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A mutation in mitochondrial DNA, which was origi-
nally identified in patients with mitochondrial myop-
athy, encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS), can be associated with a subtype of
diabetes mellitus. To determine the molecular and his-
tological basis of impaired insulin secretion in the
subjects with this mutation, we studied autopsy pan-
creata specimens from eight subjects diagnosed as
having MELAS. The 3243 bp mutation was identified in
seven out of eight pancreata examined. Immunohisto-
chemical studies demonstrated a reduction in total
islet mass, and in the numbers of both B and A cells. No
evidence of insulitis or apoptosis was found. These
data suggested that the 3243 bp mutation may cause
the reduction of islet cells, mainly through mecha-
nisms other than autoimmune destruction. o 1999
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A subtype of diabetes mellitus associated with a
mutation in mitochondrial DNA (an adenine to gua-
nine transition at position 3243 in transfer RNA
(tRNA)-“Y™ mutation; herein referred to as the 3243
bp mutation) appears to constitute approximately 1%
of diabetic patients in Japan and Western countries
(1-6). The term MIDD (maternally inherited diabetes
and deafness) has been proposed for this subtype of
diabetes mellitus because of its characteristic features
(7,8). Initially, it was supposed that the functional
defect of mitochondrial oxidative phosphorylation in
pancreatic B cells may blunt glucose-regulated insulin
secretion. However, many of the patients carrying the
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mutation show a progressive decrease in insulin secre-
tion and some are clinically diagnosed as having sec-
ondary failure to sulfonylurea or slowly progressive
insulin-dependent diabetes mellitus (IDDM) (5), sug-
gesting the reduction of B cell mass. To examine this
idea, we performed molecular and histological analysis
of pancreata from diabetic subjects with mitochondrial
myopathy, encephalopathy, lactic acidosis and stroke-
like episodes (MELAS), most of whom are expected to
have this mutation.

MATERIALS AND METHODS

Specimens of pancreata from patients with a clinical diagnosis of
MELAS. Fixed and embedded pancreas samples were obtained
from eight autopsied patients with a clinical diagnosis of MELAS
randomly selected from the 1990-1993 annuals of pathological au-
topsy cases in Japan. The control blocks of postmortem pancreata
were obtained from three non-diabetic subjects in their thirties and
from an IDDM patient with the duration of four months who died
from hypoglycemia at the age of 35.

Brief clinical profiles of these subjects are shown in Table 1. All the
eight patients were clinically diagnosed as having MELAS from
neuromuscular symptoms and some from muscle biopsy. In patient 2
and 3, the 3243 bp mutation had been detected in DNA from muscle
tissue; however, it was not detected in DNA from circulating blood of
patient 2. Other patients had not been investigated for the existence
of the 3243 bp mutation before they died. Five of the eight patients
had been treated with insulin and one patient had impaired glucose
tolerance on a 75 g oral glucose tolerance test according to the World
Health Organization criteria (9). Three diabetic patients were inves-
tigated for insulin secretory capacity, all of whom had low levels of
serum C-peptide, and patient 3 was clinically diagnosed as having
IDDM.

Pathological examination of pancreata from patients with the 3243
bp mutation. Five micron serial sections were cut from all the
formalin fixed paraffin embedded blocks of pancreata. Each section
was stained by hematoxylin and eosin. Immunohistochemical stud-
ies were performed by the avidin-biotin peroxidase method (10) using
the following antisera: anti-insulin, anti-glucagon, and anti-
leukocyte common antigen supplied by LIPSHAW, Pittsburgh, Pa.
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TABLE 2
Histopathology of Pancreas of the Eight MELAS Patients

Patient 1  Patient 2

Patient 3

Patient 4 Patient5 Patient6 Patient 7 Patient 8

Heteroplasmy of whole pancreas (%) 72 32

63 48 25 45 not detected

For quantification of the islets, the total section area of 1 cm® was
investigated for each individual block, and the number of islets was
counted and the largest diameter of each islet was determined under
a microscope. The numbers of A cells and of B cells were estimated by
counting hormone-positive cells per 1 cm? area. The existence of
apoptosis was investigated by TUNEL method using an Oncor Apop
Tag In situ Detection kit (Oncor, Inc. Gaithersburg, Germany) as
manufactures’ instruction. Although it is true that these immuno-
histochemical methods may sometimes fail on formalin fixed paraffin
embedded samples, we have recently applied these methods to the
similarly prepared blocks from diabetic OLETF rat (11), in which we
successfully demonstrated apoptosis in the pancreas.

