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Effects of L-arginine on the acute phase of
strokes in three patients with MELAS

Y. Eoga, MD, PhD; M. Ishibashi, MD, PhD; 1. Ueki, MD;
S. Yatsuga, MD; R. Fukiyama, MD; Y. Akite, MD, PRD; and
T. Matsuishi, MD, PhD

The primary cause for strokelike episodes in young patients with
MELAS (myopathy, encephalapathy, lactic acidosis, and stroke-
like episodes)—whether mitochondrial cytopathy, angiopathy, or
both—remains controversial. Based op. a hypothesis that stroke-
like episodes in MELAS are caused by segmental impairment of
vasodilation in intracerebral arteries, we administered L-arginine
to three patients with MELAS in the acute phase of stroke (within
1 hour of onset) and evaluated effects on clinical course, biochem-
jcal measurements, and functional cerebral hemodynamics accord-
ing to #*=Tc¢-ECD SPECT.

Patients and methods. Patients, Patient 1 was a 17-year-old
woman referred to the hospital for periedic vomiting, hemiconvul-
sion, end short stature (below 2.7 SD). Patient 2 was an 18-year-
old women who was admitted to the hospital for generalized
muscle weakness, periodic vomiting, hemiparesis, and short stat-
ure (below 1.5 SD). Patient 3 was a 15-year-old boy referred to our
hospital for hemiblindness, hemiconvulsions, vomiting, and short
stature {(below 2.8 SD).

All patients showed extensive calcification in the basal ganglia,
lactic acidosis (3.8 to 5.6 mmol/L; normal range 0.3 to 1.3) and a
high lactate/pyruvate (L/F) ratio (exceeding 20). A muscle biopsy
specimen showed ragged-red fibers and the gercentage mutation
in the A3243G of mitochondrial tRNA™ gene is 87% in Pa-
tient 1, 74% in Patient 2, and 58% in Patient 8. Growth hormone
levels were low in basal secretions and were not induced by 0.5
mgfkg/dose of L-arginine loading test in all patients studied.

Methods. Patients gave informed consent, and the L-arginine
study protocol was approved by the University Ethics Committee
(Kurume University Institutional Review Board no. 9715). Pa-
tients had been admitted to the hospital 16 times for strokelike
episodes. On these occasions, patients took part in this L-arginine
vs placebo study beginning within 1 hour of onset of strokelike
symptoms. Patients were administered L-arginine (0.5 g/kg/dose}
as & 10% solution. in nine separate strokelike episodes; a placebo
(5% dextrose, 0.5 g/lkg/dose) in four other episodes; and D-arginine
(in a 10% solution) in the last episode. Each treatment was given
IV over 15 minutes during the acute phase of stroke. The follow-
ing symptoms were evaluated before and at 156 minutes, 30 min-
utes, and 24 hours after administration: headache (scored on a
scale from 0 [no pain] to 3 [severe pain)), clinical disability (scored
from 0 [no disability] to 3 [severe disability]), nausea (present or
sbsent), vomiting (present or absent), and teichopsia (present or
absent), as described elsewhere.! Biochemical measurements were
determined including the concentrations of L-arginine, L-citrulline,
pyruvate, and lactate, as well as the L/P ratio in serum or CSF.
Nitric oxide metabolites (NOx) in urine were algo measured. In-
tracranial hemodynamics were measured using ECD-SPECT {ap-
proximate total radicactivity, 740 MBq) before and after
L-arginine administration.

Statistical analyses were performed Fisher's exact test for the
clinical improvements, and Student’s ¢-test for the biochemical
measurements. The level of significance was set et p < 0.05.

Discussion. After administration of 1-arginine, all symptoms
suggesting stroke except teichopsia dramatically improved (see
the table on the next page). Effects on headache, nausea, and
vomiting were marked, However teichopsia remained for several

5oy
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days after L-arginine treatment. The reason that teichopsia re-
mained after several days after L-arginine treatment is unclear,
No adverse effects were shown. Mean arterial pressure after
L-arginine treatment reached a minimum at 30 minutes after
administration, coinciding with the 1-citrulline peak. Lactate and
pyruvate levels in serum were significantly improved at 24 hours
after treatment, and were comparablée to those measured during
periods of well being (see the table).

