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Multiple Endocrine Neoplasia Type 2:
A Case Report
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.G. is a 46-yr-old Hispanic male who
resented to Mount Sinai’s Emergency
epartment with a 2-d history of nau-
ea, nonbilious vomiting, watery diar-
hea, and midepigastric abdominal pain.
is past medical history included anxi-
ty and a long-standing seizure disor-
er. His outpatient medications
onsisted of two antiepileptics, neuron-
in and lamictal. He had no known drug
llergies, no tobacco or recreational
rug history, and drank alcohol only
ocially. He emigrated from Mexico in
he early 1980s and had a family history
otable for diabetes and early coronary
eart disease in both parents. In addi-
ion, H.G. reports that his father had a
oiter but is uncertain about the details
urrounding his thyroidal illness.

nitial vital signs revealed a tempera-
ure of 37.9, blood pressure of 150/90,
nd pulse of 90. The patient’s abdomen
as soft with normal bowel sounds and
o palpable masses. There was some
oluntary guarding with midepigastric
enderness to palpation, but the rest of
is exam was unremarkable. Initial labo-
atory data demonstrated a leukocyto-
is of 14,000 with no left shift. The rest
f his blood counts, chemistries, liver

unction tests, amylase, and lipase val-
es were all normal. An abdominal/
elvic computed tomography (CT) scan
Fig. 1A) was obtained in an attempt to
lucidate the etiology of the patient’s
ymptoms, and as a result, three large
drenal masses were discovered: 2.5 �

.5 cm on the left, 7.3 � 5.8 cm on the
ight, and an additional 4.7 � 4.1 cm

ass abutting the right adrenal gland. n

Visit the Internet home of the
t this point, an endocrinology consult
as obtained for what appeared to be
ilateral large adrenal incidentalomas.
pon further questioning, H.G. admitted

o having episodic “spells” for the past
0 yr consisting of sweats, palpitations,
allor, shortness of breath, chest tight-
ess, and a sensation of his head
queezing. These episodes would occur
wo to three times a week, last 3–4 h in
uration, and spontaneously resolve.
e could identify no specific trigger fac-

ors. Of note, as this history was being
btained, H.G. had one of his classic
pells with an associated dramatic ele-
ation in his blood pressure to 190s/
00s. Review of systems was also
otable for a 20-lb unintentional weight

oss over the past year, a several-year
istory of intermittent midepigastric
bdominal pain and watery diarrhea,
nd stable two- to three-pillow orthop-
ea.

urther examination revealed a firm,
alpable, nontender 2- � 2-cm right up-
er lobe thyroid nodule without any
ssociated lymphadenopathy. This find-
ng was subsequently confirmed by thy-
oid ultrasound (Fig. 1B). No mucosal
euromas, moon facies, buffalo hump,
bdominal striae, proximal muscle
eakness, thinning of the skin, abnor-
al reflexes, or abnormal hair growth
ere identified. Skin exam, however,
as remarkable for several café au lait

pots on his trunk.

dditional laboratory tests were or-
ered and returned as follows with ref-
rence ranges in parentheses: plasma

ormetanephrines 7125 (18–111 pg/ml),

Endocrine Fellows Foundation w
lasma metanephrines 2105 (12–60 pg/
l), 24-h urine metanephrines 23,900

110–1050 ng/dl), 24-h urine dopamine
90 (65–610 �g), 24-h urine epinephrine
96 (0–24 �g), 24-h urine norepineph-
ine 614 (0–140 �g), chromogranin A
bove 800 (0–160 ng/ml), calcitonin 194
0–8.4 pg/ml), PTH 128 (16–87 pg/ml),
orrected calcium 9.7 (8.5–11 mg/dl),
astrin 123 (0–115 pg/ml), pancreatic
olypeptide 530 (0–418 pg/ml). Serum
hyroid function tests, plasma aldoste-
one to renin ratio, random morning
ortisol, prostate-specific antigen, Ca
9-9, and carcinoembryonic antigen
ere all found to be normal.

iven the likely diagnosis of pheochro-
ocytoma based on clinical presenta-

ion, markedly elevated urine and
lasma neuroendocrine markers, and
drenal imaging, the patient was started
n twice daily phenoxybenzamine for
dequate �-blockade. After 3 d of oral
herapy, he was transferred to the in-
ensive care unit and given iv phentol-
mine, esmolol, and fluids for 24 h in
reparation for surgery the following
ay. He underwent a bilateral open
drenalectomy with adrenal cortical-
paring technique without complica-
ions, and both pathology (Fig. 1C) and
istology (Fig. 1, D–F) returned consis-
ent with bilateral pheochromocytomas.
.G. was discharged home on postoper-
tive d 4 with replacement doses of
oth prednisone and florinef. He was to

ollow up with outpatient endocrine and
ar, nose, and throat surgery for thy-
oid fine needle aspiration followed by
ikely total thyroidectomy, subtotal
continued on page 3
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LETTER FROM THE CHAIR
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nology Fellows to its ranks as well as those of you who are in
your second or third years of training. EFF is the only profes-
sional group dedicated solely to furthering the education and
training of fellows in endocrinology. We have always held that
training in endocrinology is ideally broad and deep and that

rograms that are training you are not always able to cover this waterfront completely. To
elp meet this challenge, the EFF provides venues that help you in your quest to receive the
ost complete training in endocrinology possible.

ur web site contains valuable educational materials such as streaming videos of preceptor-
hips and lectures given by eminent authorities in several disciplines. The scientific forums
hat are regularly held contribute to our mission, as do preceptorials in subspecialties and
esearch workshops. EndoTrends is also a valuable repository of information for you.

e are hopeful that our efforts will meet with your approval and that we will be able to con-
inue to provide first-rate experiences that complement those that you are gaining in your
wn program. We are always available to hear from you if you think there are additional
ays in which we can be helpful to you.

incerely,
ohn P. Bilezikian, M.D.
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arathyroidectomy, and genetic screen-
ng for both him and his family mem-
ers to identify a multiple endocrine
eoplasia (MEN) syndrome.

