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Background and Objectives: It is currently controversial whether subclinical

hyperthyroidism is associatedwithPRKAR1A gene variants.We describe amanwith

subclinical hyperthyroidism and a PRKAR1A gene variant who was diagnosed with

Carney complex (CNC), and we performed a systematic review of published

studies to assess the association between PRKAR1A gene variants and the risk of

subclinical hyperthyroidism.

Design and Methods: The PubMed, EMBASE, OVID, Science Direct, and gray

literature electronic databases were searched for articles published from January

2002 to May 2021 using predefined keywords and inclusion and exclusion criteria.

Data on thyroid function from selected studies were extracted and analyzed.

Results: We identified a CNC patient with a subclinical hyperthyroidism

phenotype combined with multiple components and genetic sequenced

data. In a subsequent systematic review, twenty selected studies (14 case

studies and 6 series studies) enrolling 23 individuals were included in the final

analysis. The patient’s thyroid function data were qualitative in 11 cases and

quantitative in 12 cases. The prevalence of subclinical hyperthyroidism in the

CNC patients with a PRKAR1A gene variant, including our patient, was markedly

higher than that in the normal population (12.5% vs. 2%)

Conclusions: The findings of this systematic review provide helpful evidence

that PRKAR1A gene variants and subclinical hyperthyroidism are related and

suggest that subclinical hyperthyroidism may be a neglected phenotype of

PRKAR1A gene variants and a novel component of CNC patients.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO,

identifier CRD42021197655.
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Introduction

Subclinical hyperthyroidism, with normal thyroxine and/or

triiodothyronine levels and suppressed thyroid-stimulating

hormone levels, includes progression to overt hyperthyroidism,

cardiovascular conditions, bone loss, fractures, and dementia

(1). Carney complex (CNC) is a rare multiple endocrine and

nonendocrine neoplasia syndrome, described for the first time in

1985 by J Aidan Carney as “the complex of myxomas, spotty

pigmentation and endocrine overactivity” (2). According to the

CNC diagnostic criteria in 2001, the syndrome can affect the

thyroid gland, manifesting as thyroid carcinoma or multiple

hypoechoic nodules on thyroid ultrasonography in young

patients (3), but the thyroid functions of these patients are

rarely reported and controversial. Stratakis CA et al. reported

that all patients had normal results of physical and biochemical

examinations of the thyroid gland (total and free thyroxine,

triiodothyronine, and thyrotropin levels) (4); however, some

researchers observed thyrotoxicosis as a clinical finding of the

syndrome (5). Seventy percent of CNC cases are caused by a

PRKAR1A variant (3, 4).

The effect of PRKAR1A variants on thyroid function remains

unknown. An animal study found that thyroid-specific ablation

of mouse PRKAR1A caused hyperthyroidism and follicular

carcinoma (6). We also reported a laboratory result with

subclinical hyperthyroidism as the first diagnosis in a CNC

patient whose variant was confirmed by PRKAR1A gene

sequencing. These results led us to speculate that PRKAR1A

gene variants may be related to thyroid function. To date,

however, thyroid function has not been implicated in CNC

patients with PRKAR1A variants.

CNC is a rare disease. To expand the number of patients, we

performed a systematic review with strict inclusion and

exclusion criteria to obtain original data on thyroid function

in CNC patients with a PRKAR1A gene variant and compared

the prevalence of subclinical hyperthyroidism between CNC

patients with a PRKAR1A gene variant and the normal

population. We searched the PubMed, EMBASE, OVID,

Science Direct, and gray literature databases and systematically

reviewed the thyroid function of CNC patients affected by a

PRKAR1A gene variant.
Methods

Study participant and registration

The patient has signed informed consent forms and

consented to the publication of this case report. This

systematic review was registered with PROSPERO

(CRD42021197655). Details of the protocol for this systematic

review can be accessed at www.crd.york.ac.uk/PROSPERO/
Frontiers in Endocrinology 02
display_record.php?RecordID=197655. It was reported based

on the Joanna Briggs Institute’s approach, for a systematic

review of etiology (7).
Search strategy

Electronic databases, including the PubMed, EMBASE,

OVID, Science Direct, and gray literature databases, were

searched for articles published from January 2002 to May

2021. The included research was strictly human research.

There were no limits regarding the language of publication.

The article type was limited to case and series studies. The search

strategies used are shown in the Supplementary Material.
Inclusion and exclusion criteria

Inclusion criteria: CNC patients (as diagnosed using the

diagnostic criteria) (3) with thyroid function data and a

PRKAR1A gene variant.

