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indication of 1-131 MIBG therapy is usually determined based on
the results of 1-123 MIBG scintigraphy including SPECT/CT to
identify accuratc anatomic localization of the lesions, because image
quality of I-123 MIBG scintigraphy is generally superior to diag-
nostic low-dose I-131 MIBG scintigraphy.'*'> After I-131 MIBG
therapy, I-131 MIBG imaging might be recommended in order to
confirm the lesions with MIBG accumulation. In this study, more
than 2 times lesions were detected in high-dose 1-131 MIBG scin-
tigraphy than in diagnostic I-123 MIBG scintigraphy. Even an 1-123
MIBG SPECT/CT was inferior to planar high-dose I1-131 MIBG
image in lesion detectability (3.7 vs. 7.3 lesions/study, respectively).
Since high-dose 1-131 MIBG scintigraphy have great diagnostic
value in the detection of the lesions, it is believed that I-131 MIBG
scintigraphy after 1-131 MIBG therapy is essential for the manage-
ment of patients,

Recently, many studies investigated the incremental value of
SPECT/CT over planar image in various tumors. Even-Sapir et al
repotted that SPECT/CT improved image interpretation by provid-
ing a better anatomic localization of SPECT-detected lesions in 41%
of the patients with known or suspected endocrine tumor and
detected unsuspected bone involvement in 15% of the patients.®!
Rozovsky et al investigated added value of SPECT/CT over the
correlation of I-123 MIBG scintigraphy and diagnostic CT in neu-
roblastoma and pheochromocytoma and reported that SPECT/CT
provided additional information in 53% of all cases.*® In various
type of tumor scans, Roach et al reported that SPECT/CT modified
the interpretation with planar/SPECT alone in 56% of the cases.’
Chen et al reported that, in patients with differentiated thyroid
carcinoma, precise localization and characterization of I-131-avid
foci were achieved through I-131 SPECT/CT over planar image in
69 (85.2%) and 67 (82.7%) of the 81 foci, respectively, and uncom-
mon metastatic lesions were found in 9 (13.6%) of 66 patients with
regard to SPECT/CT fusion images.*® In our study, unknown lesions
in planar images were detected by SPECT/CT images in 45.2% of
studies and 68.8% of patients and anatomic locations of the lesions
were modified after analysis of SPECT/CT in 45.2% of studies and
62.5% of patients in [-123 MIBG scintigraphy. In high-dose 1-131
MIBG scintigraphy, unknown lesions in planar images were de-
tected by SPECT/CT in 23.5% of studies and 33.3% of patients and
anatomic locations of the lesions were altered after analysis of
SPECT/CT in 47.1% of studies and 66.7% of patients. As a whole,
SPECT/CT images provided additional diagnostic information in
80.6% of studics, 75.0% of patients and 52.9% of studies, 75.0% of
patients over planar images in I-123 MIBG scintigraphy and high-
dose 1-131 MIBG scintigraphy, respectively. The detection rate of
the new lesions by SPECT/CT was higher in [-123 MIBG scintig-
raphy than in high-dose 1-131 MIBG scintigraphy. It is thought that
signal-to-noise ratio is high enough to be identified in planar image
when high dose is administered. There were no apparent differences
in the rate of alteration of anatomic location of the lesions between
diagnostic 1-123 MIBG and high-dose I-131 MIBG images.

A few lesions found in planar images became undetectable in
SPECT/CT images in both I-123 MIBG and [-131 MIBG. Because
all lesions showed weak uptake, low lesion counts of each projection
image might not permit to develop tomographic image.

CONCLUSIONS

Post-therapy high-dose 1-131 MIBG scintigraphy is superior
to diagnostic 1-123 MIBG scintigraphy for lesion detectability even
in comparison with I-123 MIBG SPECT/CT images and high-dose
I-131 MIBG planar images in patients with malignant neuroendo-
crine tumor. SPECT/CT images are helpful for the detection of the
new lesions and accurate identification of anatomic localization
compared with planar images. SPECT/CT imaging is especially
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useful for the detection of the lesions near or overlapping physio-
logical accumulation compared with planar images.
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Abstract

Purpose The aim of this study was to evaluate the
significance of 2—[1SF}ﬂuoro—Z-deoxyu&glucose (FDG)
positron emission tomography (PET) in the assessment of
the therapeutic response to '*'T-metaiodobenzylguanidine
(MIBG) in malignant phacochromocytoma.

Methods We reviewed the records of 11 patients (7 men and
4 women) with malignant phaeochromocytoma who under-
went '*'I-MIBG therapy (100-200 mCi). '*F-FDG PET and
serum catecholamine assays were performed 3 months
before and afier the first dose of "*'I-MIBG. FD( uptake
was evaluated in the observed lesions using the maximum
standardised uptake value (SUV ;... The average SUVia
of all lesions (ASUV) was calculated. If more than five
lesions were identified, the average SUV,,. of the five
highest SUV .. (ASUV3) was calculated. The ratio of pre-
and post-therapy values was calculated for the highest
SUViax (IMSUV), ASUV (rASUV), ASUVS (rASUVS),
CT diameter (0CT) and serum catecholamine (rCA).
Responder (R) and non-responder (NR) groups were
defined after a clinical follow-up of at least 6 months
according to changes in symptoms, CT, magnetic resonance
imaging (MRI) and '**I-MIBG scan.

Results Post-therapy evaluation revealed five R and six NR
patients. The size of the target lesions was not significantly
different before and after therapy (p>0.05). However, ASUV
and ASUVS were significantly lower in the R group tASUV
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0.64+0.18, rASUVS 0.68+0.17) compared to the NR group
(rASUV 1.40:£0.54, rASUVS 1.37+£0.61) (p<0.05).
Conclusion ""F-FDG PET can be potentially used to
evaluate the response of malignant phaeochromocytoma to
BULMIBG therapy.

Keywords Phacochromocytoma - 2-]'*F|Fluoro-2 ~deoxy-
D-glucose (FDG) positron emission tomography

(PET)- ‘31I~metaiodobenzylguanidme (MIBG) -
Malignant phaeochromocytoma - Radionuclide therapy

Introduction

Phacochromocytoma is a rare, catecholamine-producing
tumour. It originates from chromaffin cells, mainly
located in the adrenal medulla [1]. Although most
phaeochromocytomas develop from the adrenal medulla,
they may also derive from the extra-adrenal organs such as
sympathetic paraganglia [2]. Phaeochromocyioma is diag-
nosed on the basis of symptoms of catecholamine excess,
such as severe hypertension, sweating, headache and
anxiety aftacks [3].

The annual incidence of phaeochromocytoma is 1-4/10°
population [1]. About 10% of these tumours metastasise.
Classically, only metastasised tomours identified in the
extra chromaffin tissue are considered malignant, for it is
almost impossible to differentiate a benign from a malig-
nant fumour only by histological criteria [4]. As a
consequence, malignant phacochromocytoma is not surgi-
cally curable. Moreover, surgically unresectable malignant
phaeochromocytoma twmours have limited therapeutic
options. These cases are currently treated mainly with
combination chemotherapy including cyclophosphamide,
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vineristine and dacarbazine (CVD). However, the chemo-
therapy frequently produces adverse events [5]. The S-vear
survival rate of metastatic phaeochromocytoma has been
reported to be less than 50% [6, 7]. Metaiodobenzylguani-
dine (MIBG) is a guanethidine analogue that is structurally
similar to norepinephrine and accumulates in sympathome-
dullary tissues. ''I-MIBG and '**I-MIBG are commonly
used in the diagnosis of phaeochromocytoma. A high
dose of *'I-MIBG has anti-tumour efficacy by emitting
B-particles [8]. '-MIBG was initially used in the
treatment of phaeochromocytoma in 1983 [9]. The
advantages of "*'I-MIBG therapy are effectiveness to both
primary and metastatic lesions and relatively mild adverse
events. The application of a ""'I-MIBG therapeutic
protocol in phacochromocytoma was established at a
consensus meeting in Rome in 1991 [10].