iscussion

EN type 2 (MEN2) is an autosomal
ominant syndrome with an incidence
f 1 in 30,000 worldwide. It is subclassi-
ed into three distinct syndromes:
EN2A, MEN2B, and familial medullary

hyroid cancer (FMTC). Over 75% of
ases are of the MEN2A variant consist-
ng of medullary thyroid cancer (MTC),
nilateral or more commonly bilateral
heochromocytomas, and hyperpara-
hyroidism due to parathyroid hyper-
lasia. MEN2A can also be associated
ith cutaneous lichen amyloidosis, a

are skin condition consisting of a pru-
itic, scaly, papular, pigmented rash
sually located on the extensor sur-

aces of the extremities or in the intra-
capular region.

pproximately 5% of cases are classi-
ed as MEN2B with medullary thyroid
ancer and pheochromocytomas but no
arathyroid involvement. MEN2B is as-
ociated with the most aggressive tu-

ors, often presenting earlier in life a

ndoTrends
ith increased morbidity and mortality.
oreover, it can also be associated
ith a distinctive phenotype such as a
arfinoid habitus with decreased upper

o lower body ratio, mucosal neuromas,
arious skeletal abnormalities, and in-
estinal ganglioneuromas resulting in
isturbances of colonic function.

MTC is the most limited variant of
EN2 with only medullary thyroid can-

er as its clinical presentation. Because
edullary thyroid cancers have a near

00% penetrance rate and are the first
anifestation of MEN2 in 40% of cases,

MTC is defined only by the presence
f more than 10 carriers in a family,
ith a large number of affected individ-
als over 50 yr of age. Because a misdi-
gnosis of FMTC can miss a potentially
atal pheochromocytoma, such rigorous
riteria are indeed necessary to ensure
iagnostic accuracy.

ver 98% of MEN2 patients have a
-RET proto-oncogene point mutation
n chromosome 10, making DNA test-
ng the gold standard for screening.
tudies have shown that the exact site
f this gain of function mutation pre-
icts both the variant of the disease

nd the aggressiveness of the tu-
ors, thereby demonstrating a high
enotype-phenotype correlation and
aving significant therapeutic implica-
ions. For example, individuals with a
utation located on codon 634 usu-

lly express pheochromocytomas by
he age of 10, whereas those with a
odon 768 mutation rarely develop
hem. Similarly, mutations found on
22 are associated with more aggres-
ive MTC than their counterparts on
odon 791, necessitating earlier thy-
oidectomies with more extensive
odal dissections.

ecause MTC is a life-threatening dis-
ase that can be cured or prevented by
arly thyroidectomy, genetic screening
f all appropriate patients and at-risk

amily members is absolutely essential.
nyone who presents at a young age
ith either medullary thyroid cancer or
heochromocytoma, as well as anyone
ho presents with involvement of two
ndocrine glands (MTC � pheochromo-
ytoma or MTC � hyperparathyroid-
sm) should be screened for MEN2.
nce a RET mutation has been identi-
ed, all blood relatives, especially chil-
ren, should undergo genetic
ounseling and testing. A list of U.S.-
continued on page 4
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continued from page 3
ased laboratories performing this RET
ene analysis can be found at http://
ww.genetests.org.

he hallmark of MEN2 therapy is surgi-
al resection of the tumors, and in the
ase of MTC, preferably before they
ven occur. If a pheochromocytoma is
dentified, it should be successively re-

oved first and foremost to prevent
eath from a catecholamine crisis. If
rimary hyperparathyroidism is con-
rmed, subtotal parathyroidectomy
hould be pursued in cases of symp-
omatic hypercalcemia, nephrolithiasis,

igure 1. A, Abdominal/pelvic CT scan; B, thyr
izarre nuclear feature with inclusion; E, hemo
ranular cytoplasm.
r bone disease. All cases of MTC
hould undergo a total thyroidectomy,
long with varying degrees of nodal dis-
ection. Although there is no universal
onsensus as to the timing of prophy-
actic thyroidectomy in carrier children,
he 2001 MEN consensus guidelines
tate that total thyroidectomy optimally
hould be performed in children be-
ween the ages of 4 and 6. Some ex-
erts in the field categorize RET
utations as high, intermediate, or low

isk depending on the site of the muta-
ion and argue that those children car-
ying the highest risk should undergo

ltrasound; C, the pathology; D, histology: large
ic background surrounding nests; F, basophilic
otal prophylactic thyroidectomies with
entral lymph node dissection within 6
onths of age.

n conclusion, although MEN2 is a rare
yndrome, it is a potentially lethal one,
aking early recognition and therapy

ssential. Commercially available DNA
esting has helped to identify asymp-
omatic carriers of the disease, guide
ppropriate therapeutic interventions,
nd thus dramatically reduce morbidity
nd mortality in this day and age.
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You CAN Judge a Book by Its Cover (A Case
of Factitious Cushing’s Syndrome)
Lauren G. Ficks, M.D.
Department of Endocrinology, Ventura County Medical Center (Affiliated with the UCLA
David Geffen School of Medicine), Ventura, California
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linical and biochemical presentation of
ndocrine disease is not always consis-
ent. It is therefore the responsibility of
he clinical endocrinologist to assess
he congruence or disparity of this in-
ormation to accurately diagnose and
reat (or not treat) “endocrinopathies.”

ase Presentation

.A. was a 45-yr-old woman who pre-
ented to a local hospital with a
-month history of facial swelling, gen-
ralized weakness, fatigue, frequent
alls, and “weight loss in her arms and
egs.” Six months before this admission
he had been diagnosed with a seizure
isorder after a witnessed tonic-clonic
eizure while she was working at a hos-
ital as a licensed vocational nurse
LVN). A head computed tomography
CT) scan and magnetic resonance im-
ging (MRI) were negative at that time.
wo months before this admission she
tarted noticing muscle weakness with
n inability to “get out of a chair” or
limb stairs. Her past medical history
as remarkable for a seizure disorder,
ypertension, carpal tunnel syndrome,
ajor depression, and chronic low back
ain. She had no history of diabetes
ellitus, kidney stones, or peptic ulcer
isease. Her social history was com-
lex. She had a history of substance
buse with alcohol and marijuana, al-
hough she was currently not smoking
r drinking. She denied iv drug use. She
as an unemployed LVN who was pre-
iously married to a plastic surgeon.
he was living with and taking care of
er seriously ill current husband and
utistic son. Her gynecologic history
as remarkable for regular periods in-
luding during the 6 months before ad-
ission.