Exclusion criteria: CNC patients with a history of thyroid

diseases (such as Graves’ disease, Hashimoto’s thyroiditis,

subacute thyroiditis and so on) and pituitary or thyroid surgery.
Data extraction

The first selection was performed by filtering duplicates with

EndNote ×9 and manual filtering. Eligible studies were selected

according to a multistep approach (title reading, abstract reading

and full-text assessment) by two researchers working

independently. Disagreements between the two researchers

were resolved by a third researcher. The extracted data

included age, sex, thyrotropin (TSH), free thyroxine (FT4),

adrenocorticotropic hormone (ACTH), PRKAR1A gene

variant, cortisol, and other relevant components of CNC.
Risk of bias assessment

To control the risk of bias, gray literature databases were

used. Because the original data of thyroid function were

extracted, the bias control tool was not involved.
Strategy for data synthesis

A meta-analysis was not performed because there were no

three or more thyroid function data of CNC patients with

PRKAR1A variant in enrolled reports that had been extracted.
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Research outcome

The main outcome was the prevalence of subclinical

hyperthyroidism in CNC patients with thyroid function data

and a PRKAR1A gene variant.
Case presentation

A 36-year-old Chinese male was admitted to our endocrine

ward in January 2018 with a 2-month history of repeated fatigue,

decreased TSH (0.01 mIU/L), and normal free triiodothyronine

(FT3), FT4, and thyroid color Doppler ultrasound. He was

treated with methimazole 5 mg QD. He had a history of

hypertension for 2 years and was being treated with

metoprolol succinate, valsartan, and amlodipine tablets.

Cardiac ultrasound suggested thickening of the ventricular

septum. He had moderate sleep apnea syndrome. He was

married and had one child. Many people in his family

had pigmentation.

His heart rate was 119 times/min, his blood pressure was

122/95 mmHg, his height was 167 cm, his weight was 70.3 kg,

and his body mass index was 25.2 kg/m2. A physical

examination at the time of admission revealed bruising at the

elbow skin, purple streaks on the lower abdomen (Figure 1A),
Frontiers in Endocrinology 03
spotty pigmentation of the lip mucosa and multiple skin areas

(Figures 1B, C), skin myxoma of the posterior neck (Figure 1D),

and no thyroid enlargement.

His white blood cell count was 10.15 × 10^9/L, his potassium

was 3.09 mmol/l, his oral glucose tolerance test was 6.42 mmol/l

at 0 h and 9.3 mmol/l at 2 h, and his growth hormone was 0.067

ng/ml. The patient’s TSH was repeatedly lower than the lower

limit of the normal reference value when he was treated at other

hospitals in the previous 2 months and before he was admitted to

our hospital, and the fluctuation was between 0.01 and 0.02 IU/

ml (Table 1). Preoperative assessments of the adrenal gland and

thyroid function are shown in Table 1.

Because cortisol is not suppressed by low-dose

dexamethasone and low levels of ACTH, the patient was

diagnosed with ACTH-independent Cushing syndrome.

Computed tomography (CT) of the adrenal glands showed

nodules on the left lateral adrenal branch and nodular

thickening of the medial adrenal branch on the right.

Enhanced scanning showed uniform enhancement (Figure 1E).

The thyroid gland had a full shape, a smooth capsule, and a

homogeneous glandular echo; color Doppler flow imaging

(CDFI); the blood flow signal within the thyroid gland did not

show an abnormal increase or decrease, and there was no

significant difference in bilateral blood flow signals. No

echogenic lesions were found in the glands. A thyroid scan
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FIGURE 1

Appearance of the patient, adrenal CT, postoperative gross, HE and histochemical staining. (A) Appearance and lower abdomen purple streaks;
(B, C) Lip mucosa and multiple skin spot-like pigmentation; (D) Posterior neck skin myxoma; (E) Adrenal CT: bilateral adrenal nodules, the left
side diameter is 1.9 cm, the enhanced CT value is approximately 40 HU; (F, G) Postoperative gross after left adrenalectomy: The diseased tissue
is grayish-yellow–gray–brown, 4.5•2.5•2 cm, multinodular, some cells have pigmentation, and the surrounding cortex is squeezed and thinned;
(H) After hematoxylin-eosin staining, brown are seen particles •400; (I–L) Immunohistochemistry of SYN (•200), Inhibin-a (•200), CYP11B1and
CYP11B2 (•400). CT, Computed tomography; HE, hematoxylin-eosin.
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TABLE 1 Preoperative assessment and postoperative follow-up of the patient.

Cortisol ACTH UFC(3.5-45
µg/24 h)

Potassium
(3.5-5.5
mmol/l)

Sodium
(135-145
mmol/l)

FT3(3.8-6.0
pmol/l)

FT4(7.86-
14.41
pmol/l)

TSH
(0.34-5.6
mIU/l)

TRAb(0-1.75
IU/l)

TPOAb (0-9
IU/ml)

TGAb (0-4
IU/ml)

316.8 3.09 140.6 5.3 12.36 0.02 <0.3 0.2 0.2

3.82 141.5 4.77 10.96 0.5 / 0.2 0.3

19 4.36 141.1 5.86 9.58 0.29 / / /

/ / / 5.06(3.1-6.8
pmol/l)

15.48(12-22
pmol/l)

0.364(0.27-
4.2 mIU/l)

0.94(0-1.75 IU/l) 8.76 (0-40 IU/
ml)

7.97 (0-70 IU/
ml)

FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyrotropin; TRAb, thyrotropin receptor antibody; UFC, urinary free cortisol.
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(7-63.3
pg/ml)

8 am (6.71-
22.54 ug/dl)

4 pm
(<10.0
ug/dl)

0 am
(<3.62
ug/dl)

Baseline 25.37 25.51 23.55 6.2

1 mg DST 22.65

8 mg DST 24.1

1 week
after
operation

16.45 15.35 15.84 3.8

2 months
after
operation

6.01 6.5 6.73 7.2

30 months
after
operation

472.76(177-579
nmol/l)

380.85(66-
353 nmol/

l)

518.08
(<100
nmol/l)

2.52(5-60
pg/ml)

ACTH, adrenocorticotropic hormone; DST, dexamethasone suppression test
;

https://doi.org/10.3389/fendo.2022.951133
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2022.951133
was not performed because no thyroid nodules were found on

thyroid ultrasound.