Nevertheless, the assessment method for treatment with
PUMIBG s still controversial. In a retrospective study
with 33 patients, Safford et al. reported that symptomatic
and hormonal response to '*'I-MIBG therapy, but not
reduction in tumour volume, was the best predictor of
prolonged survival [11].

In contrast, Gonias et al. reported that MIBG scan or
computed tomography/magnetic resonance imaging (CT/MRI),
but not hormonal response, was predictive of overall survival
(OS) after high-dose '*"-MIBG therapy [12].

2-[Y¥F]Fluoro-2-deoxy-p-glucose (FDG) is a radiola-
belled glucose analogue used for imaging of malignant
tumours with high glucose metabolism. FDG has been
applied to the diagnosis of phacochromocytoma. Its
usefulness for monitoring the efficiency of 'I-MIBG
therapy in malignant phaeochromocytoma has also been
reported [13]. A comparative study between MIBG scan
and FDG positron emission tomography (PET) revealed
that FDG PET is able to detect a greater number of
phaeochromocytoma lesions and metastases and that it may
be used for the assessment of therapeutic effects [14], In
another comparative study by Menzel et al. {13], FDG PET
revealed a significant decrease in standardised uptake value
(SUV) after ""'I-MIBG therapy, while no significant
volume reduction was detected by X-ray CT. Thus,
determination of the SUV by FDG PET is expected to
be a good alternative therapeutic assessment of the
tumour which shows little change in size by CT/MRI
[13]. Although several approaches have been performed,
the appropriate procedure for therapeutic evaluation of
PPULMIBG therapy in malignant phasochromocytoma is
still controversial.

In this study, we evaluated the efficacy of FDG PET
for assessment of *'[-MIBG therapy compared with X-
ray CT and serum catecholamine levels in order to
identify biomarkers for the treatment of malignant
phaeochromocytoma.

@_ Springer

Materials and methods
Patients and "*'I-MIBG therapy

We performed a retrospective review of 11 patients
undergoing *'I-MIBG therapy for malignant phaeochro-
mocytoma for the first time from April 2006 to February
2010 in our institution. Patients with positive tracer uptake
as assessed by *I-MIBG scan were selected for treatment.
The dose of *'I-MIBG was 100-200 mCi (3.7-7.4 GBq).
We usunally give two to three treatments of 100-200 mCi
(3.7-7.4 GBq) with an at least 6-month interval. In this
study, we analysed FDG PET and senum catecholamine
assays which were performed 3 months before and after the
first dose of *'I-MIBG.

Patients with myelosuppression (haemoglobin <9.0 g/dl,
white blood cell count <3,000 mm™>, platelet count
<100,000 mm™), patients who were pregnant or breast-
feeding, and patients with an expected survival of less than
I month or renal dysfunction with effective glomerular
filtration rate <30 ml/min were excluded from this study.

To prevent solution (‘B‘LMEBG) {eakage during admin-
istration, a central venous catheter was inserted through the
right subelavian vein of all patients. **'I-MIBG was infused
intravenously for 30 min in a lead-shielded room with
infravenous hydration.

Written informed consent was obtained from each patient
before they were emrolled in the study, and the study
protocol was approved by the Institutional Review Board.
This study was conducted in accordance with the amended
Helsinki Declaration. Qur database and electronic charts
were retrospectively reviewed to obtain follow-up data.

Imaging protocols

All patients underwent repeated FDG PET (eight scans) or
PET/CT (three scans) 3 months before and after the first
BU.MIBG therapy.

FDG was produced in our cyclotron facility. The patients
were fasted for 6 h, and free of alcohol and caffeine for
12 b, before being given an intravenous injection of
'*F-FDG (5 MBg/kg). FDG PET/CT scans were performed
with the Discovery STE (GE Healthcare, Waukesha, W1,
USA) and Biograph 16 (Siemens Medical Solutions,
Knoxville, TN, USA) scanners, with a 700-mm field of
view (FOV) and slice thickness of 3.27 mm. The CT was
acquired to correct PET transmission using the following
parameters: 140 kVand 120-240 mAs to produce 128x%128
matrix images. The patients were scanned in the arms-down
position from head to thigh. Shallow breathing was advised
to avoid motion artefacts and minimise misregistration of
CTand PET images. Intravenous contrast material was not
administered for CT scanning. After the CT scan, the PET
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data were acquired, and acquisition time was 3 min per bed
position. CT images were reconstructed by using the
conventional filtered backprojection method. Axial full-
width at half-maximum (FWHM) at 1 cm from the centre of
the FOV was 6.3 mm. Intrinsic system sensitivity was 8.5
cps/kBq for three-dimensional acquisition.

Biochemical markers

Pre- and post-therapy assessment included the following
markers of catecholamine metabolism: plasma norepinephrine,
epinephrine and dopamine; and 24-h urine collection for
fractionated catecholamines (norepinephrine, epinephrine and
dopamine), metanephrine and normetanephrine. In this study.
we adopted norepinephrine as a representative marker
(upper reference limit <0.06 ng/ml in plasma),

Scan review and evaluation

FDG PET and PET/CT images were retrospectively
reviewed by two experienced nuclear medicine physicians,
who were blinded to all other imaging and clinical
information, including biochemical markers. The SUV
was used for image interpretation. FDG uptake of the
observed lesions was evaluated using the maximum SUV
(SUV v ), and tumour size was calculated on the basis of
the sum of the longest diameter of the target lesions.

Statistical analysis

Responder (R) and non-responder (NR) patients were
defined according to changes in symptoms, CT, MRI and
LMIBG scan obtained after a period of at least 6 months
of clinical follow-up. Symptoms inchided fatigue. flushing,
sweat, diarrhoea, weight loss, etc. Symptomatic response
was defined as either complete resolution or a subjective
decrease in the intensity of symptoms, because the

evaluation of these symptoms cannot help relying on a
subjective evaluation excluding the one which can be
meastred by the numerical value. If a new lesion was detected
by CT. MRI, PETor "' I-MIBG scan atter "> I-MIBG therapy,
the patient was classified into the NR. group.

The average SUV ., of all lesions was defined as ASUV
The ratio of pre- and post-therapy ASUV was calculated
(rASUV). If more than five lesions were identified by FDG
PET, the average of the five highest SUV,,,. values was
calculated (ASUVS). The ratio of pre- and posi-therapy
ASUVS3 was also caleulated (rASUVS). The lesion with the
highest SUV .., was defined as MSUV, The ratio of pre-
and post-therapy MSUV was calculated ('"MSUV). In
addition, the sum of the longest diameters of the lesions
with the five highest SUV,,., values (summed CT
diameter) and the ratio of pre- and post-therapy summed
CT diameter (1CT) were also calculated. For hormonal
evaluation, the ratio of pre- and posi-therapy serum
catecholamine (rCA) was calculated.

The unpaired 7 test was used to evaluate the statistical
significance of tASUV, rASUVS, tMSUVY, rCT and rCA in
the R and NR groups. Significance was set at p<0.05.

Results

The characteristics of the patients involved in the present
study are supumarised in Table [. The patients were seven
men and four women, aged 29-69 years [mean (SD) 49.4
(14.6) years]. Ten patients underwent surgery: three patients
(27%) received radiotherapy, five patients (45%) received
chemotherapy and two patients (18%) received both chemo-
therapy and radiotherapy before ''I-MIBG administration.
Of 11 patients, 8 (72%) had elevated serum catecholamine
{norepinephrine) before 'I-MIBG therapy, and 5 of 11
patients (45%) had elevated wrinary catecholamine. The
wedian dose of "' I-MIBG was 7.4 GBq (3.7-7.4 GBg).

