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ABSTRACT
Despite extensive
studies,
the issue of whether
hCG possesses intrinsic thyrotropic
activity
remains unresolved.
This is mainly because
in the experimental
systems used so far, the parameters
measured
did
not include the thyroid-specific
functions
of iodine organification
and
the hormonal
end-point
response, TS secretion,
and cells of nonhuman
origin were employed,
constituting
a major drawback
in view of the
wide variation
in sensitivity
of thyroid
responsiveness
to hCG in
different
species. We investigated
the thyrotropic
activity
of hCG,
using for this purpose
a novel homologous
assay system consisting
of
human thyroid
follicles
cultured
suspended
in collagen
gel in serumfree medium.
Under these conditions,
the cells are organized
as follicular three-dimensional
structures
with
normal
polarity,
enabling
enhanced
responsiveness
to hormonal
stimulation.
The parameters
measured
were the thyroid-specific
functions
of iodide uptake,
organification,
and T3 secretion,
as well as formation
of the second messenger,
CAMP.
Purified
hCG (biological
potency,
21,700 IU/mg;
with no detectable TSH by immunoradiometric
TSH assay) did indeed exhibit
thyroid
stimulatory
activity.
At doses ranging from lo-400
mg/L, hCG

HETHER hCG possessesintrinsic stimulatory activity
for the human thyroid has been controversial. On the
one hand, the concept that hCG can express thyrotropic
activity is supported by numerous clinical and experimental
observations (reviewed in Refs. 1 and 2). Both biochemical
and clinically overt hyperthyroidism have been observed in
patients with trophoblastic tumors that secretelarge amounts
of hCG. Moreover, numerous studies have demonstrated
that purified hCG stimulates CAMP generation and iodide
uptake by animal thyroid cells. On the other hand, several
workers have judged hCG to be a negligible human thyroid
stimulator becauseit has little or no measurable stimulating
effect on adenylate cyclase in human thyroid membranes (3)
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induced a dose-dependent
increase
in the parameters
measured.
The
rise from basal to maximal
levels achieved
after hCG stimulation
was
1.3 to 3.6 pmol/well
for CAMP
formation,
34 to 21,408 cpm/well
for
iodide uptake,
261 to 20,167 cpm/well
for iodide organification,
and 40
to 927 fmol/well
for TS secretion.
Maximal
levels elicited by hCG (200
mg/L) relative to maximal
values achieved with bovine TSH were 49%,
56%. and 42% for iodide uptake,
organification,
and T, secretion,
respectively,
and only 5% for CAMP.
Iodide uptake
proved to be the
most sensitive
indicator
of the thyrotropic
activity
of hCG, with increases occurring
at a concentration
of 10 mg/L. Acting
as a partial
agonist,
hCG was also capable of dose-dependently
inhibiting
TSHstimulated
CAMP
formation.
The free (Y- and /3- subunits
of hCG, at
doses as high as 200 mg/L, had no thyroid-stimulating
effect.
The present
data thus clearly demonstrate
that hCG is a human
thyroid
stimulator.
Moreover,
hCG managed
to elicit substantial
biological cell responses
in human
thyrocytes
while evoking
minimal
amounts
of CAMP,
illustrating
the concept
of CAMP superfluity
and
highlighting
the potential
pitfalls
of using CAMP as a reliable measure
of hormonal
bioactivity.
(J Clin Erufocrinol
Metab 79: 595-599,
1994)

or human monolayer cell culture systems (4). It would appear, therefore, that despite extensive studies, the issue of
whether hCG possessesintrinsic thyrotropic activity in humans remains unresolved.
The experimental systems used so far to examine the
human thyroid-stimulating activity of hCG have had their
limitations. First of all, the parameters measured in previous
human systems have included neither thyroid-specific functions, such as iodine organification, nor a hormonal endpoint response, e.g. T3 secretion. Second, as the magnitude
of the thyroid responseto a given stimulator, including hCG,
varies greatly in different species(4-7), it is obviously desirable that assessmentof the human thyroid-stimulating activity of hCG be conducted in an assaysystem that useshuman
thyroid tissue; however, this has not always been the case.
To circumvent these limitations, we have examined the human thyroid-stimulating activity of hCG using our novel
homologous assay system, consisting of human thyrocytes
cultured suspended in collagen gel in serum-free medium
(8). Under these conditions, the cells become organized as
follicular three-dimensional structures with normal cell polarity. Most importantly, cultured in this manner, human
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thyrocytes exhibit enhanced responsiveness to TSH. Furthermore, multiple critical steps involved in thyroid hormone
biosynthesis can be readily assessed: iodide uptake, organification, and TJ secretion, as well as formation of the second
messenger, CAMP.
Materials