Pituitary magnetic resonance imaging, cardiac, breast and

testicular ultrasound and bone density assessments showed

no abnormalities.

The pathological diagnosis was primary pigmented nodular

adrenocortical disease (PPNAD) after left adrenalectomy

(Figures 1F–L), postoperative gross, hematoxylin-eosin (HE),

and histochemical staining). After obtaining the patient’s

informed consent, direct DNA sequencing of PRKAR1A was

performed. Sequence analysis revealed a reported heterozygous

point variant at codon 439 of exon 4 (c.439 A>G) of the

PRKAR1A gene (Figure 2). A diagnosis of CNC was finally

made. The patient refused right adrenalectomy at the follow-up

2 months after surgery and evaluation of family members due to

privacy concerns. The postoperative follow-up of the patient is

shown in Table 1.
Results of the systematic review

Study identification

We identified 195 potentially eligible studies on patients with

a PRKAR1A gene variant diagnosed with CNC. Twenty studies

including patients with thyroid function test results were

deemed eligible. Figure 3 describes the study selection process.
Study characteristics

A total of 20 selected studies (14 case studies and 6 series

studies) enrolling 23 individuals were included for final analysis

(Table 2). The age of the patients ranged from infant age to 55

years. The ratio of male to female patients was 13:10. The rate of

the merging PPNAD phenotype was 47.83% (11/23). At least 20
Frontiers in Endocrinology 05
different PRKAR1A variants were described in the systematic

review, covering six coding exons (exons 2-7), at least two

intronic sequences (introns 2 and 7) and the initiator sequence

(8–27).
Thyroid function

The patient’s thyroid function data were qualitative in 11

cases and quantitative in 12 cases. Among the patients, two

(highlighted with * in Table 2) had subclinical hyperthyroidism

(15, 25), and 21 had normal thyroid function (Table 2). With the

addition of our patient, the prevalence of subclinical

hyperthyroidism was 12.5% (3/24) in the CNC patients with

thyroid function results and a confirmed PRKAR1A

gene variant.
Discussion

We reviewed the thyroid hormone levels of CNC patients

with thyroid function affected by PRKAR1A gene variants. The

prevalence of subclinical hyperthyroidism in this populations is

much higher than that in the general population, which is

approximately 1% to 2% (28). This finding suggests that

PRKAR1A gene variants may be related to subclinical

hyperthyroidism, and this phenotype may be a common

phenotype that is overlooked in CNC patients.

CNC is an autosomal dominant inherited multiple tumor

syndrome with symptoms and signs including spotty skin

pigmentation, heart and skin myxoma, endocrine overactivity,

psammomatous melanotic schwannoma (PMS), etc. Spotty skin

pigmentation is the most common clinical manifestation,

appearing in approximately 77% of cases, and thyroid nodules

or cancer occurs in 5% of cases (3). However, the thyroid

function of these patients is rarely reported and remains
FIGURE 2

Sanger sequencing showed the patient’s C.439 A>G mutation in exon 4 of the PRKAR1A gene.
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TABLE 2 Characteristics of the included studies.

Study Age,
y/
Sex

TSH FT4 ACTH Cortisol PRKAR1A gene
Mutation

CNC and other relevant components

Bilkhu et al. (2021)
(8)

Infant/
M

N N NR N c.549+1G>A Dark brown macules, blue naevi, wart like appendage,
testis uncertain calcification

Ralser et al. (2020)
(9)

31/F 0.87
(0.27-
4.2uU/
ml)

NR <1.5 (7.2-63.3
pg/ml)

36.1 (5-25 ug/
dl)

a large deletion Lentigines, most likely PMS

Chatzikonstantinou
et al. (2020) (10)

53/F 3.443
(0.4-
4uIU/
ml)

1.3 (0.7-
1.55 ng/

dl)

30 (0-46 pg/ml) 15 (4.2-38.4
ug/dl)

c.431dupA Pigmented spots, thyroid hypoechoic nodules, macules
and papules, lentigines, blue nevi, cutaneous myxomas,
nipple myxoma, cardiac myxomas, osteochondromyxoma
or PMS

Shams et al. (2020)
(11)

20/F N N <5 (6-76 pg/ml) NR c.531_534delTGAT Cardiac myxomas, spotty pigmentations, melanocytic
nevus, Café au laitlentigo, cutaneous myxoma, thyroid
nodules

Navarro et al.
(2018) (12)

16/F N N 2 (5–49 pg/ml) 419 (220–520
nM)

c.709-7_709-2del6 PPNAD, thyroid cystic nodules

Kiriakopoulos et al.
(2018) (13)

35/M N N 1 pg/ml 24.13-28.49-
30.4 mg/dl
(8:00-16:00-

22:00)

c.487_488 delAC Pigmented nevi, PPNAD

Wang et al. (2018)
(14)

45/M E E NR NR c.491_492delTG Cardiac myxomas, pigmentation, thyroid nodules

* Cai et al. (2017)
(15)