er physical exam at the local hospital

as remarkable for an obese female h

ndoTrends
ith “moon facies,” buffalo hump, thin
xtremities with proximal muscle wast-
ng, facial plethora, thin skin, and multi-
le bruises. She was hypertensive with
blood pressure of 134/101, weight: 210

bs, height: 68�, body mass index: 31
g/m2. Because of her generalized fa-
igue and frequent falls, several studies
ere obtained. Head CT was unremark-
ble. MRI of the brain and pituitary
howed a 3-mm pituitary microad-
noma with no mass effect.

able 1 shows laboratory results after
he MRI findings.

he diagnosis at the outside hospital
made by an endocrinologist) based on
he labs listed above was “secondary
drenal insufficiency secondary to a
ituitary tumor.” The patient was
tarted on hydrocortisone 20 mg a.m.,
0 mg p.m., and hormone replacement
herapy. She was referred to another
nstitution for neurosurgical resection
f her 3-mm pituitary tumor.

ue to lack of insurance, the patient
ever saw a neurosurgeon. She came to
he Ventura County Medical Center
VCMC) Emergency Department 2 wk
fter discharge from the outside hospi-
al with the same symptoms as she
riginally presented with even on her
ew medications. She appeared overtly
ushingoid (Fig. 1A), and therefore her

Ta
Laboratory Results

WBC 18.3 (
Chemistry panel Norm
TSH 0.7 �I
FT4 0.98 n
FSH 1 mIV
LH 0.9 m
GH 0.17 n
IGF-I 125 n
Prolactin 11.8 n
Cortrosyn stimulation test (250 �g iv): See T
ydrocortisone and hormone replace-
ent therapy were discontinued. An
bdominal CT was unremarkable for
drenal pathology. The patient had
ever had headaches, blurry vision,
ausea, vomiting, abdominal pain, an-
rexia, or a change in her skin color.

iscussion

igure 1A is a photograph of the patient
-month after admission to VCMC. Her
linical exam and history were consis-
ent with Cushing’s syndrome (1),
hich completely contradicted the di-
gnosis from the outside hospital. Be-
ause of the incongruent clinical and
iochemical findings, the patient was
hought to have probable factitious
ushing’s syndrome (FCS), and the
-mm pituitary tumor was considered
n incidental finding with otherwise
ormal pituitary function (2, 3).

he patient was thought to have FCS
or many reasons. She had low ACTH
nd cortisol values (Table 2) with clini-
al signs of Cushing’s syndrome. She
ad no evidence of adrenal insuffi-
iency by symptoms or signs to other-
ise explain the lab data. She had a
ituitary tumor that was too small to
ause a suppressed ACTH and second-
ry adrenal insufficiency by mass effect.
he had no radiological evidence of pri-
ary causes of Cushing’s syndrome (no
acro/micronodular adrenal glands or

continued on page 6

1
the MRI Findings

, 4% L), H/H: 12/35
cose, LFT, calcium (albumin, 2.9 g/dl (3.5–4.8)
(0.47–6.2)

(0.75–2)
1–34)
(0.8–40)
(0.03–10)
(90–360)
(3–19)

2

ble
after

87% N
al glu
U/ml
g/dl
/ml (
IV/ml
g/ml
g/ml
g/ml
able
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continued from page 5
denoma). Finally, she had characteris-
ics of a patient with FCS (age 30–45,
emale, history of medical occupation
r contacts, psychiatric history, current
r previous drug abuse) (3).

igure 1. Facial photographs of patient: A, 1
onth after presentation; B, 1 yr after stopping

njections; and C, 3.5 yr after presentation.

Table 2
Cortrosyn Stimulation Test

Time Cortisol level

Baseline (0600) 0.4 �g/dl (a.m. �10)
(ACTH: 4 pg/ml (6–58)

30 min 6.6 �g/dl
60 min 9.5 �g/dl (�20 �g/dl)
he patient was confronted with the
ossibility of exogenous steroid use,
hich she adamantly denied. Due to
er delicate psychiatric status, I saw
er almost weekly in the outpatient en-
ocrine clinic. I repeatedly, yet gingerly,
iscussed exogenous steroid use and
he told me 1 month after discharge,
Where are the steroids coming from?
’m not taking any. I swear!” During this

onth, her blood had been sent to
ayo Medical Labs (4) to look for the

resence of nonanabolic synthetic ste-
oids in a test that is now called Syn-
hetic Glucocorticoid Screen in Serum
SGSS). Six weeks after discharge, the
atient returned to the hospital Emer-
ency Department with bilateral but-
ock abscesses requiring surgical
ebridement. The SGSS results came
ack positive for triamcinolone ace-
onide 3.4 �g/dl (� 0.3).

uring this hospitalization the patient
dmitted to self-injections with triam-
inolone acetonide in her buttocks for
an unknown period of time.” She had a
upply of the drug left over from when
er ex-husband used to give her injec-
ions occasionally for back pain. Table
gives a time line of the normalization

f her pituitary-adrenal function after
iscontinuing triamcinolone acetonide

njections. Triamcinolone acetonide has
n “unknown half-life” according to
pocrates 2007 and the PDR 2003. The
rug lasted for more than 6 months in
his particular patient. Figure 1B shows
he patient 1 yr after stopping injec-
ions. Figure 1C shows the patient 3.5

Ta
Time Line of Normalization

Date Triamcinolone acetonide

8-29-03 3.4 �g/dl (�0.03)
9-12-03 0.86
1-13-04 0.29
2-23-04 0.20
8-19-04 Negative
r after presentation. Although there
ave been several cases of factitious
ushing’s syndrome in the literature (2,
, 5–8), this appears to be the first case
econdary to self-injections of triamcin-
lone acetonide.