ET AL.
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and Methods

Cell culture
The method
of preparation
of human
thyroid
follicles
has been
previously
described in detail (8). Essentially,
the method consists of the
following
steps: 1) preparation
of human
thyroid
cells in monolayer
culture from colloid goiter tissue obtained at thyroidectomy
from nodular
goiter patients,
2) trypsinization
and storage of the cells preserved
in
liquid nitrogen,
3) aggregation
of thawed cells on agarose-coated
dishes,
4) suspension
of cell aggregates
in collagen, 5) plating of one 20-fiL drop
(containing
200 x 10’ cells) of the collagen suspension
per well in 24well microtiter
plates, 6) gelling of the collagen
suspension
in an incubator at 37 C for 15-30 min, and 7) addition
of 0.5 mL serum-free
medium
and antibiotics
in the presence and absence of the agent(s) to
be tested and culture at 37 C in an atmosphere
of 5% C02-95%
air in a
water-saturated
incubator.
For Ts measurements,
KI (0.1 pmol/L)
was
also added to the medium;
for CAMP measurements,
I-methyl-3-isobutylxanthine
(0.1 mmol/L)
was added to the medium.
At the end of the culture period,
T) and CAMP secreted into the
medium (the concentrations
remaining
in the cells were negligible)
were
measured
by RIA, as described
previously
(8). [‘251]Iodide
uptake
and
[iz51]iodine
organification
were determined
as described
previously
(8).
Each experiment
was repeated
at least three times, using cell preparations obtained
from separate patients,
with good agreement
between
the results of individual
experiments.
The data shown are those from a
representative
experiment.
Statistical
analysis of the data was performed
using Student’s
t test; P < 0.05 was considered
significant.

lodlne

Organltloatlon

Mated&
Highly
purified
hCG was prepared
as described
previously
(9). The
biological
potency
of the purified
preparation
was 21,700 IU/mg,
using
CR 123-hCG
(12,780
IU/mg)
as the reference
preparation
in the rat
Leydig cell testosterone
bioassay.
The hCG preparation
was tested for
possible TSH contamination
by the TSH MAIA-clone
Serono kit (Serono,
Milan, Italy). At a concentration
of 200 mg/L, there was no detectable
TSH in the hCG preparation.
The sensitivity
of the TSH assay was less
than 0.1 mu/L.
Highly
purified
(Y- and @-subunits
of hCG (batch CR
119, from the Center
for Population
Research.
NICHHD,
NIH)
had
interstitial
cell-stimulating
activities of 14.5 and 5.2 IU/mg,
respectively,
relative to the Second International
Standard
of hCG. Bovine (b) TSH
(containing
LH, l-3%;
FSH, <I%;
GH, <I%;
PRL, Cl%;
ACTH,
<0.05%)
was obtained
from Sigma Chemical
Co. (St. Louis, MO). All of
the materials needed for the cell culture and measurements
of TJ, CAMP,
[1251]iodide uptake,
and organification
were obtained
as described
previously (8).

Results
Human thyrocytes cultured in collagen responded to increasing doses of hCG or bTSH with elevations in CAMP
formation, iodide uptake, iodine organification, and T3 secretion (Fig. 1 and Table 1). A dose-dependent response was
observed for all of the parameters tested, including hCGstimulated CAMP, which rose from a basal level of 1.3 to 2.3
pmol/well (P < 0.01) with 50 mg/L hCG and to 3.6 pmol/
well with 200 mg/L hCG. The most sensitive parameter of
the thyroid-stimulating
activity of hCG was observed with
iodide uptake (Table 1). The free (Y- and P-subunits of hCG,
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FIG. 1. Thyroid-stimulating
activity
of highly purified
hCG in human
thyrocytes
cultured
in collagen. After incubation
with various concentrations
of hCG for 7 days, formation
of CAMP, iodide uptake, organification,
and Ta secretion
were measured.
Each point represents
the
mean f SE of triplicate
culture wells.

