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PCR led us to the suggestion that SYP expression in
adrenocortical adenomas may be associated with
functions such as the transport or secretion of at least
glucocorticoids. However, not all cases conformed to our
postulation, because there was one case each among
the APA and NFA cases in which there was an intense
SYP immunoreactivity (staining scores 3 and 2), but no
oversecretion of cortisol. Adrenocortical tumors have
also been known to express some neuropeptides (34,
35), and, hence, the possibility that SYP expression may
be related to the secretion of neuropeptides cannot be
completely ruled out. Further investigation into SYP
expression in adrenocortical lesions, especially in vivo
experiments, is required.
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Abstract Aldosterone-producing adenoma (APA) consist-
ing of pure zona glomerulosa (ZG)-type cells-is extremely
rare, and primary aldosteronism complicated by pregnancy
is also rare. We report a case of APA discovered in a 32-
year-old pregnant woman who visited our hospital for
hypertension and hypokalemia at 26 weeks gestation.
Elevated plasma aldosterone concentration and hypokale-
mia were observed, and an magnetic resonance imaging
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scan demonstrated a right adrenal mass. A laparoscopic
adrenalectomy was performed because of refractory hypo-
kalemia. Pathologically, the adrenal mass was diagnosed as

"APA, and in addition to the cytological features, in situ

hybridization and real-time polymerase chain reaction
proved that all the component cells were ZG-type cells.
The cells also showed estrogen receptor 3 immunoreactiv-
ity and melanocortin 2 receptor mRNA expression, sug-
gesting that estrogen and/or ACTH might be related to the
proliferation of APA cells during pregnancy. Our case is the
first report of APA cousisting of ZG-type cells discovered-
during pregnancy.

Keywords primary aldosteronism - aldosterone-producing
adenoma - zona glomerulosa-type cells - pregnancy -
sex steroid hormone receptor- ACTH

Introduction

Primary aldosteronism (PA) is an important surgically
curable: cause of hypertension resulting from excess
aldosterone production and is rarely associated with
pregnancy [l]. Hypertension and electrolyte abnormality
are risk factors to both mother and fetus [2], so an effective
treatment is imperative. However, the data in a pregnant
patient with PA' may be difficult fo interpret because all
components of the renin-angiotensin--aldosterone system
(RAAS) are stimulated during normal pregnancy [3].

Most PA is caused by either aldosterone-producing
adenoma (APA) or bilateral adrenal hyperplasia (BAH)
[4]. Microscopically, APA consists predominantly of large
lipid-laden clear-type cells resembling those of the zona
fasciculata (ZF) and smaller clear-type cells featuring the
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cytological characteristics of both zona glomerulosa (ZG) and
ZF cells (so-called hybrid or intermediate-type cells) [S].
Recognizable ZG-type cells are also present in many APAs,
but it is extremely rare that ZG-type cells are the sole
component of APA [5]. This report deals with a case of APA
consisting uniquely of ZG cells discovered during pregnancy.

Case Report

A 32-year-old woman visited her local hospital at 11 weeks
gestation for hypertension (168/99 mmHg). Her past history
did not include hypertension, but how long the hyperten-
sion had existed could not be confirmed. Hypokalemia
(2.0 mEqg/l) was detected at 18 weeks gestation. Proteinuria
and peripheral edema were subsequently noted at 24 weeks
gestation. On the workup, she was' discovered to have an
elevated plasma aldosterone concentration (PAC; 82.6 ng/ml;
normal value, 3.6-24.0 ng/dl), and an magnetic resonance
(MRI) scan disclosed a right adrenal mass measuring about
1.5 cm in diameter. She was referred to our hospital for
management of hypertension and hypokalemia. At admission,
her blood pressure (BP) was 140-150/90-100 mmHg. There
was no specific finding in the physical examination, but the
serumn potassium was low (2.3 mEq/1). Hormonal evalua-
tion revealed: elevated PAC (1,270 pg/ml; normal value,
29.9-159 pg/ml), while the plasma renin was within the
normal range (4.2 pg/ml; normal value; 2.5-21 pg/ml). The
plasma’cortisol (F) was normal (17.5 [ig/dl; normal value,
4.5-21.1 pg/dl), and there was no loss of circadian thythm.
She was diagnosed as having PA caused by the right
adrenal mass, although further examinations were not done
because of her pregnancy. A laparoscopic right adrenalec-
tomy was performed at 26 weeks gestation, as’ the
hypokalemia was resistant to aggressive potassium supple-
mentation. After surgery, PAC and potassium levels rapidly
improved, but the BP remained elevated at 140-150/90-
100 mmHg. At no point was any abnormality- detected in
the fetus, and: the baby was safely born by cesarean at
38 weeks gestation.

Materials and Methods

The patient signed a form of informed consent prepared in
accordance  with ‘the rules outlined by the Nagasaki
University Ethics Committee. Tissues were fixed in 10%
buffered formalin and stained with hematoxylin and: eosin.
Immunohistochemical stains were performed using paraffin-
embedded sections and antibodies directed against MIB-1
{(Ddko, Tokyo, Japan), estrogen receptor o (ERot) (Dako),
estrogen receptor 3 (ERP) (Dako), progesterone receptor
(PgR; Dako), and angiotensin 1l type-1 receptor (AT1; Assay
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Designs, Inc., Ml). Normal mouse or rabbit IgG was used
instead of the primary antibody as a negative control. The
number of MIB-1 positive nuclei per 1,000 total tumor nuclei
was counted and the percentage of positive nuclei determined.

In situ hybridization was performed as described
previously [6]. cDNA fragments of melanocortin 2 receptor
(MC2R), steroidogenic acute regulatory protein (StAR),
CYPI11A1, HSD3B2, CYP11B, CYP17A1, and CYP21A2
were obtained by reverse transcriptase-polymerase chain
reaction and subcloned into pT-NOT vector [6]. Antisense
and sense strand cRNAs were synthesized using Digox-
igenin (DIG)-UTP (Roche Diagnostics, Germany) with T3
or T7 RNA polymerase (Takara, Otsu, Japan). Four-
micrometer-thick paraffin sections were hybridized with
DIG-labeled ¢cRNA probes at 42°C for 16 h and finally
washed in 0.2x SCC at 50°C for 20 min. Hybridization
signals: were immunologically detected with alkaline
phosphatase-conjugated: anti-DIG Fab fragments (diluted
1:500; Roche Diagnostics).

To determine the expression of CYP11BI, CYP11B2,
and CYP17Al encoding 11(-hydroxylase, aldosterone
synthase, and 17a-hydroxylase, respectively, we performed
real-time polymerase chain reaction (PCR) amplification.
Sequence-specific. primers were designed as previously
described [6]. Expression levels were standardized to 18S
rRNA. Total RNA was collected from frozen tumor and its
remaining adrenal gland tissues using GenElute Mammali-
an Total RNA kit (Sigma-Aldrich Inc., Tokyo). After the
reverse transcriptase reaction, LightCycler Quick System
330 (Roche Diagnostic Co., Tokyo, Japan) was used for the
real-time PCR. Relative quantitation of gene expression
was performed using the relative standard curve method. As
controls, APAs (PAC, 249-650 pg/ml; normal value, 29.9—
159 pg/ml; E, 6-10 wg/ml; normal value, 4.5-21.1 ug/dl),
and cortisol-producing adenomas (CPAs; PAC, 3-20 pg/ml;
F, 22-25 ug/ml) were also examined.