At 30 minutes after L-arginine injection, uptake in the de-
creased regional cerebral blood flow (rCBF) in the ischemic region
was improved on SPECT; however, the percent increase was Iess
than 13% of the increase on the contralateral side. Because
L-arginine did not show the responsive cerebral vasodilation dur-
ing the ischemic process,® we cannot analyze the percent increase
in rCBF aceurately because the areas contained the old infarction.
Luxury perfusion in the ischemic area has been reported even 4
months affer a strokelike episode?® In this study, we wanted to
prevent ischemic brain damage in the acute phase of a strokelike
episode in MELAS by using L-arginine to induce vasodilation.
L-Arginine is a potent donor of nitric oxide, which may reduce
ischemic damage in the acute phase of focal brain ischemia by
increasing CBF,* inhibiting postischemic leukocyte—endothelial
adhesion,? decreasing the amount of hydroxy radical,® and inhibit-
ing the potentially neurcexcitotoxic NMDA. receptor.” However,
]e;;act mechanisms invelving L-arginine and NO are not yet fully

own.

Our data indicate that L-arginine therapy improved microcir-
culation and reduced tissue injury from ischemia; therefore, it
represents a potential new therapy for use in the acute phase of
strokelike episodes in MELAS.
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Table Effacts of L-arginine

After administration
Before
Symptoms/measurements administration 15 min 30 min 24h
Clinical symptoms in three patients with MELAS*

Headache (improvement from score 3/2 to 1/0)

L-Arginine 0/9 0/9 4/91 5/9t

Placebo o7 07 177 U7
Clinical disability {improvement from score 3/2 to 1/0)

L-Arginine 0/9 0/% 4/9% 5/81

Placeho] 07 07 o7 07
Nausea

L-Arginine 0/9 0/9 4/91 4/9%

Placebof o7 o/7 07 w7
Vomiting

L-Arginine 3/9 3/9 5/81 6/91

Placebo{ 07 o7 0/7 17
Teichopsia

L-Arginine 0/9 0/9 0/9 1/9

Placebo] 07 o7 07 o7

Biochemical measurements, mmol/L, in Patient 1
(normal values)t

L-Arginine, blood (0.10 * 0.04) 0.06 = 0.01 10.6 + 0.05§ 4.7 + 001§ 0.08 +0.01
L-Citrulline, blood (0.02 * 0.01) 0.08 £ 0.01 0.12 + 0.01§ 0.18 = 0.01% 0.09 +0.01
Pyruvate, blood (0.10 £ 0.02} 0.22 > 0.02 0.21 = 0.01 0.20 = 0.04 0.15 + 0.02§
Lactate, blood (1.02 + 0.08) 446 * 1.02 6.48 * 0,79§ 7.28 * 0.55§ 2.85 * 0.47§
L/P ratio, blood 17.8 + (.58 254 + 7.97 28.0 £ 815 16.2 + 1.03
Pyruvate, CSF 0.32 ND ND 0.22
Lactate, CSF 4.86 ND ND 3.22

* Numbers indicate the number of occasions when improvement was seen relative to the total number of episodes.

1 p < 0.05 by Fisher's exact test.

+ Numbers indicate mean * SD in four separate occasions of strokelike episodes.

§ p < 0.05 by one-tailed student's ¢-test.

7 5% dextrose (0.5 gkg/dose) in four other episodes and D-arginine in three episodes.

ND = not determined.
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Abstract

Accumulation of RNA 19 has been associated with mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes. We
analyzed total RNA in muscle specimens from six patients who had one of three pathogenetic point mutations in the mitochondrial tRNA LR
gene, including A3243G, T3271C, and T3303C. Mitochondrial processing intermediates were identified and quantitated by Northern blotting. The
percentage of DNA with the mutation also was determined in each patient. The intermediate (RNA 19) was significantly increased in all patients.
The propostion of mutation-carrying RNA in processing intermediates was always higher than in the DNA fraction, suggesting that these
mutations may have dominant-negative effects on mitochondrial RNA processing events at the tRNA™ ™ gene boundary.