15/F 0.109
µU/ml

N 1.18-3.67-1.01
pmol/L (8:00-
16:00-24:00)

29.63-26.26-
36.82 µg/dl
(8:00-16:00-

24:00)

a 88 A to G
mutation, which
changes the initiator
ATG to a GTG
codon

PPNAD, pituitary microadenoma

(Continued)
Frontiers in Endocr
inology
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FIGURE 3

Flow chart for the systematic review.
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TABLE 2 Continued

Study Age,
y/
Sex

TSH FT4 ACTH Cortisol PRKAR1A gene
Mutation

CNC and other relevant components

Papanastasiou et al.
(2016) (16)

53/M 1.6
(0.35-
4.94
uIU/
ml)

14.8
(9.01-

21pmol/
l)

5.5 (9-52 pg/ml) 389 (8AM:138-
690 nmol/l)

c.172G>T Cardiac myxomas, intestinal polyp, spotty pigmentation
(lentigines), cutaneous myxomas, thyroid nodules,
microcalcifications of the testes, PPNAD

Mineo et al. (2016)
(17)

40/M 0.67
mIU/
ml

0.8 ng/
dl

≤2.0 pg/ml 24.1mg/dl c.49G>T Colon cancer, spotty pigmentation, PPNAD

Sun et al. (2015)
(18)

20/M E E NR NR heterozygous
mutation

Sertoli cell tumor of testis, cardiac myxoma, pigmentation,
cutaneous myxomas, thyroid nodules

Sun et al. (2015)
(18)

48/F N N N NR heterozygous
mutation

Cardiac myxomas, cutaneous myxomas, pigmentation,
thyroid nodules

Jang et al. (2015)
(19)

22/M N N 2.6 pg/ml 29.37 mg/dl c.441-2A>G PMS, PPNAD, LCCSCT, myxoid liposarcoma, skin
myxomas, skin pigmentations

Álvaro J et al.
(2013) (20)

55/F 2.99
(0.4-4
uIU/
ml)

0.759
(0.8-1.9
ng/dl)

21.3 (10-46 ug/l) 12.9 (5-25 ug/
dl)

a mutation Cardiac myxomas, acromegaly, pituitary macroadenoma,
breast carcinoma, skin myxomas, nevi, lentiginosis, breast
fibroadenomas, colon adenomatous polyps, colon
adenocarcinoma, thyroid nodules

Briassoulis et al.
(2012) (21)

13/F 2.09
(0.4-4
mIU/
ml)

NR NR 3.5 (8AM:5-25
ug/dl)

c.418_419delCA Hyperpigmented skin spots, cardiac
myxomas

Briassoulis et al.
(2012) (21)

29/F 2.29
(0.4-4
mIU/
ml)

NR 16.3 (8AM:9-52
pg/ml)

260 (8AM:5-25
ug/dl)

c.491_492delTG Cranial nerve schwannoma, cardiac myxoma, PPNAD,
freckles/lentigines, breast fibroadenomas, thyroid nodule

Briassoulis et al.
(2012) (21)

32/F 1.05
(0.4-4
mIU/
ml)

NR 10.2 (8AM:9-52
pg/ml)

9.9 (8AM:5-25
ug/dl)

c.177+1G>A Cardiac myxomas, PPNAD, freckles/lentigines, possible
pituitary adenoma

Peck et al. (2010)
(22)

17/F 0.97
(0.4-4
mIU/
l)

1.0 (0.6-
1.6 ng/
dl)

<5 (8AM:10-60
pg/ml)

16.9 µg/dl c.177+3 A>G Brown-black nevi, PPNAD

Courcoutsakis et al.
(2009) (23)

12/M N N NR NR c.682C>T LCCSCT, thyroidal nodule

Vandersteen et al.
(2009) (24)

15/M N NR N N R288X mutation Cardiac myxomas, angiomyxoma, lentigines, testicle
calcified Sertoli tumour

* Sasaki et al.
(2008) (25)

27/F 0.28
(0.35–
4.94
µU/
ml)

11.2
(9.0–
19.0

pmol/L)

<1.1pmol/L 562.8-631.8-
656.6 nmol/L
(8:00-14:00-

23:00)

c.597delC Pigmented spot, PPNAD, GH-producing pituitary
adenoma

Urban et al. (2007)
(26)

9/M N N Low normal or
subnormal
ACTH levels

(7.0–16.0 pg/ml)

Markedly
elevated at all
time points
(216–318 ng/

ml)

R96X CGA!TGA Spotty pigmentation, blue nevi, eyelid myxoma, pituitary
macro-adenoma, thyroid nodule, PPNAD

Carrasco et al.
(2006) (27)

34/F 2.5
(0.4-
4.5
mUI/
ml)

1.0 (0.9-
1.5 ng/
dl)

<10 (15-37
ug/ml)

9.2 (7-22
ug/dl)