at doses as high as 200 mg/L, had no stimulatory effect on
any of the parameters (data not shown).
The maximal responses elicited by hCG differed from
those caused by TSH (Fig. 2). This was especially evident
with respect to CAMP formation; the maximal stimulation of
CAMP by hCG was 5% of the maximal induced by TSH. In
contrast, the maximal stimulations of iodide uptake, organification, and T3 secretion were 49%, 56%, and 42%, respectively, of the maximal elicited by TSH. hCG exerted a dose-
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TABLE
1. Responses
the lowest concentrations

of human
of hCG

CAMP
(pmol/well)
Basal
hCG (10 mg/L)
hCG (50 mg/L)

1.3 + 0.1
1.5 + 0.2
2.3 + 0.2”

‘9

thyrocytes
cultured
used in this study

in collagen

Tz IN HUMAN

THYROCYTES
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to

uptake (cpm
x 103/well)

34.2 + 2
838 f 270”
1552 + 128

261 + 14
280 + 20
1510 f 112”

40 f 3
42 + 2
310 + 8”

Values are the mean + SE.
’ P < 0.01 compared
to basal.

FIG. 3. Inhibition
of TSH-stimulated
CAMP by hCG. Human
thyrocytes cultured
in collagen were exposed to bTSH alone (50 mu/L)
or
with a submaximal
concentration
of bTSH (50 mu/L)
together
with
various hCG concentrations
for 7 days. Each point represents
the mean
+ SE of triplicate
culture
wells. t, P < 0.01 compared
to bTSH
alone
(i.e. 100%).
”

cAMP
Formation

Iodide
Uptake

Iodine
Organification

T3 Secretion

FIG. 2. Maximal
levels of CAMP formation,
iodide uptake,
organification, and T3 secretion
elicited
by hCG (200 mg/L),
expressed
as a
percentage
of the maximal
levels achieved
with bTSH
(100 mU/L
for
iodide uptake,
organification,
and T, secretion
and 1000 mU/L
for
CAMP
formation)
after exposure
of human
thyrocytes
cultured
in
collagen to hCG or bTSH for 7 days. The maximum
responses
of the
various
dose-response
curves were obtained
using the computer
program Allfit
(10). Each bar represents
the mean f SE. t, P < 0.01
compared
to bTSH maximum
(i.e. 100%).

dependent
(Fig. 3).

inhibition

of TSH-stimulated

CAMP formation

Discussion

The present data clearly demonstrate that hCG is a human
thyroid stimulator. A highly purified preparation of hCG
dose dependently stimulated T3 secretion, iodide uptake,
organification, and CAMP formation in human thyrocytes
cultured in collagen. The experimental thyroid system used
has several advantages compared to those previously employed to addressthe issueof whether hCG possesses
intrinsic human thyroid-stimulating activity. With this system, it
is possible to measure a range of parameters that span the
complete thyroid hormone biosynthetic pathway: CAMP formation, iodide uptake, iodine organification, and T3 secretion. A second advantage is the use of thyrocytes of human
origin, which assumesgreat importance in view of the reported wide spectrum of sensitivity of thyroid responsiveness
to hCG in different species(4-7). A third advantage is the
use of serum-free medium, which 1) allows enhanced cell
responsivenessto hormone stimulation (S), 2) avoids reversal
in cell polarity (11, 12), 3) eliminates factors present in serum
that can affect cell function and thus obscure cell responsiveness to test agents (13), and 4) avoids batch to batch
variability in serum composition (14). A final advantage is