cknowledgments
he author wishes to acknowledge
ayer B. Davidson, M.D. for his years

f mentorship and review of this manu-
cript.
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The Second Annual Endocrine Fellows
Research Forum in Metabolic Bone Diseases
f
J
“
C
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he Endocrine Fellows Foundation, in
ooperation with The Endocrine Soci-
ty, presented its Second Annual En-
ocrine Fellows Research Forum in
ante Fe, NM, on August 1–2, 2007.
his program was part of the Osteo-
orosis Update Program of The Endo-
rine Society. This program was
esigned for a selected group of endo-
rinology fellows who are focusing
heir training in metabolic bone dis-

ases. The forum consisted of four F

ndoTrends
aculty giving plenary lectures: Dr.
ohn Bilezikian (Columbia University),
Primary Hyperparathyroidism: New
oncepts;” Dr. Deborah Sellmeyer
University of California, San Fran-
isco) “Nutritional Aspects of Skeletal
ealth and Disease;” Michael McClung

Director, Oregon Osteoporosis Cen-
er) “The Design of Clinical Trials:
romises and Pitfalls;” and Dr. Steven
arris (University of California, San

rancisco) “Paget’s Disease of Bone.”
The program is a unique one, in that all
of the fellows presented their own re-
search either in the format of an oral
abstract presentation or a poster view-
ing. This was a highly successful experi-
ence for fellows, many of whom were
given their first opportunity to present
their research in a public forum. We are
grateful to the following companies who
provided unrestricted educational
grants for this program: Amgen, Eli

Lilly, Merck, Novartis, NPS, and Roche.
ENDOCRINE FELLOWS FOUNDATION ANNOUNCES ITS
RESEARCH GRANT RECIPIENTS
FOR THE FALL CYCLE OF 2007

Derek LeRoith, M.D., Ph.D., Director, Grants Program

The Endocrine Fellows Foundations received 25 grant applications for the fall cycle. Awardees receive $7,500 to facilitate
their research. Applications were received covering projects on diabetes/obesity, bone, thyroid, lipids, pituitary, repro-
endocrinology, and pediatrics. The grants funded cover the fields of diabetes, bone, and pituitary.

Among the 36 experts who were asked to review these applications, the EFF received reviews from 98% of the participants.
The average grant received three separate reviews. Using an NIH-based priority system, many grants were very favorably
received. We are pleased to announce that four grants were approved for funding. The awardees are noted below:

Bismruta Misra, M.D.—Columbia University, College
of Physicians & Surgeons:
“Prevalence and Characterization of Normocalcemic
Hyperparathyroidism”
Program Director, John P. Bilezikian, M.D.

Judy Shih, M.D.—Joslin Diabetes Center:
“Exploring the Presence of a Novel Circulating
Pancreatic Islet Alpha-Cell Growth Factor”
Program Director, William Hsu, M.D.

John Ausiello, M.D.—Columbia University, College of
Physicians & Surgeons:
“Differential Effects of rhGH vs. rhIGF-1 Therapy on
Cardiovascular Risk Factors in Adult Patients with
Growth Hormone Deficiency”
Program Director, John P. Bilezikian, M.D.

Alison Sawyer, M.D.—University of New Mexico Health
Science Center:
“Postprandial Hyperglycemia and Oxidative Stress”
Program Director, Katherine Colleran, M.D.
7
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Thyroid Transcription Factor 2 Expression Is
Regulated by the Phosphoinositide 3-Kinase
Signaling Pathway in Thyroid Cancer and
Thyroid Cancer Cells Lines
Jordan Pinsker, M.D., Aneeta Patel, M.S., Andrew Bauer, M.D., and Vasyl Vasko, M.D., Ph.D.
Department of Pediatrics, Uniformed Services University of the Health Sciences, Bethesda, Maryland
T
p
p
s
a
i
i
l
a
(
p
t
t
t

B
t
s
v
c
r
p
w
p
(

M

I
m

W
p
r
a
s
o
w
S
a
M
(
t
s

T

N

w
m
T
r
P
B
l
W
a

T
A
c
a
i
N
f
c
S
b
a

C

A
R
c
c
d
t
i
a
fi
i
t

R

I
t
f
i
t
n
c
s
e
e

ntroduction

ocal invasion and metastasis are more
ommon in pediatric thyroid cancer
han in similar tumors in adult patients.
herefore, there is a critical need to
etermine the key pathways utilized by
hyroid cancer to invade and metasta-
ize to devise effective therapies for
hese patients.

ecent data suggest that the molecular
echanisms controlling invasion during

mbryological development could be
eactivated during cancer progression.
e hypothesized that the mechanisms

nvolved in regulation of thyroid gland
igration during embryogenesis could
e reactivated during thyroid cancer

nvasion.

he key molecular mechanisms control-
ing thyroid gland development and mi-
ration during embryogenesis involve
he interaction of thyroid transcription
actor (TTF)-2, in concert with TTF-1
nd the paired box homeoprotein (1).
TF-2 knockout mice either develop

hyroid remnants that remain in the
harynx or fail to develop a thyroid en-
irely (1). In the mouse, TTF-2 mRNA
egins to fall on embryonic d E13.0, im-
ediately before the rise in TTF-1, thy-

oglobulin, and sodium iodide
ymporter, suggesting that TTF-2 can
uppress thyroid-specific gene expres-
ion during migration of the primitive
hyroid (2).

TF-2 expression is regulated by insu-
in, IGF-I, and TSH (3, 4). Genes down-
tream of TTF-2 have been evaluated in
table TTF-2-expressing cell lines. TTF-2
nduces expression of genes belonging
o the retinol binding family of proteins,
GF� signaling pathway, apoptosis-
elated genes, and other genes with

argely unknown functions (5). A
he role for TTF-2 in thyroid cancers is
otentially complex (6–9). TTF-2 ex-
ression is low in normal thyroid tis-
ue, but increased in Graves’ disease
nd goiter (10). TTF-2 is also detected
n 55% of benign adenomas, 50% of pap-
llary thyroid carcinomas (PTC) and fol-
icular thyroid carcinomas, and is
bsent from anaplastic thyroid cancers
10). These studies did not indicate the
articular mutation status of examined
umors so that further delineation of
he relationships between TTF-2 and
hyroid cancer remain unclear.