578 to 579del TG
mutation

Spotty pigmentation, cardiac myxoma, thyroid nodules,
mammary fibroadenomas, trigeminal schwannoma,
subclinical acromegaly
Frontiers in Endocr
inology
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*Subclinical hyperthyroidism patients.
CNC, Carney Complex; E, Euthyroid; F, Female; GH: Growth Hormone; LCCSCT, Large Cell Calcifying Sertoli Cell Tumor; M, Male; N, Normal; NR, Not Reported; PPNAD, Primary
Pigmented Nodular Adrenocortical Disease; PMS, Psammomatous Melanotic Schwannoma.
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controversial. We believe that PRKAR1A variant may be

associated with abnormal thyroid function. First, subclinical

hyperthyroidism was the first symptom in our patient

associated with a PRKAR1A gene variant. Second, research has

shown that mice with an ablated PRKAR1A gene and lower TSH

levels have not only thyroid follicular carcinoma but also

hyperthyroidism (6). Third, when J Aidan Carney summarized

the spectrum of thyroid gland pathology in CNC patients, he

also thought that thyrotoxicosis should be added to the clinical

findings associated with the syndrome (5). However, he did not

explore whether subclinical hyperthyroidism is related to

PRKAR1A gene variants. These findings inspired us to explore

the relationship between subclinical hyperthyroidism and the

PRKAR1A gene. Because CNC patients are rare, a systematic

review with strict inclusion and exclusion criteria was performed

to gather all published studies worldwide to analyze the thyroid

function of CNC patients affected by PRKAR1A gene variants.

Considering that the confirmed diagnostic criteria for this

syndrome were published in 2001, we excluded studies before

2001. To reduce bias and confounding factors, we excluded

patients who had been diagnosed with thyroid disease and had

affected thyroid function due to pituitary and thyroid surgery, as

well as those with other CNC gene variants, such as PRKACA

encoding PKA catalytic subunit a, PRKACB encoding PKA

catalytic subunit b, PDE11A encoding phosphodiesterase

expressed in the adrenal cortex and PDE8B encoding another

phosphodiesterase (2), which may affect thyroid function.

Our systematic review is helpful for understanding the rare

causes of hyperthyroidism. The main causes of hyperthyroidism

are Graves’ disease, subacute thyroiditis, Hashimoto’s

thyroiditis, excessive iodine intake, TSH tumor, thyroid

hormone resistance, painless thyroiditis, thyroid follicular

cancer metastasis invasion, etc. (29). The causes of subclinical

hyperthyroidism are the same as the causes of overt

hyperthyroidism (1). Even though we know that patients with

CNC caused by PRKAR1A gene variants can have involvement

of the thyroid gland, the rate of thyroid function testing in this

population is low because it is not widely known that PRKAR1A

gene variants may affect thyroid function. We describe a case of a

Chinese man with a PRKAR1A gene variant and normal

thyrotropin receptor antibody (TRAb), whose diagnosis of

CNC was delayed, with a final diagnosis 2 months after the

initial misdiagnosis and treatment for Graves’ disease. Because

the patient had no typical symptoms of thyrotoxicosis and

because of the lack of understanding that PRKAR1A gene

variants may lead to subclinical hyperthyroidism, decreased

TSH is easily considered by clinicians as method-specific

interference and overlooked. This makes the diagnosis and

treatment complicated, leading to the delayed diagnosis of

CNC. The prevalence of subclinical hyperthyroidism in the

specific population pooled in this systematic review was much

higher than that in the general population, suggesting that

PRKAR1A gene variants may be the cause of subclinical
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hyperthyroidism. Three patients in our systematic review all

manifested decreased TSH but no thyroid nodules. Similar to

Stergiopoulos et al., the biochemical indicators GH and IGF-1

were elevated, but no adenomas were found on imaging, which

may be because hyperplasia most likely precedes the formation

of GH-producing adenomas in CNC patients (30). However, we

found that 11 patients in our systematic review with thyroid

nodules did not manifest decreased TSH. The change in growth

hormone axis status is not completely similar to subclinical

hyperthyroidism in CNC patients, suggesting that their

pathogenic mechanism needs further study.

The PKA holoenzyme is a heterotetramer composed of two

regulatory subunits, each of which is bound to one catalytic

subunit (31). Indeed, despite the existence of four regulatory

subunits of PKA (PRKAR1A, PRKAR1B, PRKAR2A, and

PRKAR2B), both cloning and gene knockout studies have

demonstrated that PRKAR1A is critical for maintaining the

PKA response to cAMP by regulating free catalytic subunits,

especially in adrenocortical cells (32). More than 130 different

variants of the PRKAR1A gene have been described to date in

over 400 families of different ethnic origins with CNC (2). The

CNC gene located at 17q22-24 was identified in 2000 as the

tumor suppressor gene PRKAR1A encoding the regulatory

subunit type 1a of protein kinase A (33, 34). When gene

variants result in abnormal protein synthesis of regulatory

subunit type 1a, they can lead to altered activity of protein

kinase A, with consequently increased cell proliferation and

tumorigenesis (35). The variant site in our case was in exon 4,

and the variant sites in the other two subclinical

hyperthyroidism patients were located in the promoter and

exon 6. The variant sites and other components of CNC vary,

suggesting that there may be no hot spot variant. How

PRKAR1A gene variants cause subclinical hyperthyroidism

remains unclear. Elevated levels of TSH stimulating PKA

activity via the activation of adenylyl cyclase and the

production of cAMP are associated with the development of

thyroid cancer in humans (36). However, a mouse model of

elevated TSH signaling in a genetic wild-type background did

not develop thyroid cancer (37). Pringle, D. R. et al. observed

that thyroid-specific ablation of PRKAR1A, exhibiting low levels

of TSH, leads to hyperthyroidism and thyroid cancer and

speculated that TSH may be suppressed by activating

alternative pathways along with activated PKA that provide

negative feedback on cell growth. This hypothesis may explain

why mice with PKA activation develop FTC, while tumors

driven by elevated TSH do not develop cancers (6). Whether

the mechanism of PRKAR1A variant-induced low TSH levels in

CNC is the same as the PRKAR1A tumorigenic mechanism

needs further investigation.