Results
Macroscopic and Microscopic Features

The resected right adrenal contained & golden yellow
colored tumor, which was 1.1 cm in-size (Fig. la). The
tumor was well circumscribed without capsulation and was
found to be composed of small clear-type and compact-type
cells forming alveoli, solid trabeculae, and pseudotubules
(Fig. 1b, c). Stromal myxomatous change was also present
together with prominent vascular sinusoids. There was
compressed adrenal cortex on part of the surface. Patho-
logically, the tumor was diagnosed as an adrenocortical
adenoma according to the histopathologic criteria proposed
by Weiss et al. [7]. The remaining adrenal cortex did not
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Fig. 1 On macroscopic exami-
nation (a), the resected right
adrenal contained a golden yel-
low colored tumor measuring
about 1.1 cm in diameter. The
adenoma was well circum-
scribed without capsulation and
was found to be composed of
cells resembling the ZG cells,
which formed alveoli, solid tra-
beculae, and pseudotubules (b,
¢). The remaining adrenal cortex
did not show hyperplasia of ZG
(d, €). Small cortical nodules
consisting of ZF cells were
observed (f), but there was no
obvious thickening of the vas-
cular wall (f, inserf). ZG zona
glomerulosa, ZF zona fascicu-
late, ZR zona reticularis, M
medulla; b x200; ¢ x400; d %4;
e x200; f x40; square box in

f x200

show hyperplasia or atrophy of ZG (Fig. 1d; e), but several
small cortical nodules consisting of ZF cells were observed
(Fig. 1f). There was no obvious thickening of the vascular
wall (Fig. 1f, square box).

Immunohistochemistly and in Situ Hybridization

The adenoma cells were positive for MIB-1' (Fig. 2a);
defined as 4.9 % positive nuclei. Among the: steroid
receptors, the expression for ERf3 was. observed in all
adenoma cells (Fig. 2b) and the ZG and ZF cells of the
adrenal cortex. On the other hand, ERo was: detected in
neither adenoma cells nor the cortex (data not shown). PgR
was focally expressed in the outer ZE cells, but not
adenoma cells (data not shown).. A few ddenoma cells
showed immunoreactivity for. AT1 (Fig. 2c¢). The faint
expression of MC2R mRNA was also found in many
adenoma cells (Fig. 2d). In situ hybridization indicated that
the adenoma cells intensely expressed mRNAs for StAR
(data not shown), CYP11Al (data not shown), HSD3B2
(Fig. Ze, 1), CYP11B (Fig. 2f,j), and CYP21A2 (Fig. 2h, 1),
but not CYP17A1 (Fig. 2g, k). On the other hand, the
adrenal cortex attached to the adenoma demonstrated’ the
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expression of all mRNAs in the inner ZF to ZR, but not in
the ZG to outer ZF (Fig. 2m-p).

Real-Time PCR

The real-time PCR demonstrated that the level of CYP11B1
mRNA was. very low. in the adenoma tissue (Fig. 3a),
whereas that of CYPI11B2 mRNA in the adenoma tissue
was higher than typically found in APAs and CPAs
(Fig. 3b). Therefore, the majority of CYPI1IB signals
detected by in situ hybridization were thought to be
CYP11B2 mRNA. The level of CYP17A1 mRNA expres-
sion in the adenoma tissue was extremely -low . (Fig. 3c),
supporting the findings of the in situ hybridization. On the
other hand, the remaining adrenal cortex showed high levels
of CYP11B1 and CYP17A1; and a low level of CYP11B2,
compared with levels in the adenoma tissue (Fig. 3).

Discussion

The discovery of PA during pregnancy is-rare, and fewer
than 30 cases have been described in the English-language
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a

Fig. 2 The MIB-1 index was 4.9 % in the adenoma (a)."Among sex
steroid receptors, ERB (b) was observed in-all adenoma cells. A few
cells. expressed ‘AT1 (e, arrow), whereas: the: expression of MC2R
mRNA (d) was faint but found in many cells. The adenoma expressed
mRNAs for StAR, CYP11Al, HSD3B2 (e, i); CYPIIB (f, j), and

literature [1]. Several factors complicate the diagnosis of
PA during pregnancy. Hypertension ‘is a fairly common
complication of pregnancy, ‘and: normal. pregnancy is
characterized by enhanced RAAS [1], resulting in elevated
PAC. Additionally, more thorough examinations such as
1'3L.aldosterol scintigram, adrenal venous sampling and
loading tests are contraindicated during pregnancy. In. our
case, ‘a sufficient workup ‘could 'not be done, but the
diagnosis of PA was given in view of the presence of a right
adrenal mass demonstrated by an MRI scan in association
with elevated PAC and hypokalemia.

In this: case, the plasma renin level was: within the
normal: tange, whereas most patients with PA show- low
plasma renin levels as well as elevated PAC.: Okawa et al.
[8] reported: that the normoreninemia in pregnant patients
with PA was associated with placental abruption of preterm
birth along with fetal growth restriction and poor outcome.
In our patient; hypertension remained even after adrenalec-
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CYP21A2 (h, 1); but not CYPI7A1 (g, k). The remaining adrenal
cortex- demonstrated the expression of HSD3B2 (m), CYP11B (n),
CYPI7AL (o), and CYP21A2 (p) in the ZF to ZR, but not in the ZG.
ZG . zona glomerulosa, ZF zona fasciculate, ZR zona reticularis. a—d,
x400; e-h x1; -1 x200; m=p, x100

tomy, although: the: fetus appeared to remain free of any
abnormalities. The reason for these discrepancies is unclear.
Laidlaw et al. [9] reported that the progressively increasing
progesterone during pregnancy blocked the ‘effects of
aldosterone - at the: renal tubule ‘and successfully reduced
BP in patients with PA. Increased prostaglandin activity is
also believed to mediate the pressor effects of angiotensin 11
in' the maternal - vasculature - [3, :10]. On: the other hand,
estrogen stimulates hepatic ‘angiotensinogen, which is the
precursor of angiotensin I, and thus renin secretion [10].
Therefore, it is ‘considered: that during pregnancy, the
balance - between  aldosterone = and “other - steroids  may
determine whether- hypertension and hypokalemia are
improved ‘or become exacerbated and whether the PRA
remains suppressed.