ased on the central role of TTF-2 for
hyroid migration during embryogene-
is, we believe that TTF-2 could be in-
olved in the regulation of thyroid
ancer cell invasion. We explored the
elationship between TTF-2 and the
hosphoinositide (PI3-kinase)-AKT path-
ay, previously shown to play an im-
ortant role in thyroid cancer invasion
11–13).

aterials and Methods

mmunohistochemical Staining in Hu-
an Thyroid Tissue Samples

e examined thyroid tissue from 10
apillary thyroid carcinomas with cor-
esponding normal tissues, 5 follicular
denomas, and one Graves’ disease
ample. Immunohistochemical staining
n human thyroid tissue was performed
ith anti-phospho AKT antibody (Cell
ignaling, Beverly, MA) and anti-TTF 2
ntibodies (Abcam Inc., Cambridge,
A) using the universal vectastain kit

Vector, Burlingame, CA). Negative con-
rol was applied by omission of anti-
erum.

hyroid Cancer Cell Lines

PA (papillary), WRO (follicular), and

RO-81 (anaplastic) thyroid cancer cells
ere grown in RPMI medium supple-
ented with 10% fetal calf serum (FCS).
TF-2 mRNA expression in these thy-
oid cancer cells was examined by RT-
CR using specific primer (Maxim
iotech, Rockville, MD). TTF-2 protein

evel was assessed in these cells by
estern blot analysis with anti-TTF-2

ntibodies (Abcam Inc.).

o examine the role of the PI3-kinase-
KT pathway on TTF-2 expression,
ells were incubated with LY294002,
specific inhibitor of PI3-kinase. Us-

ng the Lipofectamin 2000 method,
PA cells were transiently trans-

ected with constitutively active AKT
onstruct (generous gift of Motoyasu
aji, Ohio State University, Colum-
us, OH). Empty vector was used as
control.

ells Migration Assays

total of 3 � 104 cells in 0.5% FCS
PMI medium were seeded in a Boyden
hamber (8-�m pore size). The bottom
hamber contained 10% FCS RPMI me-
ium. The gradient of FCS concentra-
ion between top and bottom chambers
nduced NPA cell migration. After 6, 12,
nd 24 h, cells on the membrane were
xed and subjected to Diff Quick stain-

ng or cells were collected for RNA ex-
raction.

esults

n all examined benign and malignant
hyroid tumors, TTF-2 expression was
ound to be higher than in correspond-
ng normal thyroid tissue (Fig. 1A). In
hyroid follicular adenomas (Fig. 1B),
uclear TTF-2 expression was increased
ompared with the normal thyroid tis-
ue. High levels of cytoplasmic TTF-2
xpression was found in 4 of 10
xamined PTC (Fig. 1C). PTCs with

continued on page 9
EndoTrends
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continued from page 8
RAF mutations and with RET/PTC3
earrange-ment showed decreased level
f TTF-2 staining compared with the
umors without mutation (Fig. 1, C and
). In the invasive front of thyroid can-
er the level of TTF-2 expression was
ecreased in comparison to cells lo-
ated in the central area of the tumor.
n inverse relation was observed be-

ween the level of AKT activation in
hyroid cancer detected by immunohis-
ochemistry and the level of TTF-2 ex-
ression. Invasive thyroid cancer
emonstrated high levels of AKT activa-
ion.

o explore the relationship between
hyroid cancer cell invasion and TTF-2
xpression we performed an in vitro
nvasion assay using NPA thyroid can-
er cells. In 12 h, almost 50% of cells
igrated through an 8-�m pore mem-
rane. We collected RNA from already
igrated and not yet migrated NPA

ells after 12 h of migration and estab-
ished the level of TTF-2 expression by
T-PCR. Similar to data observed in hu-
an thyroid cancers, not-yet-migrated

ancer cells showed high levels of
TF-2 expression whereas already mi-
rated cells showed low levels of TTF-2

igure 1. A, TTF-2 expression in normal thyro
apillary carcinoma without mutation; and
earrangement.
xpression. b

ndoTrends
o explore the mechanism regulating
TF-2 expression, we analyzed the role
f the PI3-kinase signaling pathway, pre-
iously reported to be primarily in-
olved in thyroid cancer cell migration.
n 0% FCS medium conditions, TTF-2
as expressed in NPA cells. Stimulation
ith 10% FCS medium resulted in down-

egulation of TTF-2 expression. Cell
reatment with LY294002, a PI3-kinase
nhibitor, prevented the FCS inducible
ownregulation of TTF-2 expression.
ell transfection with constitutively ac-

ive AKT resulted in AKT activation and
ecreased TTF-2 expression (Fig. 2)
onforming that the PI3-kinase-AKT sig-
aling pathway negatively regulates
TF-2 expression in thyroid cancer
ells.

iscussion

e hypothesized that TTF-2, a key reg-
lator involved in embryonic thyroid
land development and migration, may
e involved in thyroid carcinoma inva-
ion. Our study explored the relation-
hip between the PI3-kinase-AKT
ignaling pathway, a pathway known to
e involved in cancer invasion, and
TF-2 expression in thyroid cancer cells

sue; B, thyroid follicular adenoma; C, thyroid
yroid papillary carcinoma with RET/PTC 3
oth in vivo and in vitro.
n agreement with previously published
ata, we found high levels of TTF-2 ex-
ression in Graves’ disease and in thy-
oid adenomas. These diseases are
haracterized by increased levels of pro-
iferation, but not by invasion or the de-
elopment of metastasis. In support of
hese findings where TTF-2 may not be
ritical for invasion, we demonstrated
ecreased levels of TTF-2 expression in
he invasive front of the human thyroid
umors. Previous studies examining ana-
lastic thyroid cancer, characterized by
xtremely aggressive local invasion, also
howed complete loss of TTF-2 expres-
ion.

nalysis of the signaling pathways
nown to be critical in thyroid cancer
ell invasion showed that activation of
he PI3-kinase-AKT pathway resulted in
ecreased levels of TTF-2 expression.
his again supports our findings in hu-
an thyroid cancers that TTF-2 overex-
ression is not critical for thyroid
ancer invasion. Finally, as confirma-
ion, we evaluated nonmigrated and mi-
rated thyroid cancer cells for pattern
f TTF-2 expression and showed that
TF-2 expression is decreased in mi-
rating cancer cells.