Subclinical hyperthyroidism may be influenced by not only

excessive glucocorticoid suppression but also PRKAR1A gene

variants. It is well known that glucocorticoids at high levels, such

as those in Cushing’s syndrome, induce the suppression of TSH
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secretion (38). Bilateral adrenalectomy used to be considered the

treatment of choice for patients with overt Cushing’s syndrome

(39). The suppression of TSH is dissolved along with decreases

in the high cortisol level after adrenalectomy. Although there is

no mention of PRKAR1A gene variants, ACTH-independent

Cushing ’s syndrome results in postoperative adrenal

insufficiency with inappropriate secretion of TSH (high TSH)

after complete adrenalectomy (40). Similar to this study (15), our

patient after unilateral adrenalectomy showed decreases in high

cortisol levels and increased ACTH, but TSH of our patient was

still below the lower limit of normal reference values, suggesting

that preoperative subclinical hyperthyroidism may be mainly

caused by PRKAR1A gene variants, not by excessive

glucocorticoid suppression. Unfortunately, no study has

observed changes in TSH after bilateral adrenalectomy in

subclinical hyperthyroidism CNC patients caused by

PRKAR1A gene variants. This warrants confirmation that the

suppression of TSH is mainly caused by variants of the

PRKAR1A gene in a follow-up prospective observation.

Hyperthyroidism is a common endocrine dysfunction. The

prevalence of hyperthyroidism is 0.8% in Europe and 1.3% in the

USA general population (41). This study found that in CNC

patients, PRKAR1A gene variants led to a significantly higher

prevalence of subclinical hyperthyroidism than that in the

general population. Even so, subclinical hyperthyroidism in

this specific group may still be underestimated. 1. We found

that many patients who may suffer from hyperthyroidism were

excluded for different reasons, such as a history of pituitary or

thyroid surgery and thyroid diseases. For example, Hernandez-

Ramirez LC et al. (42) reported that a patient was diagnosed with

central hypothyroidism and corticotropinoma before the

subclinical hyperthyroidism diagnosis, and this patient was

excluded due to a history of pituitary surgery. In another

study (5), the diagnosis was thyrotoxicosis; however, Graves’

disease is mentioned in the following table, which makes us

suspect that thyrotoxicosis was caused by Graves’ disease. Due to

the lack of specific key thyroid function data, such as TSH and

TRAb, to identify the cause of thyrotoxicosis, we excluded this

patient after discussion. Piper, S. N. et al. (43) believed that

transient hyperthyroidism may have occurred in a patient with

CNC. We excluded this patient because the study was conducted

before 2001. The exclusion of patients who may have had

subclinical hyperthyroidism led to fewer thyroid function data

available for the final analysis. 2. Autopsy research reports show

that most CNC patients have pathological changes in the adrenal

glands and other organs, indicating that many patients with

abnormal findings that can only be diagnosed by

endocrinological tests have been overlooked (25). Other low-

incidence phenotypes of CNC may be temporari ly

asymptomatic (subclinical hyperthyroidism often has no

typical hypermetabolic symptoms of overt hyperthyroidism)

orinaccurate assessment of endocrine parameters (25), and
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many components can be tested only by endocrinology (such

as thyroid function abnormalities that could be diagnosed

through testing for thyroid function), causing these patients to

be ignored. 3. Due to incomplete penetrance at the time of

diagnosis and continued follow-up, subclinical hyperthyroidism

may gradually manifest. For example, J Aidan Carney et al. (5)

believed that thyroid disorder was a late-developing feature of

CNC, and that abnormal thyroid function may appear after

CNC diagnosis. Similar to this study (44), the accurate

prevalence of subclinical hyperthyroidism in CNC patients

with PRKAR1A in the real world should be investigated in a

multicenter prospective long-term follow-up study.

Our study has some limitations that lead to a deviation from

the real-world population prevalence of subclinical

hyperthyroidism. 1. Due to the retrospective nature of the

study, insufficient thyroid function data reduced the

robustness of the results. 2. Even if thyroid function is

checked, there are still qualitative data described by words

such as “normal” and “euthyroid”. We did not contact the

researchers to ask for patients’ concrete TSH and FT4 levels,

so they could not be included in the meta-analysis, which

weakened the performance of the results. 3. Studies for which

the full text was not available were not included in the analysis,

and there may be a bias that affects the performance of the

results. Further prospective studies with a large number of

patients are needed to confirm our findings.