Pathologically,  the remaining ' adrenal cortex did’ not
show atrophy or hyperplasia except for several small
cortical nodules: In situ hybridization and real-time PCR
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Fig. 3 Analysis of CYP11B1 (a), CYP1IB2 (b), and CYP17AI (¢)
expression by real-time PCR. The results are shown as the ratio of
CYP11BI1, CYP11B2, or CYPI7AI to 18S tRNA. The dotted lines
show the mean value in APA and CPA tissues, respectively. Differ-

showed that glucocorticoid synthesis was well sustained,
whereas the mRNA expression for steroidogenic enzymes
including' CYP11B2, encoding aldosterone synthase, was
restrained in the ZG to outer ZF, thereby indicating that the
adenoma observed in our patient was functional and
consistent with APA [6]. In many APAs, ZG-type cells
are predominantly observed around: the 'periphery of the
lesion; dipping into the inside of the adenoma in a tongue-
like manner [5]. On the other hand, the APA in our patient
consisted only of smaller cells, which were cytologically
consistent with ZG-type cells. In situ hybridization demon-
strated that these intensely expressed mRNAs for StAR,
CYPI11Al, HSD3B2, CYP11B, and CYP21A2, but not
CYP17A1, and the real-time PCR proved that CYP11B2
mRNA was the main component of CYP11B detected by in
situ hybridization. Therefore, in addition to the cytological
features; the expression pattern of steroidogenic: enzymes
also showed that the APA in our patient consisted of only
ZG-type cells [11]. APA consisting of pure ZG-type cells is
extremely rare; since: most APAs consist predominantly. of
ZF-like and hybrid cells [5].

When the APA: formation'in our patient had-occurred
was unclear. The presence of PA camie to light for the first
time during the pregnarcy, but as at least 30 doubling times
are needed to develop to 10° cells (tumor of about 1-cm
size) from a single cell [11], it would seen more likely that
the adenoma or precursor lesion was already present before
pregnancy rather than developing only during the pregnan-
¢y. Subcapsular micronodules: with similar: cytological
features ‘are often observed in non-tumorous: adrenal
cortices and have: been. thought to beincidental and
nonfunctional, probably related to vascular sclerosis [12].
However; we have recently proved by in situ hybridization
and real-time PCR that at least some microscopic subcap-
sular’ micronodules. have the ability to actively produce
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ences were analyzed with Student’s ¢ test. APA (empty circle),
aldosterone-producing adenoma; CPA (empty diamond), cortisol-
producing adenoma; case (filled circle), APA in our patient; Ad (filled
diamond), remaining adrenal gland in our patient

aldosterone; as observed in’' BAH and unilateral adrenal
hyperplasia (UAH) [6]. With this in mind, the present case
would support our theory that a micronodule burgeoning in
the subcapsular region initially might ultimately become an
adenoma, causing PA.

The MIB-1 index in our case was 4.9 %, which was less
than that in advenocortical carcinomas; but a relatively high
score compared with a typical adrenocortical adenoma [13].
In addition to. RAAS components and sex hormones [3], it
is: well known that substances such as' ACTH-like com-
pound are secreted by the placenta [14]. We examined by
immunohistochemistry and in situ hybridization whether
sex hormones, angiotensin II, and° ACTH were related to
the proliferation of APA cells: Immunoreactivity for ERf3,
but not ER« or PgR, was detected in all cells of APA. The
expression of MC2R mRNA, encoding the receptor for
ACTH, was observed only faintly but in many cells of the
APA. On the other hand, AT was present in only a few
cells:: Therefore, progesterone and angiotensin Il (through
AT1) seemed not to be directly involved in the proliferation
of APA cells. On the other hand, the expression of ER and
MC2R has also:been reported in several cases of adreno-
cortical - tumors unassociated with: pregnancy [15, '16].
ACTH and MC2R. are required for adrenal gland develop-
ment and: steroidogenesis [17; 18]. Georgiadou et al. [19]
showed that in men as well as in women, ER 3 was detected
in-many APAs: (seven of nine cases),s whereas ERo¢ was
negative in all the APAs examined. Therefore; the expres-
sion: of ER3 and MC2R 'might be not specific to our case.
However, the highly- estrogenic environment during preg-
nancy has been reported to influence the development and
streoidogenesis of the fetal adrenal gland, probably through
ERf{ [20]. Montanaro et al.- [21] demonstrated -that the
H295R: adrenocortical carcinoma cell ling expressed cyto-
chrome P450 aromatase and estrogen receptors (with more
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mRNA expression for ERf than for ERx) and that 173-
estradiol enhanced adrenocortical cell proliferation. Taken
together with the evidence that the levels of estrogen and
ACTH are higher in pregnant than in non-pregnant patients
[3], it is possible that estrogen and ACTH, through ERf
and MC2R, respectively, might participate in the prolifer-
ation, and eventually active steroidogenesis, in APA cells to
a greater degree in pregnancy than in non-pregnancy.

The overexpression of CYP11B2 and CYP17Al
mRNAs in APAs and CPAs, respectively, is well known
[22]. The expression level of CYP11B2 mRNA in the APA
of our patient was higher than that in APAs examined as
controls, reflecting well the difference in PAC values
(1,270 pg/ml versus 249-650 pg/ml). In contrast, the
expression level of CYP11BlI mRNA, encoding 113-
hydroxylase, the limiting enzyme in cortisol biosynthesis
[18, 22], in the control APAs was higher than that in our
case. Most APAs have the potential for cortisol as well as
aldosterone synthesis [23], while the APA in our patient
consisted of only ZG-type cells with no potential for
cortisol synthesis [L1]. Therefore, it is no susprise that
typical APAs expressed CYP11B1 mRNA at higher levels
than in our case.

To our knowledge, the particular constellation of clinical
and biological features presenting in our patient has not
been reported elsewhere. A similar pattern of expression of
steroidogenic enzymes is observed in BAH and UAH,
including unilateral multiple adrenocortical micronodules in
which the endocrinologic findings, if not the roentgenologic
findings, are quite similar to those of typical APAs [6, 24].
Therefore, it may be difficult to differentiate the APA seen
in our patient from the typical APAs by clinical and
biological features.