onclusion

ogether, these data suggest the mecha-
ism by which the thyroid gland changes
osition during embryogenesis and the
echanism involved in thyroid cancer

ell invasion are different. The exact role
f TTF-2 expression in thyroid cancer

nvasion remains to be elucidated.

cknowledgments
his research was sponsored by a gen-
rous grant from the Endocrine Fellows
oundation. The opinions or assertions
ontained herein are the private views
f the authors and are not to be con-

continued on page 10

igure 2. TTF-2 expression in NPA cells in 0%
CS, in NPA cells transfected with empty vector,
nd in NPA cells transfected with constitutively
ctive AKT construct (cAKT).
id tis
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trued as official or to reflect the opin-
ons of the Uniformed Services Univer-
ity of the Health Sciences, the U.S.
rmy, or the Department of Defense.
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Preceptorial in Metabolic Bone Diseases,
College of Physicians & Surgeons,
Columbia University
he Endocrine Fellows Foundation was
leased to provide another successful
receptorship in Metabolic Bone Dis-
ases that was held May 14–25, 2007.
ith generous unrestricted grants from

he Alliance for Better Bone Health and
lso Abbott Pharmaceuticals, EFF was
ble again this year to provide a compre-
ensive and detailed course that covered
ssentially all elements of metabolic bone
iseases.

he topics covered included osteoporo-
is, hypercalcemia, hypocalcemia, Paget’s
isease, primary hyperparathyroidism,
econdary hyperparathyroidism, parathy-
oid cancer, osteoporosis in men, meta-
tatic bone disease, vitamin D, imaging of
he skeleton with conventional and new
igh resolution imaging technologies, his-
omorphometric analysis of bone biop-
ies, clinical research, osteoporosis after
ransplantation and in Asian-Americans.

ver 30 faculty participated in this
-week experience including guest fac-
lty from Brazil and Washington Univer-
elected to participate in this precepto-
ial came from the University of Arizona
n Phoenix, Winthrop University Hospi-

Left to right) Chenyi Lin, M.D.; Chhavi Agarwa
.D.; Wanda Lakey-Cook, M.D.; John P. Bilezikia
.D.; and Laura Knecht, M.D.
srael Medical Center, Columbia Univer-
ity Medical Center, University of Iowa
ospital, State University of New York/

.; Ramon Martinez, M.D.; Amal Shibli-Rahhal,
.D.; Karla Pou, M.D.; Lourdes Aguayo-Figuerora,
l, M.D
n, M
tony Brook, and Duke University.
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FALL PRECEPTORSHIP PROGRAM AWARDEES

The Endocrine Fellows Foundation is pleased to announce the awardees for the fall 2007
Preceptorship Program.

This program, which was instituted in 1999, has provided an opportunity for over 175 endocrine fellows to spend 2 weeks
with a mentor (and his/her faculty) and to be exposed to an extensive experience in a specific area of endocrinology. Dur-
ing this time, fellows participate in specialty clinics and are introduced to research approaches and techniques that are
particularly useful in the subspecialty area of endocrinology and metabolism.

Childrens Hospital Los Angeles
Los Angeles, California
November 5–16, 2007

Rebecca J. Brown, M.D.
National Institutes of Health
Bethesda, MD

Mimi Kim, M.D.
Brown University
Providence, RI

Anita M. Swamy, M.D.
University of Texas H.S.C.
San Antonio, TX

Bradley J. Van Sickle, M.D.
Vanderbilt Children’s Hospital
Nashville, TN

Eric Sherman, M.D.
Uniformed Services University of

The Health Science Center
Bethesda, MD
Contribute to EndoTrends . . .

Submit a patient case study, journal review, or research update to EndoTrends. It is an innovative, quarterly newsletter for endocrine fel-
lows sponsored by the Endocrine Fellows Foundation (EFF). In each issue, we seek to provide practical clinical information on a variety of
topics.

The Endocrine Fellows Foundation realizes that, as dedicated medical practitioners, our mentors and peers are our best resource for
growth and education. Endocrine Fellows are encouraged to submit ideas and/or articles for publication and will receive a $300 honorar-
ium for accepted material.

Articles should range from 800–1000 words or two to four typewritten pages. Exceptions for longer or shorter articles may be made based
on content. Submissions should include an original manuscript (including all applicable bibliographic references), a diskette containing
the article (Word 6.0 preferred, ACSII format also accepted), plus any accompanying photographs, charts, or graphs (graphic accompani-
ment to submitted articles is highly encouraged).

Figures should be submitted as TIFF or EPS files. Photoshop files are also acceptable. Please submit artwork at the size it should be
printed. See http://cjs.cadmus.com/da for additional information. Please provide a good quality hard copy for each figure submitted.
Please send figures on CD or disk rather than e-mail.

Please note: EFF reserves the right to edit the material as necessary to accommodate the available space. Your Mentor must review, ap-
prove, and sign off on your articles before you submit them to our office.

If you have a topic that you think would be of interest to our readers, please forward your submission to Marilyn Fishman, Executive Di-
rector, The Endocrine Fellows Foundation, 5959 W. Century Boulevard, Suite 550, Los Angeles, CA 90045. For questions, please call (877)
877-6515.
ndoTrends 11
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Second Annual Forum in Metabolic
Bone Diseases
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he Endocrine Fellows Foundation, in
o-sponsorship with the American Soci-
ty for Bone and Mineral Research, con-
ucted the Second Annual Fellows
orum in Metabolic Bone Diseases. This
orum was held at the time of the
merican Society for Bone and Mineral
esearch Annual Meeting in Honolulu,
I, on September 15, 2007. The idea of

his Forum is to provide fellows who
re training in endocrinology and other
pecialties focused on metabolic bone
iseases the opportunity to hear and