the improved functional responsesachieved by culturing on
collagen, which enables thyrocytes to be organized in follicular structure rather than in monolayer (8).
Our finding that hCG elicits a minute CAMP response
from human thyrocytes confirms similar findings reported in
a number of previous studies (reviewed in Refs. 1 and 2).
This characteristic of the thyroid-stimulating activity intrinsic
to hCG has been the basis of the controversy over whether
hCG is a biologically important human thyroid stimulator (1,
2, 7). The present observations seem to resolve this controversy. hCG stimulated iodide uptake, iodine organification,
and T3 secretion to levels approximately 50% as high as the
maximal levels stimulated with TSH, but it stimulated CAMP
formation only 5% compared to the effect of TSH. Thus,
although hCG marginally stimulated CAMP formation, it
markedly enhanced post-CAMP stepsin the thyroid hormone
biosynthetic pathway.
That hCG is able to elicit substantial biological cell responses in thyrocytes while evoking minimal amounts of
CAMP could imply that the hormone is acting through a
non-CAMP intracellular signal system or could be another
manifestation of CAMP superfluity that typifies glycoprotein
hormone signal transduction systems (15). Indeed, this phenomenon of high cell secretory responses achieved in response to a minute fraction of the CAMP that the cell is
capable of producing has been previously demonstrated in
thyroid, luteal, Leydig, and Sertoli cellswith the whole family
of glycoprotein hormones, including TSH, LH, hCG, and
FSH (15-18). The present study extends this concept to
human thyrocytes cultured in collagen and highlights the
potential pitfalls of using CAMP as a reliable measure of
hormonal bioactivity.
By stimulation with hCG Chinese hamster ovary cells
transfected with the human TSH receptor, a mechanism for
the thyrotropic activity of hCG was recently demonstrated
to involve its direct interaction with the TSH receptor (19,
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20), probably as a consequence of the known homology
between the hCG and TSH molecules as well as between
their respective receptors (21, 22). These observations are
consistent with the data from the present study, in which
hCG was found, as also noted by others (3, 23), to inhibit
TSH-stimulated
CAMP. Such inhibition would be expected
of a partial agonist on CAMP formation, which works via the
TSH receptor to modulate CAMP formation.
Iodide uptake proved to be the most sensitive indicator of
the thyrotropic activity of hCG, with increases occurring at
a concentration of 10 mg/L, i.e. near the peak concentrations
of hCG during normal early pregnancy (24-26). In this
context, it is noteworthy
that there is a slight increase in
thyroid function coupled with a modest suppression of serum
TSH levels in those normal pregnant women with hCG levels
in the upper normal range (27-29). Furthermore, in patients
with hyperthyroidism
associated with hCG-secreting tissues,
such as choriocarcinoma (30), hydatidiform
mole (31), and
hyperemesis gravidarum (32), hCG levels have nearly always
exceeded those typical of normal pregnancy, in some cases
reaching levels higher than 1000 mg/L (30). Thus, our observations support a role for hCG as an in uiuo human thyroid
stimulator (33). In this context, it is relevant to recognize that
hCG is not a single molecule, but, rather, a family of isoforms
that vary mainly in carbohydrate structure (34, 35) and to
some extent in polypeptide structure as well (20, 36). Furthermore, the family of isoforms produced in pregnancy
differs from that in neoplasms (37). It seems likely that these
isoforms would display variability in their thyroid-stimulating activities.

10.

References

21.

1. Nisula BC. 1989 Gonadotropins
as thyrotropins.
In: Bellet D, Bidart
JM, eds. Structure-function
relationships
of gonadotropins.
Serono
Symp. New York: Raven Press; vol 65:107-122.
2. Hershman JM. 1992 Editorial: role of human chorionic gonadotropin as a thyroid
stimulator.
J Clin Endocrinol
Metab. 74:258-259.
3. Amir SM, Sullivan RC, Ingbar SH. 1980 In vitro responses to
crude and purified
hCG in human
thyroid
membranes.
J Clin
Endocrinol
Metab. 51:51-58.
4. Kennedy RL, Darne J, Cohn M, et al. 1992 Human chorionic
gonadotropin
may not be responsible
for thyroid-stimulating
activity
in normal pregnancy
serum. J Clin Endocrinol
Metab.
74:260-265.
5. Amir SM, Endo K, Osathanondh R, Ingbar SH. 1985 Divergent
responses by human
and mouse thyroids
to human chorionic
gonadotropin
in vitro. Mol Cell Endocrinol.
39:31-37.
modi6. Hoermann R, Keutman HT, Amir SM. 1991 Carbohydrate
fications
transform
human
chorionic
gonadotropin
into a potent
stimulator
of adenosine
3’,5’-monophosphate
and growth
responses in FRTL-5 thyroid
cells. J Clin Endocrinol
Metab. 128:11291135.
7. Amir SM. 1986 Human chorionic gonadotropin:
a negligible
human
thyroid stimulator.
In: Ingbar SH, Braverman
LE, eds. Werner’s
the
thyroid,
ed 5. Philadelphya:
Lippincott;
1088-1097.
8. Kraiem Z. Sadeh 0. Yosef M. 1991 Iodide uutake and oraanification, tri-iodothyronine
secretion,
cyclic AMP accumulation-and
cell
proliferation
in an optimized
system of human
thyroid
follicles
cultured in collagen gel suspended
in serum-free
medium.
J Endocrinol. 131:499-506.
9. Liu L, Southers JL, Banks SL, et al. 1989 Stimulation
of testosterone
production
in the cynomolgus
monkey
in viva by deglycosylated
and
desialylated
human
choriogonadotropin.
Endocrinology.
124:175-180.