The presence of PA is perilous for both mother and fetus,
and it is thus necessary to keep in mind that careful
investigation must be performed when hypertension and
electrolyte abnormality are noted during pregnancy. Our
case is the first report of APA consisting of purely ZG-type
cells discovered during pregnancy and is invaluable in the
study of APA formation. Further examinations are required
to elucidate the mechanism of development of APA in
pregnant patients.
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Abstract TNFu plays a crucial role in the patho-
genesis of rheumatoid arthritis. It is very important to
examine the expression of the TNF receptors,; the
ligand of TNFu. In this study, we developed a triple-
color flow cytometric analysis using CD45 and CD14
monoclonal antibodies to simply detect the expres-
sion’ of the TNF- receptors-on the heterogeneous
- rtheumatoid - synovial ‘cells. Using this system; we
detected a higher population' of macrophages and a
greater’ TNF ‘receptor. expression: on the synovial
macrophages derived from a synovectomy in com-
parison- to‘the  findings obtained  from ' knee joint
replacement surgery.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease
which is characterized by inflammatory synovitis and
bone erosion (Feldmann et al. 1996a; Huber et al.
2006; Muller-Ladner et al. 2007; Schett 2008;
Sweeney and Firestein 2004). Although the etiologies
of RA have yet to be clearly defined, the persistence
of autoreactive cells might lead to cytokine produc-
tion (i.e:;; TNFeu-and IL-6). Recently, TNF blockers
have also been used in patients with- RA, and many
patients have been reported: to benefit from these
agents (Feldmann and Maini 2001), thus suggesting
that TNFe plays an important role in the pathiogenesis
of RA in patients. TNF« has the ability to bind two
distinct TNF receptors, TNFR1 (TNFRSF1A) and
TNFR2 (ITNFRSF1B) (Baud and Karin 2001; Beyaert
et al. 2002; MacEwan 2002; Wallach et al. ©1999).
The binding of TNFRI triggers the release of the
inhibitory protein silencer of death domains (SODD)
and forms a receptor-proximal complex containing
the adapter proteins. The engagement of TNF recep-
tors results in the activation of two major transcrip-
tion factors, nuclear factor kB (NF-xB) and c-Jun.
These transcription factors induce the expression of
genes that mediate diverse biological processes (Baud
and Karin 2001; Beyaert et al. 2002; Chen and
Goeddel 2002; MacEwan 2002; Wallach et al: 1999),
especially in: RA. For this reason, it is very important
to examine ' the ‘exptession of TNF receptors on
rheumatoid synovial cells.
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The rheumatoid synovium contains a variety of
cells, including macrophage-like cells (type A),
fibroblast-like cells (type B), dendritic-like cells,
and infiltrated lymphocytes (Feldmann et al. 1996b).
These heterogeneous populations made it difficult to
examine the pathogenesis of RA. In this study, we
developed a new flow cytometric analysis in the
synovial cells regarding the expression of surface
molecules on each cell. Using this simple system, we
detected a higher population of macrophages and a
greater TNF receptor expression on the synovial
macrophages derived from a synovectomy in com-
parison to those from knee joint replacement surgery.

Materials and methods
Cells

Synovial tissue specimens were obtained from
patients with RA at the time of orthopedic surgery
(knee joint replacement surgery or synovectomy) in
the National Ureshino Hospital. Informed consent
was obtained from all participating subjects, and the
study was conducted in accordance with the human
experimental guidelines of our institution. Synovial
cells were isolated from the synovial tissues by an
enzymatic digestion, as described previously (Yama-
saki et al. 2002). Adherent synovial cells of at least
four passages were used in this experiment as the
cultured synovial cells. Before the analysis of the
cultured - adherent synovial: cells,” 0.5 mM EDTA
solution with PBS was used to release the cells from
the plastic plates. Trypsin—~EDTA solution was not
used, in order to avoid changes of the expression of
surface molecules on the cells.

Monoclonal antibodies (inAb) and flow cytometry

PE-conjugated anti-human  CD45, PC5-conjugated
anti-human CD14, and PE-conjugated -and PC5-
conjugated control mAb (IgG1) were purchased from
Beckmann Coulter (Hialeah, FL). FITC-conjugated
anti-human TNFR1 and anti-human. TNFR2 were
purchased from R&D (Minneapolis, MN). FITC-
conjugated anti-human control mAb (IgGl) were
purchased from Beckmann Coulter. The triple-
immunofliorescence ~ analysis. method - has  been
described in detail elsewhere (Eguchi- et al.. 1989).

@ Springer
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The triple-immunofluorescence experiments were
analyzed with a flow cytometer (Epics XL; Coulter
Electronics, Hialeah, FL).

Results and discussion

We examined the two sources of the rheumatoid
synovium which were derived from knee joint
replacement surgery and a synovectomy. The disease
activity of RA patients who were operated on for knee
joint replacement should be low in comparison to that
of patients who received a synovectomy, because the
knee joint replacement is performed in the majority of
RA patients whose knee joints were destroyed after
long-time therapy. To elucidate the real status of the
rheumatoid synovium, it would be useful to use the
cells from the active inflammatory phase in the
experiments. This is the reason why synovial cells
derived from both knee joint replacement surgery
(Fig. 1a) and a synovectomy (Fig. 1b) were used and
then the cell population and the expression of TNF
receptors were compared between the two sources of
synovial cells in this experiment. Figure 1 shows that
the main population would be from the macrophage
region (CD45+CD14+) in the freshly isolated syno-
vial cells derived from both knee joint replacement
surgery and a synovectomy. A higher population of
macrophages was detected in the cells from a syno-
vectomy in comparison to those obtained: from knee
joint replacement surgery (61.9 and 45.8%, respec-
tively). After the isolated synovial cells were cultured
for-a long time (at least 4 times: passages), the
percentage of macrophage-like cells was decreased; in
contrast, the percentage of fibroblast-like cells was
increased in the synovial cells derived from both knee
joint replacement surgery and a synovectomy. Regard-
ing the expression of TNF receptors, a small percent-
age of TNFR1 expressed cells was detected in both the
macrophage and fibroblast cell regions in the synovial
cells derived from bothknee joint replacement surgery
and a synovectomy: On the other hand, the TNFR2
expression on the macrophage-like cells was suffi-
ciently detected; whereas no TNFR2 expression was
observed on the fibroblast-like cells in the synovial
cells derived from both knee joint replacement surgery
and a synovectomy (Fig. 1). Interestingly, the expres-
sion of both TNFR! and TNFR2 on. the synovial
macrophages derived from a synovectomy was higher
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Fig. 1. Altered TNF receptor expression on synovial cells after
long-time culture. A triple-color flow: cytometric: analysis of
TNF receptors in the synovial cells derived from knee joint
replacement surgery (a) and a synovectomy (b). Both cells
were analyzed for the surface expression of TNE: receptors
(TNFRI and TNFR2) on the CD144-CD45+ population or
CD14—CD45~ population. In the upper panel (a and b), the
synovial cells were derived from the freshly isolated cells. In
the lower panel (a and b); the synovial cells are derived from
the long-time cultured cells. In each histogram, the background
fluorescence is recorded: with ‘a thin line, and the thick-lined
histogram quantifies the expression of the indicated molecules
(% = percentage of - positive' expression of  each of the
molecules). One of four representative experiments:is shown.
SC synovial cell; ND not detected

than that from knee joint replacement surgery (13.4
and 1.9% in TNFR1, 59.6 and 36.5% in TNFR2,
respectively), thus suggesting that synovial macro-
phages from a synovectomy may be more highly
activated than those from knee joint replacement
surgery, while also reflecting an increased- disease
activity.
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Rheumatoid synovial tissue contains macrophage-
like cells (type A), fibroblast-like cells (type B),
dendritic-like cells, and infiltrated lymphocytes,
demonstrating that these heterogeneous cells would
constitute the RA inflammatory synovium (Feldmann
et al. 1996b; Karouzakis et al. 2006; Muller-Ladner
et al. 2007). We previously reported apoptosis
(Kawakami et al. 1999, 2004; Miyashita et al. 2003,
2004; Tamai et al. 2006), cell differentiation (Yama-
saki et al. 2004), cell proliferation (Eguchi et al.
1992; Migita et al. 2000, 2001), signal transduction
(Yamasaki et al. 2001, 2002), sensitivity to drugs
(Migita et al. 2004), and protein expression of the
rheumatoid synovial cells (Honda et al. 2001; Tanaka
et al. 2004) uvsing the long-time cultured synovial
cells derived from the knee joint replacement surgery.
As the cell population and the expression of TNF
receptors both dramatically changed in the synovial
cells derived from both sanrgery and a synovectomy
after long-term cultures (Fig. 1a, b), it would be
difficult to evaluate the real function of the rheuma-
toid synovial cells using such long-term cultured
cells. However, we had no chance to use these long-
term cultured synovial cells in our previous experi-
ments, because a large number of such cells are
needed to perform the assays, and the necessary
amount of cells was just not available. If we use this
simple flow" cytometric method, we can indepen-
dently evaluate the expression of surface molecules
on each cell type derived from the freshly: isolated
synovial cells, and thus making- it possible to
elucidate the present status of the RA synovium.