Table 1 Characteristics

of patients Patient

Age (years)/sex

Primary lesion Previous treatment Dose of " I-MIBG (mCi)

43/M
34/F
69/
59/M
51/M
29/F
39/F
32M
57F
63/M
67/M

Ja L2 B e

o

<

M male, F female, Op operation,
chemo chemotherapy, RT
radiation therapy

— e D 00w

L advenal Op, chemo 100
L adrenal Op 100
L neck Op. chemo, RT 100
1. adrenal Op 150
L adrenal Op, chemo. RT {50
Retroperitoneum Op 200
L adrenal Op, chemo 200
R adrenal Op. RT 200
L adrenal Op, chemo 200
R adrenal Op 200
Bladder None 200
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Table 4 The ratio of pre- and - ] . .
post-therapy values according to rASUYV TASUVS rMBUY CT CA
the response to therapy

R 0.64x0.18 0.68:0.17 0.70:0.22 0.95+0.06 0.58:0.15
R vesponder, NR non-responder. NR 1.40::0.54 1.37+0.61 1.12+0.34 1.06x0.08 1.973:0.94
C4 norepinephrine was adopted 5 value 0.02 0.04 0.06 0.07 0.03

for a catecholamine index

increased from 9.72 to 10.60; ASUVS increased from 12.76
to 13.32. Serum norepinephrine levels also increased from
7.60 to 10.86 ng/ml. However, neither patient | nor patient
7 exhibited major changes in the size of the tumour lesions.

Discussion

BILMIBG therapy is not expected to result in remarkable
tumour shrinkage or eradication in most of the patients. In
malignant phaeochromocytoma, the 5-year survival rate is
low. Thus, the goal of treatment is to delay disease
progression and extend survival with quality of life. For
the evaluation of therapeutic response, the combination of
clinical, biochemical and radiological findings are estimaied;
however, no single parameter by which the therapeutic
response is evaluable has been established. According to our
study on PU-MIBG therapy evaluation, no significant
difference was observed between R and NR patient
groups with regard to changes in tumour size measured
by CT. This is consistent with the fact that many cases

Fig. 1 A 43-year-old male patient with multiple lung metastases
(patient ). PET (a) and combined PET/CT (b) images obtained before
PLMIBG therapy showed FDG uptake in the lung metastasis. PET

do not show changes in tumour size before and after
therapy. On the other hand, FDG uptake measured by
SUV was significantly decreased in the R group as
compared with the NR. group.

At present, therapy evaluation by the Response Evalu-
ation Criteria in Solid Tumors (RECIST) was mainly based
on the measurement of length by CT. On the other hand,
evaluation by the PET Response Criteria in Solid Tumors
(PERCIST) has been used in recent years [15]. In the case
of malignant phacochromocytoma, anti-tumour effects are
usually moderate compared with chemotherapy on common
solid tumours, and tumour shrinkage is rare even in cases
with improved symptoms. Therefore, it is unlikely that a
significant difference was observed by CT imaging between
the two groups in this study. A significant difference was
observed only in the SUV, as assessed by FDG PET
Notably, evaluation is considered to be barely possible in
the case of a subtle quantitative change in glucose
metabolism.

The ratio of the highest SUV,,,, (tMSUV}) was not
significantly different between R and NR patient groups.

(e) and PET/CT (d) 3 months after *'-MIBG therapy showed FDG
uptake decreased from 10.7 to 4.6

@_ Springer
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Fig. 2 A 57-year-old man (patient 7) underwent ‘*'I-MIBG therapy
(200 mCiy. PET (a) and PET/CT (b) imagss before "> I-MIBG therapy
showed FDG uptake in the right iliac bone and the L5 vertebra.

On the other hand, a significant difference was observed for
rASUV (caleulated as the average of SUV changes for all
lesions), or simplified rASUVS, On the basis of the above,
we consider accurate evaluation to be impossible even
using SUV without a comprehensive review of the
accumulated changes in multiple lesions.

In our study, the most significantly different parameter
between R and NR patients was rASUV. Unfortunately, in
cases with a large number of metastases, determination of
the SUV . for all of the lesions by FDG PET is highly
time-consuming. Therefore, ASUVS (also statistically
significant between R and NR patients) may be a suitable
parameter for evaluation of the therapeutic effects. This
method is less time-consuming than measurement of the
SUV ax for all of the lesions.

In a stady by Nwosu et al. [14], Kaplan-Meier analysis
showed significantly increased survival (p=0.01) from the
date of first M-MIBG administration in patients with
metastatic neuroendocrine tumours who reported symptomatic
improvement. Patients with biochemical and radiological
(MIBG scan, CT and MRI) responses did not show any
statistically significant alteration in survival compared with
NR patients. Ideally, assessment of the therapeutic effective-
ness of '*'-MIBG therapy should be based on Kaplan-Meier
survival curves. However, these analyses are not available in
malignant phaeochromocytoma because it is a rare disease,
with only a few cases per year treated with "“'-MIBG. In
addition, evaluation of symptoms is a subjective parameter

& Springer

Increased FDG uptake was also observed in the post-therapy study
(from 12.8 to 17.3) (e, d)

Although the evaluation of sympioms is clinically useful, the
assessment should be objective and reproducible. In our
study, we used an objective method (based on SUV
determination) for the quantitative evaluation of therapy
response.

Our study suggests that FDG PET is useful for
monitoring the efficiency of “'I-MIBG therapy. However,
we did not analyse MIBG scan as an evaluation procedure.
Taggart et al. suggested that, for patients with MIBG-
positive relapsed neuroblastoma, MIBG is more sensitive
than FDG PET for disease detection and response evalua-
tion after "'I-MIBG therapy [16]. In that study, the
therapeutic effect was assessed by comparing the number
of lesions detected before and after "*'I-MIBG therapy by
FDG PET coupled with MIBG scan. In malignant phaeo-
chromocytoma, metastatic lesions rarely disappear after
BILMIBG therapy. The purpose of ' I-MIBG therapy is
usually to control disease progression. Therefore, it is
inappropriate to use the change in the number of metasiatic
lesions detected by FDG PET as an evaluation method for
malignant phaeochromocytoma. Therefore, our study is
important because it provides a quantitative method for
such evaluation.

Our study has some lmitations. Firstly, the number of
patients is limited. Secondly, the final assessment of
therapeutic effectiveness is inadequate. Accurate definition
of R and NR was important in this study. Ideally, patients
should be classified into R and NR after a long-term
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(several years) follow-up; however, we classified the
patients after [-year follow-up.

In conctusion, the results of the present study indicate
that FDG PET is an alternative and useful method for
evaluating the effect of P'-MIBG therapy as compared to
CT in patients with malignant phaeochromocytoma. The
change in SUV from pre- to post-therapy, as assessed by
FDG PET, can be used as a quantitative index of
assessment. In particular, the average SUV . of the five
highest lesions may be useful in the present clinieal
evaluation. Thus, FDG PET has the potential to predict or
monitor the response to '*'I-MIBG therapy.