JCE6kM.1994
Vol-79.No2

DeLean A, Munson PJ, Rodbard D. 1978 Simultaneous

analysis of
sigrnoidal
curves:
application
to bioassay,
radioligand
assay, and
physiological
dose-response
curves. Am J Physiol. 235:E97-E102.
11. Nitsch N, Wollman SH. 1980 Ultrastructure
of intermediate
stages
in polarity
reversal
of thyroid
epithelium
in follicles in suspension
culture. J Cell Biol. 86:875-880.
12. Garbi C, Wollman SH. 1982 Ultrastructure
and some other properties of inverted
thyroid
follicles in suspension
culture.
Exp Cell
Res. 138:343-353.
13. Barnes D, Sato G. 1980 Methods
for growth
of cultured
cells in
serum-free
medium.
Ann Biochem.
102:255-270.
14. Chambard M, Verrier B, Gabrion J, Mauchamp J. 1984 Polarity
reversal
of inside-out
thyroid
follicles cultured
within collagen gel:
reexpression
of specific functions.
Biol Cell. 51:315-325.
15. Jeevanram R, Blithe D, Liu L, Wehmann R, Nisula B. 1990
Superfluity
in the adenylate
cyclase signal transduction
system for
glycoprotein
hormones.
In: Chin WC, Boime I, eds. Glycoprotein
hormones:
structure,
synthesis and biologic function.
Serono Symp.
New York: Raven Press; 395-402.
16. Kraiem Z, Alkobi R, Sadeh 0.1988
Sensitization
and desensitization of human
thyroid
cells in culture:
effects of thyrotropin
and
thyroid-stimulating
immunoglobulin.
J Endocrinol.
119:341-349.
17. Kraiem Z, Sobel E, Sadeh 0, Kinarty A, Lahat N. 1990 Effects of
y-interferon
on DR antigen expression,
growth,
3,5,3’-triiodothyronine secretion,
iodide uptake,
and cyclic adenosine
3’,5’-monophosphate
accumulation
in cultured
human
thyroid
cells. J Clin
Endocrinol
Metab.
71:817-824.
18. Goldman S, Dirnfeld M, Abramovici H, Kraiem Z. 1993 Triidothyronine
(T3) modulates
hCG-regulated
progesterone
secretion,
CAMP accumulation
and DNA content in cultured human luteinized
granulosa
cells. Mol Cell Endocrinol.
96:125-131.
19 Tomer Y, Huber GK, Davies TF. 1992 Human
chorionic
aonadotropin (hCG) interacts directly with recombinant
human TSH receptors. J Clin Endocrinol
Metad. 74:1477-1479.

20. Yoshimura M. Hershman IM. Pane X-P, Berg L. Pekarv AE. 1993
Activation
of the thyrotro$n’(TSH?
receptor”by
human chorionic
gonadotropin
and luteinizing
hormone
in Chinese hamster
ovary
cells expressing
functional
human TSH receptors.
J Clin Endocrinol
Metab.
77:1009-1013.
Fradkin JE, Eastman RC, Lesniak MA, Roth J. 1989 Specificity
spillover
at the hormone
receptor-exploring
its role in human disease. N Engl J Med. 320:640-645.

22. Frazier AL: Robbins LS, Stork PJ, Sprengel R, Segaloff DL, Cone
RD. 1990 Isolation of TSH and LH/CG receutor cDNAs from human
thyroid:

regulation

by

4~1264-1267.
23. Amr S, Shimohigashi

tissue

specific

sphcing.

Mol

Endocrinol.