In summary, we - developed: a- simple detection
system,- which® was a triple-color  flow cytometric
analysis, using CD45 and. CD14 monoclonal anti-
bodies on rheumatoid synovial cells. Using this
system, we: detected a-higher: population of macro-
phages-and a greater TNF receptor expression on the
synovial macrophages derived from a synovectomy
in. comparison. to that obtained: during knee joint
replacement surgery. This flow cytometric analysis is
therefore considered to reflect the real status of the
disease using rheumatoid synovial cells, especially
those derived from a synovectomy.
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Abstract

Background: Diffusion-weighted imaging (DWI) has been
reported to be a useful technique fordiagnosing Creutzfeldt-
Jakob disease (CJD). The present study reported DWI results
in cases of familial CJD with a V1801 mutation (CJD180) in the
prion protein gene as well as neurolagical findings. Meth-
ods: A retrospective analysis of 3 patients with V180! was
performed. Cerebrospinal fluid (CSF) analysis, brain MRI, sin-
gle-photon emission computed tomography (SPECT), and
magneticresonance spectroscopy (MRS) were inciuded. CSF
was analyzed for biochemical markers, and each patient un-
derwent brain MRI, SPECT, and MRS analysis. A brain biopsy
from the frontal cortex, which corresponded to the area.of
increased: DWI signals, was. utilized for neuropathological
analysis. Results: CSF analysis results revealed elevated total

tau protein and the absence of 14-3-3 protein, as well as de-
creased concentrations: of neuron-specific enolase, 5100
protein, and prostaglandin E;. All patients presented with
unique MRI features. Brain biopsy showed severe spongi-
form: morphology, but comparatively preserved neurons
and mild astrocytic gliosis. Accumulations of PrP5¢ were not
detected using the 3F4 antibody, and microglial activation
was subtle. SPECT revealed hypoperfusion throughout both
hemispheres. MRS revealed a redticed N-acetyl aspartate/
creatine ratio. Conclusion: Results from this study suggest-
ed that increased DWI signals could reflect severe spongi-
form changes in CJD180 patients.

Copyright © 2009 S. Karger AG, Basel

Introduction

Creutzfeldt-Jakob disease (CJD) is a transmissible
spongiform encephalopathy associated with the accumu-
lation of abnormal prion protein. The disease has been
classified into sporadic, familial, and infectious subtypes.
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Familial CJD (fCJD) comprises approximately 15% of all
human prion disease, and is a result of point mutations
or insertions in the prion protein gene (PRNP). To date,
30 subtypes of the familial form have been determined,
of which 24 are due to mutations and 6 are a result of in-
sertions. CJD, with a causative point mutation of valine
to isoleucine at codon 180 (V180I) in the PRNP, is a rare
type of fCJD, with only 2 cases reported from Europe
[1, 2]. However, this mutation is recognized as the most
common cause of fCJD in Japan.

Jin et al. [3] reported that CJD patients with the V180I
(CJD180) mutation exhibit characteristic clinical fea-
tures, and that the clinical and neuroradiological find-
ings of CJD180 patients vary from classical C]JD patients
in: (1) older onset age, (2) slower disease progression, (3)
unique clinical symptoms, such as greater cortical dys-
function, which is less frequent in sporadic CJD (sCJD)
patients, with none of the visual or cerebellar symptoms
that are frequently observed in sCJD patients, (4) reduced
rate of brain-specific proteins, such as neuron-specific
enolase (NSE) and 14-3-3 protein, in cerebrospinal fluid
(CSF) samples, and (5) the lack of a periodic sharp
discharge (PSD) in the electroencephalogram (EEG)
throughout the course of disease.

Diffusion-weighted imaging (DWI) may be useful in
the premortem diagnosis of sCJD, and recent reports
have suggested its usefulness in fCJD cases. Jin et al. [3]
reported that diffuse cortical high-intensity DWI signals
are a characteristic feature of CJD180. The exact mecha-
nisms responsible for high-intensity signals on DWIhave
notyet been established. Many reports have described the
relationship between autopsy and DWI findings. How-
ever, brain biopsy is rarely performed, and autopsy results
are not always consistent with lesions revealed by DWI
abnormalities and do not always reflect the pathogenesis
of DWI abnormalities. This confirms the importance of
reporting and analyzing biopsy cases for neuropathology.
Neuropathological findings in CJD180 patients have re-
vealed significant spongiform changes throughout all
cell layers of the gray matter, and neuronal numbers were
relatively preserved, with very little abnormal prion pro-
tein expression.

A detailed analysis of the pathogenesis, which was re-
flected in abnormal pathological features in DWI-based
neuroimaging and biochemical markers of CSF, was per-
formed. In addition, 3 CJD180 patients were studied
using MRI, magnetic resonance spectroscopy (MRS),
and single photon emission-computed tomography
(SPECT).

DWT and Brain Biopsy of Familial CJD
(Vison

Materials and Methods

Subjects

Case 1. A 70-year-old woman was admitted with progressive
memory loss. Approximately 1 year prior to admission, neigh-
bors began noticing that the patient exhibited amnesia. Six
months later, the patient began to forget things and became dis-
oriented. Finally, the patient was unable to walk without support
and was admitted to hospital. DWI demonstrated diffuse bilat-
eral high-intensity signals in the cerebral cortex, caudate nucleus
and putamen, but was predominant in the left hemisphere. The
patient was right-handed. Therefore, a brain biopsy from the
right frontal cortex was performed. The brain biopsy area cor-
responded to the region of increased DW1 signals. Following CJD
diagnosis, she was transferred to our university hospital. Upon
admission, the patient was bedridden and exhibited myoclonic
jerks and startle reactions. Muscle rigidity was present in all ex-
tremities, and deep tendon reflexes were exaggerated. CSF anal-
ysis was normal, except for negative 14-3-3 protein and elevated
total tau (t-tau) protein. The patient exhibited no PSD on EEG.
Genetic analysis revealed a V1801 point mutation, leading to the
diagnosis of fCJD. She was not able to follow simple commands
and to move to the bed alone during the 12-month period after
onset.

Case 2. A 67-year-old woman was admitted with a 6-month
history of progressive aphasia. The past medical and family his-
tories were unremarkable apart from cholecystectomy 17 years
earlier. Upon examination, the patient was disoriented and for-
getful of recent events. She did not exhibit cerebellar ataxia or
myoclonus. The patient had been diagnosed with dementia of
Alzheimer’s type (DAT) in another hospital, but the symptoms
progressed more rapidly than typical DAT. She was able to follow
simple commands, but gradually lost the ability to walk.

