptoms within 72 hours upon hospital arrival, most of the
patients in central vertigo group had onset to blood collection time after 24 hours. This
may represent the fact that most of patients with acute vertigo usually arrive to the hospital
late.

In conclusion, this study demonstrates the different miRNA expression
profiles among patients presented with acute vertigo from cerebellar or brainstem
infarction and peripheral vertigo. Specifically, this study discovered novel miRNA
candidates including miR-433-5p and miR-584-5p and supports previously studied
miR125a-5p, miR-125b-5p, and miR-143-3p as potential biomarkers for posterior

circulation stroke diagnosis among patients presented with acute vertigo.
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