In conclusion, the results of our systematic review showed

that the prevalence of subclinical hyperthyroidism in CNC

patients with PRKAR1A gene variants is higher than that in

the normal population. To the best of our knowledge, this is the

first discovery that PRKAR1A gene variants may be related to

subclinical hyperthyroidism, and our results also suggest that

subclinical hyperthyroidism may be a new component of CNC

patients with a PRKAR1A gene variant; however, confirmatory

prospective studies are needed.
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MD, Munárriz Alcuaz P. Acromegaly in a patient with carney’s complex.
Endocrinol Nutr (2013) 60(5):277–8. doi: 10.1016/j.endonu.2012.06.003

21. Briassoulis G, Kuburovic V, Xekouki P, Patronas N, Keil MF, Lyssikatos C,
et al. Recurrent left atrial myxomas in Carney complex: A genetic cause of multiple
strokes that can be prevented. J Stroke Cerebrovasc Dis (2012) 21(8):914.e1–8.
doi: 10.1016/j.jstrokecerebrovasdis.2012.01.006

22. Peck MC, Visser BC, Norton JA, Pasche L, Katznelson L. A novel PRKAR1A
mutation associated with primary pigmented nodular adrenocortical disease and
the Carney complex. Endocr Pract (2010) 16(2):198–204. doi: 10.4158/EP09245.OR

23. Courcoutsakis N, Patronas N, Filie AC, Carney JA, Moraitis A, Stratakis CA.
Ectopic thymus presenting as a thyroid nodule in a patient with the Carney
complex. Thyroid (2009) 19(3):293–6. doi: 10.1089/thy.2008.0404

24. Vandersteen A, Turnbull J, Jan W, Simpson J, Lucas S, Anderson D, et al.
Cutaneous signs are important in the diagnosis of the rare neoplasia syndrome
Carney complex. Eur J Pediatr (2009) 168(11):1401–4. doi: 10.1007/s00431-009-
0935-y

25. Sasaki A, Horikawa Y, Suwa T, Enya M, Kawachi S-i, Takeda J. Case report
of familial Carney complex due to novel frameshift mutation c.597del c
(p.Phe200LeufsX6) in PRKAR1A. Mol Genet Metab (2008) 95(3):182–7.
doi: 10.1016/j.ymgme.2008.07.009

26. Urban C, Weinhäusel A, Fritsch P, Sovinz P, Weinhandl G, Lackner H, et al.
Primary pigmented nodular adrenocortical disease (PPNAD) and pituitary
adenoma in a boy with sporadic carney complex due to a novel, de novo
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.951133/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.951133/full#supplementary-material
https://doi.org/10.1056/NEJMcp1709318
https://doi.org/10.1530/EJE-20-1120
https://doi.org/10.1210/jcem.86.9.7903
https://doi.org/10.1210/jcem.82.7.4079
https://doi.org/10.1210/jcem.82.7.4079
https://doi.org/10.1097/PAS.0000000000000975
https://doi.org/10.1097/PAS.0000000000000975
https://doi.org/10.1530/ERC-11-0306
https://doi.org/10.1097/XEB.0000000000000064
https://doi.org/10.1136/bcr-2020-239259
https://doi.org/10.3389/fendo.2020.00296
https://doi.org/10.1080/00207454.2020.1834393
https://doi.org/10.1016/j.carpath.2020.107231
https://doi.org/10.1159/000488761
https://doi.org/10.12659/AJCR.911962
https://doi.org/10.1097/MD.0000000000010247
https://doi.org/10.4103/0366-6999.220309
https://doi.org/10.14310/horm.2002.1627
https://doi.org/10.2169/internalmedicine.55.6605
https://doi.org/10.1016/j.cjca.2015.05.018
https://doi.org/10.3904/kjim.2015.30.5.730
https://doi.org/10.1016/j.endonu.2012.06.003
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.01.006
https://doi.org/10.4158/EP09245.OR
https://doi.org/10.1089/thy.2008.0404
https://doi.org/10.1007/s00431-009-0935-y
https://doi.org/10.1007/s00431-009-0935-y
https://doi.org/10.1016/j.ymgme.2008.07.009
https://doi.org/10.3389/fendo.2022.951133
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2022.951133
paternal PRKAR1A mutation (R96X). J Pediatr Endocrinol Metab (2007) 20
(2):247–52. doi: 10.1515/jpem.2007.20.2.247

27. Carrasco CA, Rojas-Salazar D, Chiorino R, Venega JC, Wohllk N. Melanotic
nonpsammomatous trigeminal schwannoma as the first manifestation of Carney
complex: Case report. Neurosurgery (2006) 59(6):E1334–5. doi: 10.1227/
01.NEU.0000245608.07570.D2

28. Donangelo I, Suh SY. Subclinical hyperthyroidism: When to consider
treatment. Am Fam Physician. (2017) 95(11):710–6.

29. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al.
American Thyroid association guidelines for diagnosis and management of
hyperthyroidism and other causes of thyrotoxicosis. Thyroid (2016) 26(10):1343–
421. doi: 10.1089/thy.2016.0229

30. Stergiopoulos SG, Abu-Asab MS, Tsokos M, Stratakis CA. Pituitary
pathology in Carney complex patients. Pituitary (2004) 7(2):73–82. doi: 10.1007/
s11102-005-5348-y

31. Bossis I, Stratakis CA. Minireview: PRKAR1A: Normal and abnormal
functions. Endocrinology (2004) 145(12):5452–8. doi: 10.1210/en.2004-0900

32. Amieux PS, McKnight GS. The essential role of RI alpha in the maintenance
of regulated PKA activity. Ann N Y Acad Sci (2002) 968:75–95. doi: 10.1111/j.1749-
6632.2002.tb04328.x