T,-weighted imaging (T2WI) and DWI revealed increased
signals in the bilateral tempoparietal cortex, predominantly in
the left hemisphere. EEG revealed no PSD. Detection of the codon
180 point mutation in PRNP confirmed the diagnosis of fC]D:

The patient gradually developed speech difficulties over a 6-
month period and was not able to speak by 7 months after onset.
She could not follow simple commands and move to the bed alone
during the 12-month period after onset.

Case 3. A 74-year-old man became disoriented while return-
ing homeé from shops to which he was accustomed to traveling
back and forth. The patient was unable to walk unassisted, devel-
oped urinary incontinence and began to exhibit progressive
memory disturbances 1 month later. He was admitted to our hos-
pital, and DWI abnormalities were noted. A double mutation at
codons 180 and 232 (Met/Arg) of PRNP was detected, leading to
a diagnosis of fC]D. The patient gradually developed speech: dif-
ficulties by 4 months after onset and was unable to speak by 6
months after onset: The patient could not follow simple com-
mands or move to the bed unassisted by 12 months after onset.

During World War I, on August 9, 1945, the city of Nagasaki
was destroyed by an atomic bomb, killing tens of thousands of
people. As-a result of this tragedy, detailed family histories of
these CJD patients remain unknown.

Social and personal conduct disorders, such as frontotemporal
lobar degeneration (FTLD), and behavioral and psychological
symptoms of dementia, such as DAT, were not observed in the 3
CJD180 patients. However, depressive symptoms and sleep dis-
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turbances were noted at onset. The patients did not exhibit aki-
netic mutism during their lifetime.

Biochemical Analysis of CSF Samples

CSF samples from all 3 patients were analyzed by ELISA for t-
tau protein, phosphorylated tau (p-tau) protein, S100 protein, NSE,
and prostaglandin E; (PGE,) concentrations, as well as by Western
blot analysis for 14-3-3 protein expression. A polyclonal antibody
specific for the B-isoform of 14-3-3 protein (sc-639; Santa Cruz,
Calif., USA) was used in combination with an enhanced chemilu-
minescence detection kit (Amersham Buchler, Braunschweig, Ger-
many). ELISAs were performed according to the manufacturer’s
instructions, using an identical standard in all experiments.

Brain MRI Procedure
MRI was performed on all subjects using a 1.5-tesla magnetic
- resonance unit (General Electric Medical System, Milwaukee,
Wisc., USA) with T,-weighted imaging (T1WI) [repetition time
(TR) = 400 ms, echo time (TE) = 9/Fr ms}, T2WI (TR = 3,000 ms,
TE = 97 ms), fluid attenuation inversion recovery (TR = 8,002 ms,
TE = 104/ms), and DWI sequences of 5-mm slice thickness. The
acquired data were analyzed using Digital Imaging and Commu-
nications in Medicine (DICOM) format.

SPECT Image Analysis Using eZIS and N-Isopropyl-p-[2*I]-

Iodoamphetamine

SPECT was performed using **™Tc-ethyl cysteinate dimer
(**™Tc-ECD) and N-isopropyl-p-[**I}-iodoamphetamine (*2’I-
IMP) as a tracer in all subjects. Obtained images were anatomi-
cally standardized with dn original **™Tc-ECD template using
the easy Z-score imaging system (eZIS) established by Matsuda
etal. [4].

Magnetic Resonance Spectroscopic Analysis

Single-voxel 'H-MRS was performed. Spectra were acquired
from an 8-ml cubic volume of interest centered on the right cere-
bral cortex.

Neuropathological Investigation

The right frontal lobe brain biopsy from case 1 corresponded
with increased DWI signals. The time interval between brain bi-
opsy and DWI was 1 day.

Formalin-fixed; paraffin-embedded sections of brain biopsy
tissue were subjected to histological analyses; including hema-
toxylin-eosin (HE) staining and PrP5® immunohistochemistry
with 3F4 monoclonal antibody. Glial activation (astrocytic gliosis
and microglia activation) was assessed by immunohistochemis-
try on tissue sections using S100 protein and CDé68. The neuro-
pathological findings (HE staining, S100 protein, CD68, and 3F4
immunohistochemistry) were assessed in biopsy tissue from case
1 and compared with autopsy tissue from 4 typical sCJD cases.

Statistical Analysis

Comparisons of clinical symptoms between the preserit cases,
7 cases described in previous reports; and pooled data from sCJD
patients were performed using the x? test and Student’s t test. The
Medical Ethics: Committee of Nagasaki University. School of
Medicine approved this study, and the participants provided writ-
ten informed consent.
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Results

Clinical Findings in CJD180 Patients

Clinical features from the 3 cases are summarized in
table 1.

The age at onset was 69 * 1.41 years in the 3 CJD180
patients. When the 4 CJD180 patients described in previ-
ous reports were combined with this analysis, the age at
onset of the 7 CJD180 patients was 70.3 % 3.9 years. There
was no statistically significant difference in age at onset
between the present CJD180 patients and the previously
described sCJD patients (65.3 * 11.6 years old; n =
128).

Appearance of myoclonic jerk from disease onset was
5.33 £ 0.93 months in the present 3 CJD180 patients, and
8.0 = 4.5 months in all 7 CJDI180 patients (including 4
previously described patients). Myoclonic jerk was iden-
tified in all cases, but the duration to appearance was lon-
ger in CJD180 patients compared with sCJD patients (2.7
+ 2.4 months). The myoclonic jerks were less remarkable
in the present patients compared with the sCJD patients,
and the myoclonic jerks of all CJD180 patients exhibited
a similar frequency to Parkinson’s disease tremors (5-
9 Hz).

Time to appearance of akinetic mutism from disease
onset was 12.3 £ 4.50 months in the present 3 CJD180
patientsand 11.7 £ 3.34 months in all 7 CJD180 patients
(including 4 previously described patients). The time to
appearance of akinetic mutism was longer in CJD180 pa-
tients compared with sCJD patients (p < 0.01). Survival
time of the present 3 CJDI80 patients was 30.3 *+ 4.78
months.

Biochemical Analysis of CSF

The biochemical markers used for CSF analysis are
listed in'table 1.

CSF from all patients was negative for 14-3-3 protein
(present and previously described cases). 14-3-3 protein
was detected in 87.7% of the sCJD patients. Therefore,
14-3-3 protein expression in CSF was not used as a diag-
nosti¢ marker for CJD180.

In the patients from this study, t-tau protein titers were
greater than the cut-off level (1,300 pg/ml), but much less
than in the sCJD cases (5,689 * 169 pg/ml; n = 128; data
not shown). NSE concentrations in all 3 cases were less
than the cut-off value (35 ng/ml), but greater than the
concentrations in individuals with neurodegenerative
disorders (10.35 * 4.35ng/nl; n = 100). S100 protein and
PGE; protein concentrations were below the detection
thresholds.