nteract with some of the world’s ex-
erts in metabolic bone diseases.
2

he program consisted of three ple-
ary lectures by Professors Clifford
osen (Genetics and Biology of Bone);
awrence Raisz (New Therapeutic
oncepts in Osteoporosis), and Ego
eeman (The Periosteum: Do Bone
ize and Shape Matter?). There were
ight breakout sessions; four focused
n clinical aspects of metabolic bone
iseases, and four focused on basic
one biology. The leaders of the basic
one biology breakout sessions were
rs. Mary Bouxsein (Assessment of
one Quality: New Technologies);
ane Lian (Osteoblast Biology and An-
bolic Mechanisms); Lynda Bonewald
The Osteocyte); and Stavroula Koust-
ni (Biochemical Pathways of Bone
ells that Lead to Bone Build Up and
one Breakdown). The clinical break-
ut sessions were led by Drs. Robert
eaney (Calcium and Vitamin D as Nu-

rients and Nutriceuticals); Stuart
ilverman (Quantitative Risk Assess-
ent: The Future of Therapeutic Deci-

ion-Making); Michael McClung
Clinical Trials: What Have We
earned from Them; How Will They be
onducted in the Future); and John

continued on page 13
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continued from page 12

ilezikian (Primary Hyperparathyroid-

sm: New Concepts and New Ap-
roaches for 2007). There were over
10 applicants from both the United
tates and abroad. Of the 67 applicants
elected, 35 presented posters that

ompleted the very successful day. m

-h plasma glucose but not fasting glu-
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ndoTrends
his Forum has made it possible for the
ellows not only to learn from and inter-
ct with these world experts but also to
ttend the Annual Meeting of the Ameri-
an Society for Bone and Mineral Re-
earch, one of the most important

eetings of the year for clinicians and N

evels. The HA/HI exercise is equivalent
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nvestigators in their field. This pro-
ram was made possible by unre-
tricted educational grants from Amgen,
erck, the Alliance for Better Bone
ealth (Procter & Gamble/sanofi-
ventis), Eli Lilly, GlaxoSmithKline, and

ovartis.
HYSICAL THERAPY AND NUTRITION NEWS
Benefits of Physical Activity for Overweight
and Obese Individuals
Karen Kemmis, PT, DPT, MS, CDE
Physical Therapist/Exercise Physiologist/Certified Diabetes Educator, Joslin Diabetes Center &
University Endocrinologists and Physical Medicine & Rehabilitation at SUNY Upstate Medical
University, Syracuse, New York
ntroduction

xercise presents several benefits and
hallenges for the overweight or obese
erson. Many exercise with the primary
oal of weight loss, and most are disap-
ointed with the results. Physical activ-

ty (PA) is often very difficult for obese
eople, and healthcare professionals
re frequently questioned about the
enefits, which need to outweigh the
osts to make it worthwhile for an
ndividual. This article will review
he cardiometabolic benefits, recom-
endations, and barriers of PA for

verweight and obese individuals.

revention and Treatment of
ype 2 Diabetes

A is an effective component for the
revention and treatment of type 2 dia-
etes. In the Diabetes Prevention Pro-
ram, the lifestyle intervention group
as given a goal of completing at least
50 min/wk of moderately paced PA
ombined with a modest calorie-
estricted diet to achieve a 7% weight
oss. As a result of the lifestyle inter-
ention, there was a reduction in onset
f type 2 diabetes by 58% compared
ith the control group (1). In older,
verweight women without diabetes,
igh-intensity (HI) exercise is more ben-
ficial for glucose utilization than
oderate- or low-intensity exercise. In
en and women without diabetes, ac-

ivity level is inversely associated with
ose (2), and overweight active people
ave similar insulin sensitivity and glu-
ose levels to lean inactive people (3).
he risk of developing diabetes is in-
reased in those with a high body mass
ndex (BMI), high waist circumference,
nd low activity levels (4). In those with
iabetes, aerobic exercise and resis-
ance training (RT) improve glycemic
ontrol, even with no change in body
ass or body fat (5).

erobic Fitness

ardiorespiratory fitness is improved
ith exercise in those with type 2 dia-
etes. A meta-analysis of randomized,
ontrolled trials (RCTs) of aerobic exer-
ise in those with diabetes shows an
ncrease in maximal oxygen uptake
VO2max) with 3.4 sessions/wk, 50 min/
ession, at 50–75% VO2max. HI exercise
roduces greater improvements in
O2max and glycemic control than higher
olumes of exercise (6).

yslipidemia

n general, exercise has not been shown
o produce substantial changes in cho-
esterol (7, 8). However, when compar-
ng combinations of high to low
mounts of exercise and high- to low-
ntensity exercise, there is evidence
hat high-amount (HA)/HI exercise can
ncrease high-density lipoproteins, de-
rease some subfractions of low-density
ipoproteins, and decrease triglyceride
o jogging 20 miles/wk at 65–80%
O2max (9).

ypertension

igh blood pressure (BP) can be im-
roved with aerobic exercise. A meta-
nalysis of RCTs determined that
ystolic and diastolic BP was lowered in
ormotensive and hypertensive, and in
ormal and overweight individuals,
ven without change in body weight.
lood pressure changes with exercise
ere modest, with a decrease of 3–5
m Hg for systolic blood pressure

SBP) and 2–3 mm Hg for diastolic
lood pressure (DBP) (10). In a system-
tic review, SBP was reduced more with
iet than exercise, and the addition of
xercise to diet did not produce signifi-
ant improvements in SBP. Exercise re-
uced DBP modestly (2 mm Hg). When
omparing diet to exercise, there was a
linically significant decrease in DBP
ith no difference between interven-

ions (8).

orbidity and Mortality

ardiovascular morbidity and mortality
re positively affected by increased PA.
n the Nurses’ Health Study, the risk of
ardiovascular disease (CVD) decreased
s levels of moderate and vigorous ac-
ivity increased. The women who were
ctive more than 2 h/wk had twice the
isk of CVD compared with those who
ere active more than 4 h/wk (11).
continued on page 14
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continued from page 13
ortality in men with type 2 diabetes is
ncreased in those who are inactive. In
he Aerobics Center Longitudinal Study
ACLS), those who were classified as
ow fit and physically inactive were
wice as likely to die compared with
ore fit and active individuals (12). The
en who were in the low-fit category
ad a higher BMI. Once adjusted for
tness, there was no significant trend
or mortality across BMI categories,
ith risk of mortality related to fitness

n normal, overweight, and obese indi-
iduals. The authors suggested encour-
ging increased activity to improve
tness and decrease mortality even
ithout the expectation of weight

oss (13).

eight Loss

osing weight is often the primary rea-
on for an overweight person to begin
n exercise program, and many are dis-
ppointed when they have put time and
ffort into exercise, with little change in
eight. Shaw et al. (8) performed a sys-

ematic review of RCTs of exercise for
verweight and obese individuals.
hen comparing diet and exercise to

iet alone, there was a reduction in
eight with the combination of 1.1 kg
ver diet alone. BMI changes are im-
roved with the addition of exercise to
iet but the benefit is small (0.4 kg/m2).
I exercise was more beneficial for
eight loss compared with lower inten-

ity exercise. Cardiometabolic benefits
f exercise were present without
hanges in weight. When an individual
as lost a substantial amount of weight,
xercise has been shown to be an im-
ortant component for maintenance.