Conflicts of interest None.
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Mineralocorticoid Receptor-Associated Hypertension
and Its Organ Damage: Clinical Relevance for

Resistant Hypertension

Hirotaka Shibata'and Hiroshi ltoh'

The role of aldosterone in the pathogenesis of hypertension and
cardiovascular diseases has been clearly shown in congestive heart
failure and endocrine hypertension due to primary aldosteronism,
Inresistant hypertension, defined as a failure of concomitant use of
three or more different classes of antihypertensive agents to control
blood pressure (8P), add-on therapy with mineralocorticoid receptor
{MR) antagonists is frequently effective, which we designate as
“MR-associated hypertension” The MR-associated hypertension is
classified into two subtypes, that with elevated plasma aldosterone
levels and that with normal plasma aldosterone levels. The former
subtype includes primary aldosteronism (PA), aldosterone-associated
hypertension which exhibited elevated aldosterone-to-renin ratio
and plasma aldosterone levels, but no PA, aldosterone breakthrough
phenomenon eficited when angiotensin-converting enzyme
inhibitor (ACE-)) or angiotensin Ii receptor blocker (ARB) is continued
to be given, and obstructive sleep apnea. In contrast, the latter

SIGNIFICANCE OF ALDOSTERONE AND MINERALOCORTICOID
RECEPTOR IN HYPERTENSION AND CARDIOVASCULAR
COMPLICATIONS
The role of aldosterone in the pathogenesis of hypertension
and cardiovascular diseases has long been recognized through
multiple mechanisms including inflammation, oxidative stress,
fibrosis, and endothelial dysfunction. The beneficial effects of
aldosterone blockade has been clearly demonstrated in patients
with congestive heart failure by several randomized-controlled
clinical trials, particularly Randomized Aldactone Evaluation
Study (RALES),! Eplerenone Post-Acute Myocardial Infarction
Heart Failure Efficacy and Survival Study (EPHESUS),? and
Eplerenone in Mild Patients Hospitalization and Survival Study
in Heart Failure (EMPHASIS-HF).? Based on the clinical stud-
ies, the addition of mineralocorticoid receptor (MR) antagonists
to optimal medical therapy reduces morbidity and mortality
among patients with mild to severe systolic heart failure.

The role of aldosterone in hypertension is best illustrated in
primary aldosteronism (PA) which is characterized by aldosterone

'Department of Internal Medicine, School of Medicine, Keio University, Tokyo,
Japan. Correspondence: Hiroshi ltoh (hrith@sc.itc keio.acjp)

Received 12 October 2011;first decision 23 October 201 1; acceptad 21 Novernber
2011,

© 2012 American Journal of Hypertension, Lid.

AMERTCAN JOURNAL OF HYPERTENSION

subtype includes obesity, diabetes mellitus, chronic kidney disease
(CKD), and polycystic ovary syndrome (PCOS). The pathagenesis of
MR-associated hypertension with normai plasma aldosterone levels
is considered to be mediated by MR activation by pathways other
than high aldosterone levels, such as increased MR levels, incraased
MR sensitivity, and MR overstimulation by other factors such as Rac1.
For resistant hypertension with high plasma aldosterone levels,

MR antagonist shouid be given as a first-line therapy, whereas for
resistant hypertension with normal aldosterone levels, ARB or ACE-|
should be given as a first-line therapy and MR antagonist would be
givenas an add-on agent.

Keywaords: aldosterone; blood pressure; hypertension; mineralocorticoid
receptor; resistant hypertension

American Journal of Hypertension, advance online publication 19 January 2012;
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excess, suppressed plasma renin activity, and treatmen(-resistant
hypertension. The widespread use of aldosterone-to-renin ratio
as a screening test leads to higher prevalence of PA in hyperten-
sive patients than previously predicted. The recent meta-anal-
ysis on the prevalence of PA showed that 4.3% of hypertensive
patients in a primary care setting and 9.0% of referred patients
have confirmed PA.* Patients with PA are at an increased car-
diovascular risk by three to fivefold, as shown by higher rates
of stroke, myocardial infarction, and arrhythmias compared to
hypertensive individuals without PA.>?

Resistant hypertension (RHTN) is defined as persistent
hypertension with a failure of concomitant use of three or
more different classes of antihypertensive agents to control
blood pressure (BP) to <140/90 mm Hg, remains a common
clinical problem.!%}! The prevalence of PA is shown to be
higher (14-219%) in patients with RHTN compared to the
general hypertensive population. Besides PA, RHTN is
frequently observed in several subsets of patients, including
obstructive sleep apnea, obesity, diabetes mellitus, chronic
kidney disease (CKD), and polycystic ovary syndrome
(PCOS). Despite a variety of plasma aldosterone levels among
these pathologic states, add-on therapy with MR antagonists
is shown to be very effective in patients with RHTN, indicat-
ing MR overactivation independent of plasma aldosterone
levels.??
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In the Framingham Offspring Study, higher baseline plasma
aldosterone levels within the physiologic range were associ-
ated with an increased risk of BP elevation or development of
hypertension after 4 years in 1,688 normotensive individuals.?
The clinical observation suggests that MR overactivation plays
a crucial role in not only cardiovascular complications but also
arisk of developing hypertension.

ALDOSTERONE ACTION AND MR ACTIVITY

The MR is a member of the nuclear receptor superfamily and
is essential for controlling sodiwm and potassium transport
in epithelial cells, most notably in the kidney and colon.!41®
Aldosterone induces activation of serum- and glucocorticoid-
inducible kinase 1 and epithelial sodium channel which is
followed by downstream actions that promote both ion trans-
port and inflammation. In the kidney, the upregulation of inter-
cellular adhesion molecule-1, monocyte chemotactic protein-1,
interleukin-6, plasminogen activator inhibitor-1, and transform-
ing growth factor-p contributes to vascular injury, tubulointer-
stitial inflammation and subsequent fibrosis, and glomerular
injury. Aldosterone also plays an important role in nonepithelial
cells, such as cardiac myocytes and vascular walls.

Nuclear receptor coregulators are composed of both coac-
tivators and corepressors and are defined as nonreceptor
proteins which interact with nuclear receptors to potenti-
ate or attenuate transactivation. Among over 300 coregula-
tors, the number of MR-interacting coregulators identified
to date is very limited such as p160 family, RI1A, ELL, Ubc9,
and NF-YC.'%22 Most of the canonical mechanisms of aldos-
terone are considered to be mediated by cytosolic/nuclear
MR with multiple coregulators which are defined as genomic
action. However, it is now generally accepted that aldosterone
has acute effects, throngh rapid, so-called nongenomic sign-
aling pathways.?># Though aldosterone mediates rapid non-
genomic effects via both MR-dependent and -independent
pathways, the mechanism(s) of this MR-independent effect
of aldosterone have remained a focus of controversy. Recent
studies implicated that rapid vascular response to aldosterone
is dependent on the availability of GPR30, which is originally
an orphan G protein-coupled receptor. Functional significance
of GPR30 and MR remains to be elucidated 527

There is one clinical observation that patients with auto-
somal dominant pseudohypoaldosteronism type 1, in whom
plasma renin and aldosterone levels are elevated due to the
MR gene mutations, present with no significant cardiovascu-
lar diseases or hypertension.?® These findings suggest that the
MR-independent aldosterone action alone may not lead to
cardiovascular complications, Since the clinical significance
of MR-independent aldosterone action has not been proved
yet, the role of aldosterone in cardiovascular function may be
mainly mediated by classical MR.