© 2002 Elsevier Science B.V. All rights reserved,
Keywords: Mitochondrial DNA mutation; RNA; Dominant-negative effect

1. Introduction

Patients with a mutation at the tRNAL®U® gene boundary
show varied clinical manifestations such as mitochondrial
myopathy, encephalopathy, lactic acidosis and stroke-like
episodes (MELAS), encephalomyopathy, Leigh disease,
maternally inherited diabetes mellitus, chronic extemnal
ophthalmoplegia, and cardiomyopathy. Understanding geno-
type-phenotype correlations in the MELAS patients will
require much investigation of complex and incompletely deli-
neated pathogenetic mechanisms. Mitochondrial processing
intermediates (RNA 19), which consist of RNA species of
the 165 rRNA/MRNAMVRYND 1 genes, were originally
discovered in the transmitochondrial cell lines containing
the A3243(G mutation associated with MELAS [1]. RNA 19
has also been detected in cybrid cells containing a mutation at
position T3271C [2] or C3256T {3] in the tRNA™® gene,
and abnormal accumulation of RNA 19 has also been detected
. in muscle cells and fibroblasts from a patient with a T3302C
mutation [4], and in muscle cells with an A3243G mutation in
the tRNAYVY® gene [5]. Such findings imply that abnormal
mitochondrial RNA processing contributes to the pathogen-
esis of disease caused by t(RNA*UU® gene mutations. In 1998

* Corresponding author. Tel.: +81-942-31-7565; fax: +81-942-38-1792.
E-mail address: yasukoga@med kurume-.ac.jp (Y. Koga).

we found that abnormal accumulation of RNA. 19 caused
dominant-negative effects in association with an A3243G
point mutation in the mitochondrial tRN AR gene [6].
On investigating the molecular pathogenetic mechanisms
underlying MELAS, interpretation of observations in
cultured cells such as those above presented a major
problem because the experiments were carried out in
immortalized cell lines, usually derived from tumors. Char-
acteristics of such aneuploidy are not constant, even for a
given cell line. To avoid problems of interpretation in
connection with aneuploidy, we used tissue specimens
from patients to determine genotype-phenotype relation-
ships associated with point mutations in the tRNA™*™®
gene, We analyzed steady-state levels and percentages of
processing intermediates in patients having four different
clinical phenotypes including Leigh encephalomyelopathy,
MELAS, progressive external ophthalmoplegia (PEQO), and
mitochondrial cardiomyopathy. Each patient had one of
three MELAS related point mutations in this region
{A3243G, T3271C, or T3303C). Our aim was to determine
the biologic significance of gene processing at the mito-
chondrial tRNALSUUR) boundary, and to examine whether
tissue-specific mitochondrial RNA processing might be
responsible for the clinical heterogeneity associated with
point mutations in the mitochondrial (RNA™*VY® gepe.

0960-8966/02/3 - see front matter © 2002 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0960-8966(02)00267-5
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Table 1
Clinical and genetic findings in patients®
Patient 1 2 3 4 5 6
Phenotype Leigh MELAS MELAS PEO MELAS MMP
Onset/biopsy (y) 144 3/13 23126 32142 18/18 0.4/0.5
Outcome () death(9) alive alive alive alive death (0.6)
RRF (%) 68 5 6 0.5 3 59
85Vs + + + - + +
Point mutation A3243G A3243G A3243G A3243G T3271C T3303C
% RNA 19 in the total ND 1 signal (control 3.5 + 0.8)

21.6 14.1 15.5 17.2 126 279
% Mutation in muscle homogenate in DNA

92 87 74 a3 65 67
% Mutation in RNA 19 fraction (control, 0%)

96 92 86 89 87 96

* Key: Leigh, Leigh encephalomyelopathy; MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis and strokelike episodes; PEO, progressive
external ophthalmoplegia; MDM, mitochondrial diabetes mellitus; MMP, mitochondrial myopathy; RRF, ragged-red fibers; and SSVs, strongly succinate
dehydrogenase-hyperreactive vessels. The control value for % RNA, 19 is expressed as the mean =+ SD of the percent of the total hybridization signal (N = 8).