33. Casey M, Vaughan CJ, He J, Hatcher CJ, Winter JM, Weremowicz S, et al.
Mutations in the protein kinase a R1alpha regulatory subunit cause familial cardiac
myxomas and Carney complex. J Clin Invest (2000) 106(5):R31–8. doi: 10.1172/
JCI10841

34. Kirschner LS, Carney JA, Pack SD, Taymans SE, Giatzakis C, Cho YS, et al.
Mutations of the gene encoding the protein kinase a type I-alpha regulatory subunit
in patients with the Carney complex. Nat Genet (2000) 26(1):89–92. doi: 10.1038/
79238

35. Wilkes D, McDermott DA, Basson CT. Clinical phenotypes and molecular
genetic mechanisms of Carney complex. Lancet Oncol (2005) 6(7):501–8.
doi: 10.1016/S1470-2045(05)70244-8
Frontiers in Endocrinology 11
36. Pitsava G, Stratakis CA, Faucz FR. PRKAR1A and thyroid tumors. Cancers
(Basel) (2021) 13(15):3834. doi: 10.3390/cancers13153834

37. Brewer C, Yeager N, Di Cristofano A. Thyroid-stimulating hormone
initiated proliferative signals converge in vivo on the mTOR kinase without
activating AKT. Cancer Res (2007) 67(17):8002–6. doi: 10.1158/0008-5472.CAN-
07-2471

38. Bartalena L, Martino E, Petrini L, Velluzzi F, Loviselli A, Grasso L, et al. The
nocturnal serum thyrotropin surge is abolished in patients with adrenocorticotropin
(ACTH)-dependent or ACTH-independent cushing’s syndrome. J Clin Endocrinol
Metab (1991) 72(6):1195–9. doi: 10.1210/jcem-72-6-1195

39. Chevalier B, Vantyghem MC, Espiard S. Bilateral adrenal hyperplasia:
Pathogenesis and treatment. Biomedicines (2021) 9(10):1397. doi: 10.3390/
biomedicines9101397

40. Tamada D, Onodera T, Kitamura T, Yamamoto Y, Hayashi Y, Murata Y,
et al. Hyperthyroidism due to thyroid-stimulating hormone secretion after surgery
for cushing’s syndrome: A novel cause of the syndrome of inappropriate secretion
of thyroid-stimulating hormone. J Clin Endocrinol Metab (2013) 98(7):2656–62.
doi: 10.1210/jc.2013-2135

41. De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet (2016) 388:906–
18. doi: 10.1016/S0140-6736(16)00278-6

42. Hernandez-Ramirez LC, Tatsi C, Lodish MB, Faucz FR, Pankratz N,
Chittiboina P, et al. Corticotropinoma as a component of Carney complex. J
Endocr Soc (2017) 1(7):918–25. doi: 10.1210/js.2017-00231

43. Piper SN, MaleckWH, Triem JG, Isgro F, Kaufmann V, SaggauW. Myxoma
complex associated with transient hyperthyroidism: are diseases of the thyroid part
of the complex? Thorac Cardiovasc Surg (1997) 45(5):245–7. doi: 10.1055/s-2007-
1013736

44. Espiard S, Vantyghem MC, Assie G, Cardot-Bauters C, Raverot G, Brucker-
Davis F, et al. Frequency and incidence of Carney complex manifestations: A
prospective multicenter study with a three-year follow-up. J Clin Endocrinol Metab
(2020) 105(3):dgaa002. doi: 10.1210/clinem/dgaa002
frontiersin.org

https://doi.org/10.1515/jpem.2007.20.2.247
https://doi.org/10.1227/01.NEU.0000245608.07570.D2
https://doi.org/10.1227/01.NEU.0000245608.07570.D2
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1007/s11102-005-5348-y
https://doi.org/10.1007/s11102-005-5348-y
https://doi.org/10.1210/en.2004-0900
https://doi.org/10.1111/j.1749-6632.2002.tb04328.x
https://doi.org/10.1111/j.1749-6632.2002.tb04328.x
https://doi.org/10.1172/JCI10841
https://doi.org/10.1172/JCI10841
https://doi.org/10.1038/79238
https://doi.org/10.1038/79238
https://doi.org/10.1016/S1470-2045(05)70244-8
https://doi.org/10.3390/cancers13153834
https://doi.org/10.1158/0008-5472.CAN-07-2471
https://doi.org/10.1158/0008-5472.CAN-07-2471
https://doi.org/10.1210/jcem-72-6-1195
https://doi.org/10.3390/biomedicines9101397
https://doi.org/10.3390/biomedicines9101397
https://doi.org/10.1210/jc.2013-2135
https://doi.org/10.1016/S0140-6736(16)00278-6
https://doi.org/10.1210/js.2017-00231
https://doi.org/10.1055/s-2007-1013736
https://doi.org/10.1055/s-2007-1013736
https://doi.org/10.1210/clinem/dgaa002
https://doi.org/10.3389/fendo.2022.951133
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between subclinical hyperthyroidism and a PRKAR1A gene variant in Carney complex patients: A case report and systematic review
	Introduction
	Methods
	Study participant and registration
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Risk of bias assessment
	Strategy for data synthesis
	Research outcome

	Case presentation
	Results of the systematic review
	Study identification
	Study characteristics
	Thyroid function

	Discussion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