MRACTIVITY AND HYPERTENSION

Previous reports have demonstrated the antihypertensive
efficacy of high doses of spironolactone in subjects with PA
and, to a lesser degree, subjects with RHTN.1%!2 Nishizaka
et al.?* showed that low-dose spironolactone provides signifi-
cant additive BP reduction in African American and white
subjects with RHTN with and without PA, indicating that MR
is likely to be overactivated in patients with RHTN. Since the
MR is activated by its agonistic ligands, elevation of plasma
aldosterone levels obviously activate the MR activity in target
tissues. In addition, the MR activity can be activated without
elevation of plasma aldosterone levels in several diseased states
through multiple mechanisms including increased MR expres-
sion levels, increased MR sensitivity, or MR overstimulation
by other factors. In fact, RHTN frequently includes hyperten-
sion whose BP level is effectively controlled by MR antago-
nists. We therefore designate such MR antagonist-responsive
RHTN in a broad sense as MR-associated hypertension. The
MR-associated hypertension can be divided into two subtypes,
that with high aldosterone and that with normal aldaster-
one levels (Figure 1, Tables 1 and 2). In the former subtype,
plasma aldosterone levels are relatively higher (usually 2150
pg/rl) in proportion to plasma renin activity. It is reason-
able that RHTN with elevated plasma aldosterone levels can
be effectively treated with MR antagonists. However, it should
be noted that several subsets of patients with RHTN with
normal plasma aldosterone levels can also be effectively con-
trolled by add-on therapy with MR antagonist, which we define
as MR-associated hypertension in a narrow sense (Table 2).

MR-ASSOCIATED HYPERTENSION WITH ELEVATED PLASMA
ALDOSTERONE LEVEL

PA is a typical MR-associated hypertension with eclevated
plasma aldosterone level. The recommendation of PA clinical
practice guideline consists of three consecutive steps: case

Elevated plasma aidosterone levels

Primary aldosteronism

Aldosterone-associated hyperiension
Aldosterone breakthrough (escaps) phenemenan
Obesity

Obstructive sleep apnea

Sleep disorders

i“AdspDcyte»derived factors”
! ey Pathological MA aci
+ inadequate suppression atholagical MR activation
of aldostsrone levels AI

» Excessive salt intake

+ Obaesity

« Diabetes mellilus

» Chronic kidney disease

» Polycystic ovary syndrome

» High serum or tissue cortisol
Normal plasma aldosterone levels «

Cardiovascular complications

Resistant hypsrension
i

Figure 1| Pathogenesis of MR-associated hypertension.
MR, mineralocorticoid receptor.

MAL OF HYPTRTENSION
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Table 1| MR-associated hypertension with elevated plasma
aldosteronelevels

Definition
MR antagonist-responsive hypertension

High plasma aldosterone levels {usually greater than 150 pg/ml) in
proportion to plasma renin activity

Pathologicstate
Primary aldosteronism
Aldosterone-associated hypertension
Aldosterone breakthrough (escape) phenomenon
Obesity
Obstructive sleep apnea
Sleep disorders (insomnia, sleep deprivation, shift working)

MR, mineralocarticoid receptor.

Table 2| MR-associated hypertension with normal plasma
aldosterone levels )
Definition

MR antagonist-responsive hypertension

Normal plasma aldosterone !evefs
Pathologicstate

Obesity

Diabetes mellitus

Chronickidney disease

Polycystic ovary syndrome

High serum or tissue cortisol levels

MR, mineralocorticoid receptor.

detection, confirmatory, and lateralization tests.’%3! The case
detection of PA should be performed with combination of an
increased plasma aldosterone concentration (pg/ml)/plasma
renin activity (ng/ml/h) ratio of greater than 200 and a plasma
aldosterone concentration of greater than 150 pg/ml.

Among several confirmatory tests, the Keio University
Hospital (Tokyo, Japan) mostly relies on oral salt loading
test. When 24-h urine aldosterone excretion is greater than
8ug with a urinary Na excretion greater than 170 mmol, PA
can be definitively diagnosed. Inadequately suppressed aldos-
terone levels under excessive salt intake have been shown to
overstimulate the MR transactivation particularly in non-
epithelial tissues such as myocardium and vasculature, thus
resulting in the development and progression of several car-
diovascular diseases.>™® Two most common subtypes of PA
are aldosterone-producing adenomas (APAs) and idiopathic
hyperaldosteronism (IHA) due to bilateral adrenal hyperpla-
sia. The subtype diagnosis of PA is crucial because treatment

AMERICAN SOURNAL OF HYPERTENSION

option is dependent on its subtype; unilateral adrenalectomy
for APAs and medical therapy including MR antagonist for
IHA. The pathogenesis of APAs is due io auicnomous over-
expression of CYP11B2 in the tumors™ or the KCNJS potas-
sium channel gene mutation, whereas that of THA is totaily
unknown at present.>

Doi et al. have recently reported that mice lacking crypto-
chrome-1 (Cryl) and cryptochrome-2 (Cry2), which are clock
genes that produce the circadian rhythm, show salt-sensitive
hypertension with high plasma aldosterone and suppressed
plasma renin activity levels.** Purther research revealed that
a newly identified steroidogenic enzyme, 3p-hydroxysteroid
dehydrogenase type 6 (Hsd3b6) is exclusively overexpressed
in the adrenal zona glomerulosa cells of Cryl/Cry2 double-
knockout mice, thus resulting in enhanced aldosterone secre-
tion. They also showed that HSD3B1, a human ortholog of
mouse Hsd3b6, is enriched in human adrenal zona glomeru-
losa cells, suggesting a role of this enzyme in aldosterone syn-
thesis. It remains to be elucidated a possible role of HSD3B1 in
the pathogenesis of THA.

Several reports showed that a higher prevalence of meta-
bolic syndrome in a large population of patients with PA
compared with patients with essential hypertension. >3 Of
interest, a recent retrospective study of 100 patients with PA
showed that the prevalence of the metabolic syndrome and
the body mass index (BMI) value were significantly higher in
IHA compared with APA patients.’” Similarly, in our institute,
the BMI and homeostasis model assessment of insulin resist-
ance were significantly correlated with wrinary aldosterone
excretion in patients with THA (n = 54), but not with APA
(1= 31) (Tables 3 and 4). It is tempting to speculate that the
pathogenesis of aldosterone excess in IFTA may be related with
obesity and insulin resistance. Previous reports showed that
secretory products from isolated human adipocytes strongly
stimulated aldosterone secretion in human adrenocortical
NCI-H295R cells, indicating that human adipocytes secrete
aldosterone-releasing factors.’®3% Several reports showed that
plasma aldosterone levels are correlated with BMI and waist
circumference in hypertensive subjects,’®*! suggesting that
the adipocyte-derived factors may play an important role in
MR-associated hypertension with elevated plasma aldosterone
levels particularly including THA.

Secand, high aldosterone level is also involved in RHTN other
than PA. Sartoli et al.** demonstrated that high levels of plasma
aldosterone in hypertensive patients increase the risk of poor BP
control, despite the use of combination therapy with multiple
antihypertensive agents, even when they do not meet the diag-
nostic criteria for PA. They designated such RHTN as “eldosterone-
associated hypertension”, which was defined as hypertension
with an elevated aldosterone-to-renin ratio and plasma aldoster-
one levels, but no PA based on captopril suppression test. Tn this
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Table 3| Clinical features of two subtypes of primary
aldosteronism

APA HA Pvalue
Characteristics Values (+s.d.) Values (+s.d)
N 31 54 ‘
Age, years 51411 51x9 0.82
Sex (women) 12/31 30/54 0.14
BMI, kg/m? 23.6:£4.5 24.8%3.7 0.20
Waist circumstance, cm 8317 849 0.84
Systolic BP, mmHg 136420 14014 0.32
Diastolic BP, mmHg 8916 86:£11 043
Diabetes mellitus 3/3 2/54 0.35
Dyslipidemia 1/31 9/45 0.085
Plasma aldosterone, pg/mi 404203 232496 <0.001*
Plasma-active renin, pg/mi 3.8+26 6565 0.017%
Aldosteronerenin ratio 133.5£80.9 5514361  <0.001*
Urinary aldosterone, pg/day  23.9%15.0 131475 0.01%*
Serum potassium, mEg/} 37x06 4.0+04 0.009*

APA, aldasterone-producing adenoma; BMI, body mass index; B, blood pressure;
IHA, idiopathic hyperaldosteronism. *P < 0.05, P < 0.01 between APA and IHA.