Pain Choose the best
stationary bic
training).

Lack of time Prioritize activit
day (10–15 mi
take extra step

Lack of motivation Provide the pati
resources, an
person. Encou

Discomfort (skin chafing
and irritation, muscle
soreness, discomfort
around others, etc.)

Choose an appro
prescription d
gender).

Boredom Use music, audio
routine.
he most successful maintenance is a

4

een in those who combine diet with
xercise and are highly active (14). The
mount of activity needed to sustain
eight loss is 80 min/d of moderate or
5 min/d of vigorous activity added to a
reviously sedentary lifestyle (15). To
revent the transition from overweight
o obese, activity for 45–60 min/d is
ecessary (16).

esistance Training

istorically, aerobic exercise has been
he primary form of exercise studied
nd promoted, especially for obese in-
ividuals. More recently, RT has been
hown to provide positive cardiometa-
olic changes. Many overweight have
ifficulty performing aerobic exercise
ecause of painful conditions and other
hallenges, but RT provides an alterna-
ive. Two RCTs of RT in older, over-
eight, sedentary people with type 2
iabetes have shown benefits including

mproved A1c, decreased diabetes med-
cation, increased strength and lean
ody mass (LBM), decreased trunk and

at mass, and BP, without improved lip-
ds (17, 18). Comparing diet with RT to
iet alone, weight loss is equal. The ad-
ition of RT allowed preservation of
BM during weight loss, which allows
aintenance of weight loss (18).

it and Fat or Fit vs. Fat

xercise and PA improve many cardio-
etabolic parameters in overweight,
ithout weight loss. Though modest,

he improvements in BP, lipids, and gly-
emic control combine to benefit the
verweight person. This has lead to
upport of the notion of “fat and fit”

Table 1
Barriers to Exercise and Possible Solutions

ity (i.e. for low back and lower extremity pain, c
elliptical trainer, glider, recumbent stepper, wate

include exercise. Put it into the daily/weekly sc
times/d). Add steps throughout the day and tra

. stairs rather than elevators, park further away
ith a specific exercise prescription and an expla
ise log, choose a suitable activity. Have the pers
exercise early in the day when possible. Set spe
e exercise (see above). Suggest proper clothing
rant if needed. Suggest joining a program with si

ks, television. Exercise with others. Encourage v
nd the suggestion that weight loss
ay not be important if a person is car-
iometabolically fit. However, there are
ther considerations regarding the im-
ortance of weight loss in the obese.
irst, many cardiometabolic benefits
ccur through weight loss, supporting a
alorie-restricted diet combined with an
ncrease in PA to promote the greatest
enefit. Secondly, the incidence of os-
eoarthritis (OA) is increased in over-
eight and obese individuals. When
omparing the incidence of OA across
MI categories, those with a higher BMI
re 6 times more likely to have unilat-
ral, and 18 times more likely to have
ilateral knee OA than those with a

ower BMI (19). Obesity is a risk for the
rogression from unilateral to bilateral
A of the knee (20). People who are
verweight in their younger years in-
rease the risk of OA later in life (21).
he symptoms of OA, which can se-
erely restrict exercise and PA, de-
rease by over 50% with even small
ecreases in BMI (�2 kg/m2) (22).
herefore, even though cardiovascular
enefits occur through exercise without
eight loss, the prevention of painful,
ctivity-limiting OA can allow increased
ctivity throughout a person’s lifetime.
eight loss should be encouraged at

he earliest age possible.

urrent Recommendations for
A (23)
● For diabetes prevention, �150
in/wk PA with diet-induced weight loss

f 5–7% body weight.
● For glycemic control, weight main-

enance and reduced risk of CVD for
hose with type 2 diabetes, �150
in/wk moderate-intensity and/or �90

e an activity with less weight bearing such as
rcise and swimming, and/or resistance

e. Do shorter bouts of exercise through the
ith a pedometer. Look for opportunities to

of the importance. Provide community
nd an exercise partner and/or support
oals.
kin lubricant to decrease skin irritation, and
people (i.e. size, age, fitness abilities, and

on in types of exercise to break up the
activ hoos
ycle, r exe

ies to hedul
n, 2–3 ck w
s (i.e ).

ent w nation
exerc on fi
rage cific g
priat and s
eodo milar

boo ariati
continued on page 15
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continued from page 14

in/wk vigorous aerobic PA, at least 3
/wk with no more than a consecutive
d without PA.
● For type 2 diabetes, in the absence of

ontraindications, resistance training, 3
imes/wk, all major muscle groups, three
ets of 8–10 repetitions, with a weight
hat cannot be moved greater than 8–10
imes.

● For weight loss maintenance, 7 h/wk
oderate or vigorous aerobic PA.

arriers to Exercise for
verweight and Obese

ndividuals

here are many barriers to exercise for
ll and even more for those who are
verweight. Some barriers and possible
olutions are provided in Table 1.

A and exercise provide many cardio-
etabolic benefits for the obese indi-

idual. However, weight loss through
xercise alone is minimal. Prescribing
he best exercise combined with diet,
nd explaining the likely results, may
mprove long-term success.
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EMPLOYMENT OPPORTUNITY

Single practicing physician (Endocrinologist) looking for associate doctor—full-time—in
Beverly Hills, California, Office. Large practice. Salary is commensurate with time of
postgraduate training. Please fax bios to: (310) 657-1017. For information: please call
(310) 657-1780.
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