2. Patients and methods
2.1. Patients

Clinical and genetic findings in the patients in this study
are summarized in Table 1. Patients 1-4 had an A3243G
mutation in the mitochondrial tRNAMVUR gene and were
described as patients 1-4 in a previous report [7]. A detailed
clinical suramary of patient 6 also has been reported [8]. All
patients gave informed consent for participation in this
study, which was approved by the local ethics committee
(Kurume University IRB#9715).

2.2. DNA and RNA analysis

Total DNA was extracted according to an established
protocol [1). Previously described methods were used to
screen for A3243G [1], T3271C [2], and T3303C [8] muta-
tions. Total RNA was isolated and analyzed by a method
described previously {1]. RNA hybridization signals were
quantitated using a BAS 2000 II Bioimage Analyzer (Fujix,
Tokyo, Japan).

2.3. Mutation analysis of mitochondrial RNA processing
intermediates

Mitochondrial RNA processing intermediates including
RNA 19 were excised individually from gels after electro-
phoresis to eliminate any contaminating DNAs and RNAs.
RNA was extracted using a gene matrix method (Gene Clean,
Bio 101, CA) and then digested with RNAse-free DNAse T
(Takara Biomedical, Tokyo, Japan). Using the same set of
primers used for DNA analysis, the RNA processing inter-
mediates were amplified from the tRNAM™U® fraction
using a ‘hot start’ program and the thermostable rTth reverse
transcriptase RNA polymerase chain reaction (PCR) system

(Perkin Elmer Cetus, Norwalk, CT). RNA (100 ng) was
amplified by 1Tth DNA polymerase-PCR, for 1 cycle of 2
min at 94°C, followed by 35 cycles of 1 min at 95°C, and 1
min at 60°C, and then a final cycle at 60°C for 7 min. To this
PCR product were added 10 mCi of [a->’P] dATP (3000 Ci/
mmol), and 2.5 U of Tag polymerase; this mixture was incu-
bated for 2 min at 94°C, 1 min at 35°C, and 10 min at 72°C.
The resulting products were digested as in the DNA analyzes.
DNA restriction fragments were measured quantitatively
using the same procedure described above,

3. Results and discussion

We analyzed steady-state levels and processing of RNAs
derived from the region of the tRNAX*UU®) gene boundary
in autopsy and biopsy tissues samples from six patients
harboring mutations of A3243G, T3271C, or C3303T in
the tRNAMVR) sope, Steady-state levels of processing
intermediates in muscle from patients who had a point muta-
tion in the tRNA™M'TY® gene were significantly higher than
those seen in normal tissues (Fig. 1 and Table 1), This
patient showed 96% of the RNA 19 fraction contained the
mutation in patient 6 with T3303C, the greatest accumula-
tion of RNA 19 (eight times the control total ND 1 signal,
and 1.7 times the control total tRNA"'™® signal). Sixty-
seven percent of DNA from muscle homogenate contained
the T3303C mutation (Fig. 2). Patient 1, who showed the
second highest accumulation of RNA 19 (21.6% of the total
ND 1 signal), also had the highest percentage of mutation in
DNA. from muscle homogenate (92%) among patients with
an A3243G. Both patients died during the first decade of
life.

In controls, the highest percentage of RNA 19 was present
in the brain (Fig. 1), which suggests an important role for this
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— 168 rRNAARNALen(UURYND 1
(RNA 19)

ll— ND 1+ (RNALeuUURYND 1

Fig. 1. Northem (RNA) hybridization analysis of normal human tissues. Auto-
radiograrms of the hybridization blot of total RN A isolated from various tissues
from a normal individual are shown. The two species hybridizing tothe ND |
probe are indicated at the right. One is approximately 2600 nucleotides (nt) in
size and corresponds to RN A, 19, while the other is approximately 950 nt and
corresponds to ND 1 and to tRNAYUU™ plus ND 1, RNA 19 also was detected
by the 165 rRNA probe and by the tRNAYUUR probe (data not shown),