Table 4| Correlation between urine aldosterone excretion and

metabolic parameters
APA HA
R Pvalue R Pvalue

BMI 0.028 0.894 0.443 0.003**
HbA, . 0.384 0.058 0.279 0.099
Glucose -0.100 0.643 0.196 0.231
HOMA-R ~0.170 0.530 0.789 <0.001**
HDL-C -0.109 0582 -0.116 0.519
LDL-C -0.027 0.089 0.086 0.613
TG . -0.100 0.605 0.175 0.279

APA, aldosterone-producing adenoma; BMI, bady mass index; HbA, . glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-R, homeostasis mode!
assessrnent of insulin resistance; IMA, idiopathic hyperaldosteronism; LOL-C, low-density
lipoprotein cholesterol, R, correlation coefficient, TG, trighyceride.

P <007

type of hypertension, adequate BP control was reached in a lower
fraction of patients after a longer treatment period as compared
with essential hypertensive patients.

Third, blocking the renin-angiotensin-aldosterone system
with angiotensin-converting enzyme inhibitors (ACE-Is) or
angiotensin II receptor blockers (ARBs) is often associated
with an initial decrease in plasma aldosterone followed by a
subsequent increase in aldosterone above pretreatment levels
during prolonged treatment. This phenomenon is named as

“aldosterone escape” or “aldosterone breakthrough” and it may
confribute to drug resistance counteracting the antihypertensive
actions of the drugs. Bomback and Klemmer*® showed that an
incidence of aldosterone breakthrough is 10-53% in patients
with chronic heart or kidney disease on ACE-T or ARB therapy.
However, the detailed molecular mechanisms for aldosterone
breakihrough have not been elucidated. The add-on therapy of
an MR antagonist in this context could result in an improved
prognosis through a further and sustained BP reduction.

Obstructive sleep apnea (OSA) is characterized by recur-
rent episodes of partial or complete upper airway obstruc-
tion during sleep. OSA is particularly common in patients
with RHTN %8 Siimulation of sympathetic activity by OSA
is likely representing the most important effect by which OSA
increases BP through elevation of vascular resistance, greater
cardiac output, and possibly stimulation of the renin-angiotensin-
aldosterone system. Several adipocytokines, such as angi-
otensinogen, 12, 13-epoxy-9-keto-10{trans)-octadecenoic
acid, and adipocyte-derived faciors, would also stimulate
aldosterone secretion.*»15:43:49 Treatment of OSA with use
of continuous positive airway pressure has generally shown
a consistent but modest antihypertensive benefit due to sup-
pression of the sympathetic activation. A positive correlation
between OSA severity and aldosterone levels suggests two
opposite possibilities*46%; either untreated OSA is stimu-
lating aldosterone release or aldosterone excess is worsening
OSA. Human studies, however, have not shown that treatment
of OSA with continuous positive airway pressure to have a
substantive effect on aldosterone levels. A preliminary study
showed that treatment with a MR antagonist substantially
reduces the severity of OSA,* suggesting that aldosterone-
mediated chronic fluid retention as an important mediator of
OSA severity in patients with RHTIN.

Besides OSA, sleep disorders such as insomnia, sleep dep-
rivation, and shift working have become common problems
in many people. A sleep-inducing hormone, melatonin, rap-
idly suppresses the neural activity of suprachiasmatic nucleus
through the melatonin type 1 receptor to induce sleep. Most
sleep disorders are associated with disrupted circadian rhythm
by which reduction of melatonin secretion leads to biological
clock dysfunction. Based on a report that Cry knockout mice
reveal a human-type THA and salt-sensitive hypertension, a
possible link among sleep disorders, melatonin, and elevated
plasma aldosterone levels is suggested.™”

MR-ASSOCIATED HYPERTENSION WITH NORMAL PLASMA
ALDOSTERONE LEVEL

The prevalence of obesity is increasing and weight gain is asso-
ciated with increases in BP. Mechanisms of obesity-related
hypertension include insulin resistance, sodium retention,
increased sympathetic nervous system activity, activation of the

ARRERICARN JOLRIAL GERY
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renin-angiotensin-aldosterone, and altered vascular func-
tion. The clinical implications of the role of aldosterone in the
metabolic syndrome and RHTN have been strongly suggested
(Table 2, Figure 1).°-5° Tt is therefore possible to hypothesize that
the MR activity is overstimulated in the context of metabolic syn-
drome even in the absence of elevated plasma aldosterone levels.

Second, patients with diabetes often present with RHTN.
ACE-Is or ARBs have become the cornerstone of the man-
agement of patients with hypertension plus diabetes and both
drugs have been shown to have a beneficial effect on surrogate
endpoints such as decreasing microalbuminuria, slowing pro-
gression from microalbuminuria to macroalbuminuria, and
slowing the decline in renal function3%% MR antagonists
can be exceedingly helpful in selected diabetic patients. These
drugs have been shown to reduce target organ disease and sur-
rogate endpoints such as microproteinuria and left ventricular
hypertrophy. The addition of spironolactone to a regimen that
includes maximal ACE-I affords greater renoprotection than
the addition of the ARB losartan in diabetic nephropathy; indi-
cating that MR is overactivated in selected diabetic patients
even in the absence of high plasma aldosterone levels.>”58

Plasma aldosterone levels have been correlated with altera-
tions in kidney function in CKD, suggesting an association
between kidney dysfunction and MR activation. ACE-Ts or
ARBs have become a first-line therapy for the management of
patients with proteinuric CKD in a similar manner to diabetes.
The use of MR antagonists as an add-on agent in CKD is recom-
mended because of the possible direct MR activation as well as
aldosterone breakthrough by ACE-Is or ARBs.5-50 Beneficial
effects of MR antagonists in CKD have been reported in
diabetic nephropathy as well as nondiabetic proteinurias.5!~65
It is therclore suggested that direct activation of the MR that
can occur in pathological states associated with CKD, even in
the absence of increased circulating levels of aldosterone.

PCOS, which is characterized by chronic anovulation,
hyperandrogenism, and insulin resistance, is considered meta-
bolic disease associated with long-term health risks including
cardiovascular discase and type 2 diabetes mellitus. Women
with PCOS appear to have higher aldosterone levels than age-
and BMI-matched controls.% A putative cause of the increased
aldosterone levels, even if within normal limits, observed in
PCOS could be the insulin resistance.

Under high serum or tissue cortisol levels such as Cushing’s
syndrome or inhibition of 11f-hydroxysteroid dehydroge-
nase type 2 by glycyrrhizin, clinical benefit of MR antagonists
depends on displacement of cortisol from the cardiac as well
as renal MR 6768

PATHOGENESIS OF MR-ASSOCIATED HYPERTENSION
The MR action is principally activated by elevation of aldos-

terone levels and by alterations of MR status. The pathogenesis

AMERICAN JOURNAL OF HYPERTENSION

of MR-associated hypertension in a narrow sense is recog-
nized to be overstimulation of MR independent of elevated
plasma aldosterone levels (Figures 1 and 2). At present, puta-
tive molecular mechanisms of MR-associated hypertension
are considered to include five mechanisms: increased MR gene
transcription, increased MR sensitivity, MR stabilization, MR
overstimulation by other factors, and activating mutation of
the MR gene (Table 5).