Mutsukuraetal.
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Table 1. Profiles of the 3 cases with CJD180

~.- Ourcases .. . . Previously reported!
~.casel . case2 case 3 CJD180 ~sQJD -

Age/sex 70/F 67/F 70/M 703139 653%11.6
Family history - - - - -
Myoclonic jerk, months 6 6 4 8.0 £ 45 2724
Visual symptoms - - - 0% (0/4) 24% (23/96)
Cerebellar symptoms - - - 0% (0/4) 12.5% (12/96)
Akinetic mutism, months 12 18 7 113 £22 35%238
Total tau, pg/ml 3,811 2,325 3,675 NE 89.6% (86/96)
Phosphorylated tau, pg/ml 394 40.8 36.1 NE NE
NSE, ng/ml 34 22 13 50% (2/4) 72.7% (48/66)
§100 protein, ng/ml 0:23 0.35 0.13 NE NE
14-3-3 protein - - - 0% 87.7% (57/65)
PSD - - - 0% 94% (110/116)
Codon 129 in PRNP M/M M/M M/M MM 40%; MV60% MM 91%; MV 9%
Codon 219 in PRNP E/E E/E E/E E/E 100% E/E 92%; E/K8%
Type of Prps type 1+2 NE NE NE type 1 or type 2

Range of t-tau protein levels: 800-15,000 ng/ml, CJD with val-  biomarkers (t-tau protein, NSE and S100 protein of CSF) in CJD
ues >1,300 pg/ml. ' patients were evaluated using the receiver-operating characteris-

Range of p-tau protein levels: 8-120 ng/ml

Range of NSE levels: 2-200 ng/ml, CJD with values >35 ng/ml

Range of S100 protein levels: 0.001-25 ng/ml, CJD with values
>2.2 ng/ml.

‘We analyzed the cutoff data of t-tau protein, NSE and S100
protein of CSFamong 128 CJD patients and 100 non-CJD patients
(DAT, vascular dementia, Pick’s disease, Parkinson’s disease, cor-
ticobasal degeneration, Huntington’s disease, frontotemporal de-
mentia, progressive supranuclear palsy, mild cognitive impair-
ment, amyotrophic lateral sclerosis, temporal épilepsy, limbic
encephalopathy, paraneoplastic cerebellar degeneration/Lam-
bert-Eaton myasthenic syndrome, MELAS and encephalopathy
due to unknown etiology). The most appropriate cutoff levels of

tics curve method. The sensitivities for t-tau protein, 14-3-3 pro-
tein, NSE and S100 protein of CSF in classical CJD patients
(n = 128) were 95.9, 88.7, 81.5 and 33.1%, respectively (data not
shown). )

In all 3 patients, the polymorphism in PRNP at codon 129 was
homozygous for methionine (M/M), while the polymorphism in
PRNP at codon 219 was homozygous for glutamic acid (E/E).
NE = Not examined; M = methionine; V = valine; K = lysine;
E = glutamic acid.

! As previously reported by Jin et al. [3], the average level of t-
tau protein of classical CJD patients (n = 128) was 5,689 + 169
pg/ml (average £ 18D).

Neuroimaging (MRI, MRS, SPECT)

According to the MRI results, all cases demonstrated
a wide range of cerebral cortical ribbons, which were de-
picted as low-intensity areas in the bilateral putamen,
caudate head, and cerebral cortex by TIWI, and as high-
intensity areas by T2WI, fluid attenuation inversion re-
covery, and DWL. The cortical lesion was not always sym-
metric (cases 1 and 2). Basal ganglia lesions were detect-
ed, and the caudate head was detected in all cases (fig. 1).
The cerebellum and brain stem were not abnormal.

MRS revealed decreased N-acetyl aspartate (NAA)/
creatine (Cr) and choline (Cho)/Cr ratios in the cerebral
cortices of all patients (table 2), whereas there were no
changes in myoinositol (MI) levels (fig. 2). SPECT images
from case 2 revealed a widespread decreased perfusion in

DWTand Brain Biopsy of Familial CJD
(V1801)

both cefebral hemispheres, in particular the left temporal
cortex (table 2). Highly insensitive DW1 regions were ob-
served throughout the cerebral cortex in the CJD180 cas-
es and were similar to the smaller volume area observed
on SPECT (fig. 2). Regional cerebral blood flow in the ce-
rebral cortex was léss in the CJD180 cases than in the
sCJD cases.

Diagnosis of CJD

The characteristic clinical finding in the 3 CJD180 pa-
tients was progressive dementia and memory distur-
bance; the time course of the progressive dementia in the
3 CJD180 patients was different from that of DAT or
FTLD, and was also different from typical sCJD patients.
The psychiatric findings in the 3 CJD180 patients includ-
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a T2wi b

Case 2

Case3

Fig. 1. Axial T,- (a) and diffusion-weighted (b) MR images from
the 3 CJD cases with the V1801 mutation, revealing extensive cor-
tical hyperintensity lesions. Hyperintense signals in the bilateral
caudate nucleus and putamen are also demonstrated, but these
are subtle compared with the cortical lesions. Medial regions of
the occipital lobes are not involved:

ed depression and sleep disturbance, but disinhibition
and asocial behavior were not determined in FTLD of the
3 CJD180 cases. In addition, behavioral and psychologi-
cal symptoms of dementia in DAT were not recognized
in the 3 CJD180 cases.

The 3 CJD180 patients were misdiagnosed with DAT.
CSF samples were analyzed from 100 patients with vari-
ous neurodegenerative disorders using Western blot to
detect 14-3-3 protein, t-tau protein, and p-tau protein ex-
pressions. t-tau protein concentration in CSF of CJD pa-
tients was >1,200 pg/ml. However, the level of t-tau pro-
tein in CSF of neurodegenerative disorder patients was
200-500 pg/ml, and the level of t-tau protein from CSF of
DAT patients was 400-1,400 pg/ml. Elevated t-tau pro-
tein was also detected in 3 patients from the non-CJD
group. Elevated t-tau protein levels were observed in 2
patients with DAT and in 1 patient with cerebrovascular

554 Dément Geriatr Cogn Disord 2009;28:550-557

Fig.2. SPECT analysis in case 1 (CJD180). a *I-IMP SPECT dem-
onstrated decreased uptake. b eZIS analysis in SPECT performed
using **™Tc-ECD. ¢ 3DSRT analysis in SPECT performed using
99T ECD.

Table 2. MRS in the 3 cases with CJD180 and 4 cases with sCJD

Case 1 Case 2 Case 3 sCJD (n=4)
NAA/Cr 0.79 1.1 1.3 1.83 £ 0.20
Cho/Cr 1.18 1.02 0.91 1.49+ 0.20
Ml 30 28 11 <30

sCJD (n = 4) patients were definite cases and the molecular
type of the abnormal prion protein in sCJD cases was type 2 on
Parchi’s classification [6].

Mutsukura et al.
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Fig. 3. 'H-MRS in case 1 exhibits decreased cortical gray matter
NAA/Cr.

disease in the acute phase. To distinguish CJD patients
from non-CJD patients with elevated t-tau protein in
CSF, the ratio of p-tau and t-tau proteins was compared.
The p-/t-tau ratio was significantly greater in DAT pa-
tients compared with CJD patients. Some diseases re-
vealed >2,000 pg/ml t-tau protein in the CSF of CJD pa-
tients. When it was difficult to distinguish CJD from
DAT patients, the ratio of p-tau and t-tau proteins was
compared.