intermediate in neurclogic aspects of MELAS such as stroke-
like episodes. In our study, steady-state levels of RNA 19 in
human tissues showed variation possibly resulting from
differences in energy dependency, tissue-specific factors or
mitochondrial RNA processing capacity of the cells; these
variables may be controlled by the nuclear genome. Steady-
state levels of processing intermediates differ between
tissues, and a strong inverse correlation can be demonstrated
between the level of RNA 19 per cell and the rate of oxygen
consumption in cybrid cell lines in vivo [1]. Tissues such as
brain, heart, muscle, and pancreatic B-cells may lose some
tolerance to respiratory insufficiency when processing inter-
mediates accumulate, Certain mutations in the human mjto-
chondrial tRNA**UU® gene have been reported to interfere
directly with efficient processing of the tRNA precursor in
vitro [9]. Our patients 1 and 6, who died in their first decade,
showed higher accurmnulations of RNA 19 (greater than 27%
of the total ND 1 signal and more than 46% of the total
tRNAYUUR gional) than our other patients who survived.
Although the T3303C mutation showed no marked effect on
processing in vitre [9], a severe processing abnormality was
observed in patient tissues. The degree of RNA 19 accumnla-
tion does not always correlate with the percentage of muta-
tion in a DNA-based analysis; this was especially true in
patient 6. Accumulation may be influenced by the location
of the mutation within the tRNA'*"U® gene, and also the
processing capacity of individual tissues. The processing
intermediates with normal segments encoding runes might
be incorporated into ribosormne and render them functionally
deficient ‘ribosome-stalling’ [10]. Even low levels of proces-
sing intermediates could exert strong inhibitory effects on the
mitochondrial translation system, especially with the longer
translation products seen in the mutant cybrids [2]. While we

P6 P5 P4 P3 P2 P1 C

sl | ]

—— RNA 19

—— ND 1+ tRNALen(UURYND 1

67 65 33 74 87 92 0 % mutation in homogenate (DNA)

Fig. 2. Northem (RNA) hybridization analysis of patient tissues. Autora-
diograms of hybridization blots of total RNA isolated from muscle biopsy
specimens from six patients are shown. The two species hybridizing to the
ND 1 probe are indicated at the right. One approximately 2600 nt in size,
corresponds to RNA 19, while the other, at approximately 950 nt, corre-
sponds to ND 1 and (RNAMVR plps ND 1, RNA 19 also was detected
with the 165 tRNA probe (data not shown). Steady-state levels of each
processing intermediate are shown in Table 1, and are expressed as a
percentage of the total ND 1 or tRNAMUY gienals,

know little concemning the biologic significance of the
processing intermediates, we might speculate that intermedi-
ates such as RINA 19 could be involved in controlling respira-
tory chain enzyme activity, or could serve as a messenger by
which mtDNA communicates with nuclear DNA in disease
states.

Combined with our previous observations [6], the present
findings indicate that percentages of mutations in the proces-
sing intermediates are always higher than percentages in
mtDNA. This suggests that processing intermediates that
contain mutations, including RNA 19, may be more difficult
to process than wild-type segments. However, no qualitative
differences in the processing of the 5'- or 3’-ends were noted
between cybrids with mutant DNA and cybrids with wild-
type DNA. In the present study, we analyzed two additional
point matations in the tRN. ALUUUR pene, with results similar
to those seen with A3243G. Our data indicate that dominant-
negative effects in mitochondrial RNA processing can occur
when a point mutation is present at the tRNAM“VUUR gene
boundary. However, we have no definitive evidence demon-
strating more rapid accumulation of mutant RNA 19 in any
specific tissue. RNA 19 elevations have not been observed in
myoclonus epilepsy with ragged-red fibers or in the Kearns-
Sayre syndrome cybrid system. On the other hand, accumu-
lation of RNA 19 has been reported in patients with a novel
point mutation in the mitochondrial (RNA™WR gene. We
therefore suspect that accumulation of RNA 19 may be a
specific consequence of mitochondrial tRNAM* VU™ muta-
tions.
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