Increased MR gene transcription

There are several pathological states in which MR gene tran-
scription is increased. First, we have previously shown that
MR expression and superoxide production was concomitantly
increased in astrocytes of the striatum in the mouse 20-min
middle cerebral artery occlusion model.%® Treatmient with
spironolactone markedly stimulated the expression of neuro-
protective or angiogenic factors, such as basic fibroblast growth
factor and vascular endothelial growth factor, thus resulting
in reduction of infarct size. These data indicate that increased
MR transcripts play a pathological role in cerebral infarction
in vivo and that MR antagonist therapy may thus provide a
new therapeutic neuroprotective effects in the ischemic brain
after stroke.

Second, rodent models of types 1 (streptozotocin-treated
rat) and 2 (db/db mouse) diabetes mellitas developed albu-
minuria and histopathological evidence of renal injury as well
as increased renal cortical levels of MR protein, MR messen-
ger RNA {(mRNA), transforming growth factor-f mRNA, and
osteopontin mRNA. All of these changes were significantly
reduced by treatment with eplerenone except for the elevated
MR levels.”" The beneficial effects of eplerenone were not

MR-associated hypsriension

Obesity

Aldasteronism

Diabetes mellitus

Chronic kidney disease

Polycystic ovary syndrome

High serum or tissue corlisol levels

Figure 2 | MR-associated hypertension and putative diseases.
MR, mineralocarticoid receptor.
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attributable to changes in BP or glycemia. It is possible that
increased intrarenal expression of MR may be one mechanism
contributing to increased MR activity in diabetic kidneys.

Third, another study also showed increased MR mRNA lev-
els in kidney biopsies from patients with chronic renal failure
and heavy albuminuria, most of whom did not have diabetes.”!
Taken together with the above studies, increased expression
of MR may be attributable to several pathological conditions,
such as cerebral infarction, diabetes mellitus, and CKD.

Increased MR sensitivity

"The MR activity is shown to be enhanced by post-translational
modification, such as sumovylation, ubiguitylation, phosphor-
ylation, and glycosylation.!>!87274 First, treatment with 1,0,
leads to global protein desumoylation including MR, thus
resulting in enhancement of aldosterone-mediated MR trans-
activation by several fold in vitro.'® Further analyses revealed
that reduction of the MR sumoylation levels by overexpression
of sumoylation-defective MR mutant, K89R/K399R/K494R/
K953R significantly enhances MR transactivation by several
fold in vitro (Figure 3). It is therefore speculated that oxidative
stress enhances MR sensitivity through desumoylation of MR
protein.

Second, cyclin-dependent kinase 5 (CDKS5), a member of
the CDK family of serine/threonine kinases, is essential for
neuronal morphogenesis, function, and survival. Recent evi-
dence suggests that aberrant CDK5 activation plays a role in
the pathogenesis of neurodegenerative disorders, such as
Alzheimer's disease. CDK5 phosphorylates MR, thus resulting
in enhanced expression of brain-derived neurotrophic factor
in rat cortical neuronal cells.” Therefore, increased MR sensi-

tivity by CDKS-mediated phosphorylation of MR may reflect
neuronal viability, synaptic plasticity, consolidation of mem-
ory, and emotional changes in vivo.

MR stabilization

"There are several pathological states in which MR transcripts
or proteins are stabilized. First, the MR expression is tightly
regulated by osmotic stress through alteration of MR transeript
stabilization.” Hypertonic conditions leads to a severe reduc-
tion in MR transcript and protein levels through induction of
tonicity-induced expression of Tis11b, a mRNA-destabilizing
protein, which may favor hypertonicity-dependent degrada-
tion of labile MR transcripts. Osmotic stress-regulated MR
expression may explain an important molecular determinant
for physiological abundant localization of MR at renal cortical
collecting duct cells.

Second, the MR activation secems to involve the epider-
mal growth factor receptor (EGFR) for the development of
fibrosis and vascular dysfunction.”®7® The activated MR can
rapidly transactivate the EGIR probably via the cytosolic tyro-
sine kinase, ¢Src, resulting in extraceltular signal-regulated
kinase 1/2 (ERK1/2) activation. Furthermore, activated MR
can enhance EGFR expression by a genemic mechanism.
Increasing the number of EGFR makes a cell more sensitive for
transactivating activity of other pathophysiological relevant
stimuli, like angiotensin 11, endothelin-1, or reactive oxygen
species. Besides, our preliminary data showed that EGFR acti-
vation enhanced aldosterone-mediated MR transactivation via
increased MR protein levels. The EGFR aclivation, coupling
with activation of EGFR~tyrosine kinase and BRI, resulted in
deubiquitylation and MR protein stabilization (V. Mitsuishi,

1,000
IP with cMR 1P with oMR (%) Sgki mRNA/18s
WB with oMR  WB with oHA 300 - —
800 |-
400 +
200 +
MHWWKHKRWWKRKH 0”! lmlr——ttﬂ! !ﬂ!ﬂ
HA = & - & - e - o 1 7 11 o0 1 7
-SUMO 293-wiMR cells 283-KRmutMR cells
1 o« ~ » 602 870 » 984
| AB ¢ D] EfF | KRmutMR: K88R/K399R/K494R/K953R
K89 K399 K494 K953

Figure 3 | Induction of endogenous Sgk1 mRNA levels was enhanced in stable transformants of sumoylation-inactivate MR mutant (KRmutiR). “Indicate four K
residues (KB9, K399, K494, and K953) which were mutated to R. aHA, anti-HA antibody; aMR, anti-MR antibody; HA, hemaggiutinin; HA-SLRO, HA-tagged SUMO;
1P, immunoprecipitation; mRNA, messenger RNA; MR, mineralocorticoid receptor; SUMO, small ubiquitin-related modifier; W8, westem bilot,
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H. Shibata, I. Kurihara, H. Itoh, unpublished data). Activation
of EGFR either activated by its peptide ligand or transactivated
by factors such as reactive oxygen species, angiotensin II, or
leptin may elicit vasconstriction and renal sodium retention 8

Third, it is belicved that hyperglycemia is one of the most
important metabolic factors in the development of both micro-
and macrovascular complications in diabetic patients. One of
the adverse effects of hyperglycemia is the chronic activation
of protein kinase C (PKC).81-5¢ Clinical trials using a PKCp
isoform inhibitor, ruboxistaurin, in diabetic patients showed
40% risk reduction in vision loss and decrease in urinary albu-
min excretion for diabetic nephropathy.3% Our preliminary
data showed that high glacose condition activate several PKC
isoforms including PXCB, thus resulting in enhancement of
aldosterone-mediated MR transactivation via MR protein sta-
bilization in vitro (T. Hayashi, H. Shibata, . Kurihara, H. Ttoh,
unpublished data). These data suggest that some of the benefi-
cial effects of PKCP inhibitor are attributable to destabilization
of MR proteins.

Fourth, another adverse effect of hyperglycemia is a O-linked
N-acetylglucosamine (O-GleNAc) glycosylation. The O-GleNAc

Table 5 | Putative molecular mechanisms of MR-associated

hypertension
Molecular mechanisms Pathological states

Increased MR gene transcription

Unknown Cerebral ischemia
Unknown Diabetes mellitus
Unknown Chronic kidney disease

Increased MR sensitivity
Desumoylation Oxidative stress

Phosphorylation by
cyclin-dependentkinase 5

‘Neurodegenerative diseases

MR stabilization

MR mRNA stabilization
through reduction of Tis11b

Osmatic hypotonicity

Deubiquitylation Hypercytokinemia (EGF, angiotensin il
leptin etc.}
Phosphorylation by PKCB - High glucese
O-linked-B-N- High glucose
acetylglucosamine
modification

MR overstimulation by other
factors

Racl-mediated MR nuclear

Excessive saltintake
translocation C

Activating mutation ofthe MR Pregnancy-induced hypertension
gene (S810L)

EGF, epiderrnal growth factor; MR, mineralocorticoid receptor; mRNA, messenger RNA;
PKCR, protein kinase CB.
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modificalion now appears to play a major role in glucotoxicity and
participates in diabetic complications in various tigsues.”>7:88
Our preliminary data showed that high glucase condition
enhances aldosterone-mediated MR transactivation by sev-
eral fold via increased O-GleNAc meodification of MR and MR
protein stabilization in vitro (R. Jo, H. Shibata, I. Karihara, H.
Itoh, unpublished data). 'The in vitro data may partially explain
that add-on therapy with MR antagonist to maximum dose
ACE-I further reduce albuminuria in diabetic nephropathy in a
BP-independent manner.”’”