Detection of the 3243 bp mutation from total pancreata and islets.
DNA was extracted from tissues using a modified phenol-
chloroform extraction method (12,13). The segments spanning
nucleotides at position 3243 were amplified by PCR using *P-
labeled primers (5'-GCCTTCCCCCGTAAATGATA-3’, 3163-3182;
5'-AGGTTGGCCATGGG-TATGTT-3’, 3323-3304) and resulted in
160 bp fragments. The cycling parameters were: denaturing for 2
min at 94°C; annealing for 2 min at 45°C, and extension for 2 min
at 72°C for 35 cycles, with a final extension for 7 min at 72°C. PCR
products with the 3243 bp mutation were digested into two 80 bp
fragments with Apa | at 37°C overnight. The reaction products
were electrophoresed on 8% polyacrylamide gel and the radiola-
beled bands of 160 bp and 80 bp were counted in a Fuji BAS 2000.
We used the binomial correction factor determined by Schoffner et
al. (14) to avoid underestimation of the proportion of mutant
mitochondrial DNA. Islets were picked up from a section of pa-
tient 7 by microdissection under a microscope (Fig. 1a), and DNA
was extracted separately from the islets and the remaining exo-
crine pancreas and subjected to mutation detection.

RESULTS

Molecular Evaluation of the 3243 bp Mutation
in Pancreata Specimen

PCR fragments from pancreata blocks generated
80 bp fragments of DNA after Apal digestion, indi-
cating that a portion of mtDNA contained the 3243
bp mutation. Sequencing of the amplified fragments
confirmed the presence of this mutation in these
cases (data not shown). The degree of heteroplasmy
was then determined for each pancreas (Table 2). In
patient 7, the degree of heteroplasmy in acinar cells
(exocrine) and islet cells (endocrine) was 45% and
43%, respectively (Fig. 1b), suggesting that there
may not be big difference between these two cell
types in this regard.

Pathological Findings

Pathological findings of each pancreas in hema-
toxylin-eosin and immunohistochemical staining are

b 1 2
160bp—> e
80bp > -

i

FIG. 1. (a) The islet of patient 7 was stained with hematoxylin
and eosin staining (above). The islet was picked up by a micro-
dissection method (below). (b) ldentification of the 3243 bp
mutation from the pancreas specimen. Lanes 1 and 2 repre-
sent islets and remaining exocrine cells, respectively. *P-labeled
PCR products (160 bp) is digested with Apa I. The presence of
mutant mitochondrial DNA resulted in the formation of 80 bp
fragment. The heteroplasmy rate was 43% (lane 2) and 45% (lane
2), respectively.

151



Vol. 259, No. 1, 1999

FIG. 2.

' .,;i} - «.-‘t :
.‘:.‘ﬁ"&" .A 5’% M
ol | | \ 3':3: .1:‘ !
'q.ag.t:".'%e.
L
ROV

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

;-r

(a) Immunohistochemical staining for insulin (ins) and glucagon (glu). An IDDM patient (1) (x200) who died at the age of 35, with

a four-month duration of diabetes mellitus as a control subject. Patient 1 (A) (x400). (b) Immunohistochemical staining for insulin (ins) and

glucagon (glu). Patient 6 (B) (x200) and patient 7 (C) (x200).

summarized in Figs. 2a, 2b, 3, and 4. Figures 2a and 2b
demonstrated the atrophy or degeneration of islets.
The number of islets per 1 cm? area of each section
was decreased in all the MELAS patients in compar-
ison with the non-diabetic subjects (Fig. 4). It seems
that islets of larger size were relatively preserved
(Fig. 3). The total number of B cells in any of the
MELAS patients, as well as the IDDM patient, was
reduced. The number of A cells was also reduced in
all the MELAS patients (Fig. 4). No cells were stained
with anti-leukocyte antigen sera, suggesting the ab-
sence of lymphocyte infiltration, and TUNEL method
did not demonstrate the existence of apoptosis.