Y, Carayon P, Chen HC, Nisula B. 1984

Role of the carbohydrate
its thyrotropic
activity.

24.

25.

moiety of human choriogonadotropin
in
Arch Biochem Biophys.
229370-176.’
Braunstein GD. Rasor IL. Enevall E. Wade ME. 1980 Interrelationships
of human chohdnic
ionadouopin,
human
placental
lactogen, and pregnant-specific
&-glycoprotein
throughout
normal
human gestation.
Am J Obstet Gynecol.
138:1205-1213.
Ashitaka Y, Nishimura R, Takemori M, Tojo S. 1980 Production
and secretion of hCG and hCG subunits by trophoblastic
tissue. In:
Segal SJ, ed. Chorionic
gonadotropin.
New York: Plenum
Press;
147-175.

26. Kimura M, Amino A, Tamaki H, Mituda
0.1990
induced

27.
28.
29.
30.

N, Miyai K, Tanizawa

Physiologic
thyroid
by circulating
hCG.

activation
in normal early pregnancy
is
Obstet Gynecol.
75:775-778.
Harada A, Hershman JM, Reed AW, et al. 1979 Comparison
of
thyroid
stimulation
and thyroid
hormone
concentrations
in the sera
of ureanant
women.
1 Clin Endocrinol
Metab. 48:793-797.
Glino& D, De Nay& P, Bourdoux P, et al. 1990 Regulation
of
maternal
thyroid
during
pregnancy.
J Clin Endocrinol
Metab.
71:276-287.
Braunstein GD, Hershman JM. 1976 Comparison
of serum pituitary thyrotropin
and choriomc gonadotropin’
concentration
thr&gh
out oreenancv.
1 Clin Endocrinol
Metab. 42:1123-1126.
NisulaBC, TaBadouros GS. 1980 Thyroid function in gestational
trophoblastic
neoplasia:
evidence
that the thyrotropic
activity
of
human chorionic
gonadotropin
mediates the thyrotoxicosis
of cho-

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 15 November 2015. at 00:06 For personal use only. No other uses without permission. . All rights reserved.

hCG STIMULATES
riocarcinoma.

Am J Obstet

Gynecol.

Ts IN HUMAN

138:77-85.

31. Norman RJ, Green-Thomson RW, Jialal I, Soutter WP, Pittay NL,
Joubert SM. 1981 Hyperthyroidism
in gestational
trophoblastic
neoplasia.

32. Goodwin

33.

34.

Clin

Endocrinol

TM, Montoro

(Oxf).

JM. 1992 The role of chorionic
gonadotropin
in transient
hyperthyroidism
of hyperemesis
gravidarum.
J Clin
Endocrinol
Metab.
75:1333-1337.
Hershman JH, Lee H-Y, Sugawara M, et al. 1988 Human chorionic
gonadotropin
stimulates
iodide uptake,
adenylate
cyclase, and deoxyribonucleic
acid synthesis
in cultured
rat thyroid
cells. J Clin
Endocrinol
Metab. 67:74-79.
Blithe DL, Wehmann RE, Nisula BC. 1989 Carbohydrate
compo-

599

sition

of b-core. Endocrinology.
125:2267-2272.
DL. 1990 Carbohydrate
composition
of the a-subunit
of
human
choriogonadotropin
(hCG
a) and the free LY molecules
produced
in pregnancy:
most free (Y and some combined
hCG (Y
molecules
are fucosylated.
Endocrinology.
126:2788-2799.

35. Blithe

15:395-401.

M, Mestiman JH, Pekary AE, Hershman

THYROCYTES

36. Kardana A, Elliott MM, Gawinowicz

37.

M-A, Birken S, Cole LA.

1991 The heterogeneity
of human chorionic
gonadotropin
(hCG).
I.
Characterization
of peptide
heterogeneity
in 13 individual
preparations of hCG. Endocrinology.
129:1541-1550.
Mochizuki M, Nishimura R, Kobata A. 1989 Structural
changes
of sugar chains of human
chorionic
gonadotropin
with malignant
transformation
of trophoblast.
In: Bellet D, Bidart JM, eds. Structurefunction
relationships
of gonadotropins.
Serono Symp. New York:
Raven Press; vol 65:44-58.

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 15 November 2015. at 00:06 For personal use only. No other uses without permission. . All rights reserved.