MR overstimulation by other factors

Excessive salt intake indnced renal injury, such as heavy pro-
teimuria, mesangial proliferation, and tubulointerstitial inflam-
mation and fibrosis. Sall-induced renal injury was shown to be
ameliorated by administration of MR antagonist, suggesting
that the renal MR is pathologically activated even when plasma
aldosterone level is suppressed. Recent reports showed a novel
signaling crosstalk between MR and the small GTPase Rac! that
modulates MR function.® Salt excess increased expression lev-
els of Racl in Dahl salt-sensitive, but not salt-insensitive rats.%
Racl is shown to increase nuclear translocation of MR, thus
resulting in enhanced MR activity. Elevation of Racl levels may
therefore explain one mechanisin of salt-sensitive hypertension.
As shown before, alterations of abundance andfor MR affinity
of coactivators and corepressors,'®->* such as Ubc9, ELL, RHA,
PGC-1a, PIASI, and NF-YC play crucial roles in MR activation.

Activating mutation of the MR gene

The MR S810L mutation has been shown to be an activating
mutation and it plays a crucial role in pregnancy-induced
hypertension, since high progesterone levels during pregnancy
act as an agonist for the mutant MR.**

CLINICAL MANAGEMENT OF MR-ASSOCIATED
HYPERTENSION

Since MR-associated hypertension is a salt-sensitive RHTN,
reduction of dietary sall intake is very effective to control BP, As
a therapeutic approach for REH'TN with high plasma aldasterone
levels, MR antagonists, such as spironolactone and eplerenone,

Table 6 | Clinical management of MR-associated hypertension
Resistant hypertension with high plasma aldosterone levels
MR-antagonist {first-line)

Resistant hypertension with normal plasma aldosterone levels in the
presence of obesity, diabetes mellitus, or CKD

ARB or ACE-1 plus MR antagonist (add-on)

ARB, angiotensin If receptor blocker; ACE-], angiotensin-converiing enzyme inhibitor;
CKD, chrenic kidney disease; MR, mineralocorticoid receptor.
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should be used as a first-line drug (Table 6). In contrast, ARBs
or ACE-Is is frequently used as a first-line drug to control hyper-
tension in patients with MR-associated hypertension, including
obesity, diabetes mellitus, CKD, and POCS5% Based on the
pathogenesis of MR-associated hypertension, low dose of MR
antagonists should be given as an add-on agent for the treatment
of RHTN with normal plasma aldosterone levels. However,
given that patients with diabetes plus hypertension are prone to
hyperkalemia due to hyporeninemic hypoaldosteronism, renal
impairment, and/or ACE-I/ARB treatment, these drugs should
be used cautiously and in low doses only. Serum potassium and
creatinine levels will have to be monitored frequently.

Recently, dihydropyridine-type calcium channel blockers,
such as nifedipine and amlodipine, are shown to have inhibi-
tory effects on the MR transcriptional activity when they are
given at higher doses.S2"%* Our preliminary data in patients
with PA showed that switching from a nondihydropyridine-
type calcium channel blocker, diltiazem to either amlodipine
or nifedipine significantly reduced a transtubular potassium
gradient, indicating that dihydopyridine-type calcium channel
blockers have MR antagonistic activity in humans (I. Kurihara,
H. Shibata, H. Itoh, unpublished data). Since clinical evidence
of efficacy of MR antagonist in MR-associated hypertension
is lacking, randomized and controlled clinical trial should be
expected.

SUMMARY

In conclusion, we propose a clinical subtype of RHTN or
organ damage which is effectively controlled by MR antago-
nists as “MR-associated hypertension” in a broad sense. The
MR-associated hypertension is classified into two subtypes,
one with elevated plasma aldosterone levels and the other
with normal plasma aldosterone levels. This clinical entity
includes a variety of pathological states, such as PA, obesity,
OSA, diabetes mellitus, and CKD, in which plasma aldoster-
one levels are elevated in some but normal in others. The MR
action is overactivated by elevated plasma aldosterone levels
due to activation of sympathetic nerve activity, the renin-
angiotensin-aldosterone system. and putative adipocyte-derived
aldosterone-releasing factors, and also by several pathways
other than elevated aldosterone levels, such as increased MR
levels, increased MR sensitivity, and MR-interacting factors.
Since the MR antagonist therapy as a first-line or add-on agent
is effective, it is important to recognize this type of RHTN.
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Abstract:  Pheochromocytoma crisis is a life-threatening endocrine emergency asso-
ciated with symptoms of excess release of catecholamines. It might present spontane-
ously or be unmasked by triggers including trauma, surgery and certain medications that
provoke catecholamine release by tumors. Here we report a case of pheochromocytoma
crisis associated with abscess formation in the tumor and bacteremia of Campylobacter
fetus, which was successfully treated with antibiotics and a surgical resection. This case
appears to be the first reported case in the literature of abscess formation by C. fetus in
pheochromocytoma, leading to catecholamine crisis.

Key waords: abscess, antibiotics, Compylobacter fetus, catecholamine crisis,
pheochromocytoma.

Introduction

Pheochromocytoma crisis is a rare, life-threatening endocrine emergency associated with
symptoms of excess release of catecholamines by the tumor. It might present spontancously
or be unmasked by triggers, such as trauma, surgery, ancsthesia, drug therapy and infection.
Catecholamine crisis has several manifestation components including muitiple organ
failure, severe blood pressure variability, encephalopathy and high fever. A constellation of
very dramatic manifestations occurs, which are progressive despite intensive medical man-
agement and lead to multiorgan failure. Consequently, a delay in making a definitive
diagnosis and carrying out appropriate therapy results in further deterioration of the
patient’s condition. Therefore, it is important to recognize pheochromocytoma crisis as an
cmergency condition and to carry out thorough searches for coexisting diseascs for proper
diagnosis and treatment. It is uncommon for fever to be the presenting manifestation of
pheochromocytoma. However, high fever is a common manifestation of pheochromocytoma
crisis. The causes of fever might be multifactorial and often include an associated illness,
most likely an infectious disease.

Campylobacter fetus is rarely isolated from humans, although it is ubiquitous in cattle,
pigs and poultry. It is usually associated with opportunistic infections. Iiere, we report a
case of pheochromocytoma crisis associated with abscess formation in ihe tumor and
bacteremia of C. fetus, which was successfully treated with antibiotics and a surgical
resection.

Case report

A 53-year-old woman was admitted with complaints of high fever, fatigue and stagger for
1 week. She had experienced a subarachnoid hemorrhage 2 years previ ously. Thereafter, she
had been treated for hypertension. She was diagnosed with type 2 diabetes 6 months carlier.
On physical examination, she presented with variable systolic blood pressure ranging from
120 to 220 mumHg. Her body temperature was 38.0°C, and her pulse rate was 110/min and
regular. Her skin appeared normal, cxcept for extreme perspiration. Laboratory {ests showed
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