The highest level of t-tau protein in the FTLD patients
was 670 pg/ml, and there were no FTLD patients with
CSE values >1,000 pg/ml t-tau protein, which was consis-
tent with previous reports [5]. Results from CSF analysis,
clinical disease course, and the neuroradiological find-
ings in the V180I CJD patients varied between the DAT
and FTLD patients.

Neuropathology

HE staining revealed severe spongiform changes in
the cerebral cortex, which were more moderate in the
CJD180 patients compared with the sCJD cases. The
CJDI180 patients exhibited a relatively limited neuronal
loss compared with the sCJD patients (fig. 4a).

DWI and Brain Biopsy of Familial CJD
(V18o1)

Fig. 4. Pathological findings in the right frontal lobe of case 1 re-
veal severe spongiform changes and neuronal loss. However, as-
trocytic gliosis, accumulation of PrP%, and microglial activation
are less apparent in the cerebral cortex. a HE staining. b CD68
staining. ¢ S100b protein staining (X10). d S100b protein staining
(x200).

Immunostaining with 3F4 antibody was not detected
in 1 patient (case 1), but all control cases of sCJD ex-
pressed 3F4 protein. CD68 expression was positive, but
the number of CD68-positive microglia in the present
sCJD cases was greater than in the CJDI80 patients
(fig. 4b). S100 immunohistochemistry demonstrated
mild astrocytic gliosis in the CJD180 patients. However,
2 sCJD (early stage and middle stage) and 2 late-stage pa-
tients exhibited severe and moderate astrocytic gliosis,
respectively (fig. 4c, d).

Typing of Protease-Resistant Prion Protein

According to Western blot analysis, the abnormal pri-
on protein in the CJD180 cases was type 2 according to
Parchi’s classification [6].

Discussion

Neuropathological examination of tissue biopsies
from case 1 demonstrated an unusual presentation com-
pared with the biopsy sections from sCJD cases. First, all
cell layers of the gray matter exhibited marked spongi-
form changes. Second, neuronal numbers were relatively
preserved. Third, no abnormal prion protein expression
was detected. Fourth, microglial activation was subtle.
These results were consistent with the unique character-
izations from previous reports [7-9].
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Table 3. Neuropathological findings in 1 case with CJD180 (case
1) and 4 cases with sCJD

CJD180 sCJD  sCJD sC]JD  sCJD

casel casel «case2 case3 case4
Neuronal loss + + + +44+ +++
Astrocytic gliosis + ++ ++ + +
Spongiform change  +++ ++ ++ + +
Microglia activation  + +++ ++ ++ ++
PrP deposition - ++ ++ S =

Spongiform change and neuronal loss are described as absent
(=), mild (+), moderate (++), and severe (+++) on HE sections.

Astrocytosisis described as absent (), mild (+), moderate (++),
and severe (+++) on sections labeled immunohistochemically
with an anti-S100 antibody (polyclonal, DAKO, Glostrup, Den-
mark) or anti-prion protein antibody (monoclonal, clone 3F4,
Senetek, Maryland Heights, Mo., USA).

Degree of prion protein deposition is described as absent (-),

- mild (+), moderate (++), and strong (+++) on sections labeled im-

munohistochemically with an anti-prion protein antibody
(monoclonal, clone 3F4, DAKO, Japan).

Microglia activation (the number of CD68-positive microglia)
is described as follows: no staining (-), slightly staining (+), mod-
erate staining (++), and strong staining (+++).

More than 30 CJD patients have undergone brain bi-
opsies, but only 3 reports [10-12] discussed the correla-
tion between neuropathological and DWI findings in
brain biopsy tissue. In other studies, brain biopsies were
used only as a diagnostic method to rule out progressive
dementia.

Heinemann et al. [10] suggested that the correlation
between DWI and neuropathological findings in brain
biopsies could be a result of neuronal loss and spongiform
changes. Spongiform neuronal degeneration was demon-
strated to underlie the increased DWI signals in sCJD
patients as shown by Kim et al. [11]. In addition; See et al.
[12] suggested that fluid accumulation within cytoplas-
mic vacuoles of the neuropil, or astrogliosis, contributes
to arestricted diffusion range that underlies DWI abnor-
malities. Microglial activation has been suggested as an-
other possible cause of DW1 abnormalities. A relation-
ship between DWI abnormalities and accumulation of
PrPS¢ has been suggested as a possible causative mecha-
nism [6, 13]. Results from the present study demonstrated
very low abnormal prion protein expression. These re-
sults suggest that there is not a strong relationship be-
tween DWI abnormalities and PrPS¢ accumulation.
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Itis difficult to determine the mechanisms underlying
DWI abnormalities based on results from a single brain
biopsy. Although the present study utilized single brain
biopsies, pathological analyses clearly revealed patholog-
ical findings in the sCJD cases (table 3). Nevertheless, the
mechanism underlying the DWT abnormalities was as-
sumed to be a result of severe spongiform changes as re-
vealed by neuropathological findings.

Manners et al. [14] reported a DWT and T,-weighted
echoplanar MRI study comprising 10 sCJD patients. At
postmortem, the sCJD patients were evaluated for semi-
quantitative assessment of gliosis and neuronal loss,
spongiform changes, and abnormal PrP protein deposi-
tion in 4 cortical regions (occipital, parietal, temporal
cortex and cingulate gyrus), the thalamus and the stria-
tum, for a total of 60 regions of interest. Results suggested
that antemortem reductions in the apparent diffusion co-
efficient values, typically observed in patients with sCJD,
correlate with spongiform changes observed at autopsy.
This was clearly established in the striatum and thalamus
of the present sC]D patients, in which the extent of spon-
giform change did not significantly correlate with gliosis
or neuronal loss. The study by Manners et al. [14] was
based on extremely detailed examination and referred to
one of our studies. However, the pathological character-
istics of CJD180 differed in our study compared with
sCJD. The pathological characteristics of CJD180 includ-
ed greater spongiform changes, as well as less deposition
of abnormal prion protein and astrocytic gliosis com-
pared with sCJD.

The greatest difference between the study by Manners
et al. [14] and ours is the concept. In our study, DWI sig-
nals from CJD patients were high or low during the clin-
ical course of disease, and these signal changes were de-
tectable.

Due to ethical considerations, brain biopsies were not
performed in all cases in the present study. Therefore, the
present hypothesis was addressed by supplementary bio-
chemical analysis of CSF and neuroimaging.

Several reports have described the MRS results in CJD
patients [15, 16]. NA A is produced exclusively in neuronal
mitochondria and reduced levels of NAA are considered
to reflect neuronal loss or dysfunction. In turn, Cho lev-
els reflect membrane synthesis and graduation. MI is
thought to be located only in glial cells and is, therefore,
considered to be a glial marker. A previous report de-
scribed that reduced levels of NAA correlate with histo-
logical neuronal loss and astrocytic gliosis in CJD pa-
tients. Some studies have reported reduced NAA levels as
a feature of sCJD followed by spongiform changes accom-
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