DISCUSSION

A relatively high proportion of MELAS patients
studied here (five of the eight) had definite diabetes
mellitus treated with insulin, and four of the five
with diabetes had suffered from hearing loss. Al-
though MIDD patients with this mutation are not
generally accompanied by MELAS, we could well
expect that the results shown here could be extrap-
olated to MIDD patients, since the patients with
MELAS and diabetes mellitus shown here shared
almost all the clinical features of patients with
MIDD (5, 7, 15).
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FIG. 3. The number of islets per 1 cm? area of each section. The longest distance of each islet was measured, and all islets were classified
according to the following sizes: 0-5, 6-10, 11-15, 16-20, and 21- um. The squared area demonstrated the number of islets.
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FIG. 4. The total numbers of A cells (black), B cells (white), and islets (shadow) per 1 cm? area of each section.
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The pancreatic islets from general NIDDM patients
showed a variety of histological features (16), and the
most striking finding of these pancreata with the 3243
bp mutation was the markedly reduced number of
insulin-positive cells. The reason for this is unclear. It
is possible that pancreatic B cells are highly sensitive
to mitochondrial dysfunction, which we have recently
suggested in a mouse pancreatic B cell line, BHC9,
using ethidium bromide to inhibit mitochondrial func-
tion (17). Glucose not only regulates insulin release
(18), but is also known to stimulate the growth of B
cells (19,20). Mitochondrial dysfunction may blunt tro-
phic effects of glucose or its metabolites (including
ATP) and lead to the reduction in the number of B cells
(insulin-positive cells).

We also observed a decrease in A cells, which might
differentiate this subtype of diabetes from IDDM
caused by autoimmunity against B cells. This is con-
sistent with the report by Kishimoto et al. (21) which
suggested a defect in A cell function in diabetic pa-
tients with this mutation. Our results are also consis-
tent with another recent paper (22), which reported
reduced number of both B cells and non-B cells in
autopsy pancreata of one clinically insulin-dependent
patient harboring the 3243 bp mutation.

It was originally hypothesized that mutations in mi-
tochondrial DNA in the pancreatic B cells could trigger
autoimmune destruction of these cells, resulting in
reduced insulin secretory capacity (23,24), but subse-
quent reports have been rather controversial on the
involvement of autoimuunity (4,25). In this study, we
did not get any evidence that autoimmune destruction
of pancreatic islets plays a major role in the pathogen-
esis of diabetes with this mutation.

For mitochondrial mutations, it is well known that
the degree of heteroplasmy is different among tis-
sues (26). Indeed in patient 2, we could demonstrate
the existence of the 3243 bp mutation in pancreas,
while it was not detected from peripheral blood. It
has been suggested that pancreatic islets, like neu-
ronal cells or muscle, contain a higher rate of mu-
tated DNA. In patient 7, the degree of heteroplasmy
in islets was almost the same as that in exocrine cells
(43% vs. 45%). Although we were unable to pick up
atrophic islets from other subjects, this suggests that
pancreatic islets are indeed rich in mutated DNA
and that there may be little, if any, difference in the
degree of heteroplasmy between islets and exocrine
cells.

In this study, there was no clear correlation between
the percentage of heteroplasmy in total pancreas and
clinical features or histological findings. This apparent
discrepancy suggested that insulin secretory capacity
may not be determined solely by the number of B cells.
The reason for the discrepancy might also be due to
other genetic backgrounds or environmental factors, as

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

suggested recently for diabetes mellitus associated
with mitochondrial mutation (27).

In conclusion, we have successfully demonstrated
the 3243 bp mutation in the formalin fixed paraffin
embedded blocks, and performed molecular and patho-
logical studies on pancreas and pancreatic islets with
this mutation. Identification of the mechanism leading
to the reduced number of islet cells would open the door
to a new therapy for subjects with the 3243 bp muta-
tion, which may consist approximately 1% of diabetic
patients (5,6,8).
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