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Abstract

Background: The TSH stimulation test to confirm canine hypothyroidism is commonly performed using a
recombinant human TSH (rhTSH), as up to date, canine TSH is not yet commercially available. Limiting factors for
the use of rhTSH are its high costs and occasional difficulties in product availability. Less expensive bovine TSH
preparations (bTSH) purified from bovine pituitary glands are readily commercially available. The aim of this study
was to evaluate two different bTSH products as alternative to rhTSH using mass spectrometry.

Results: More than 50 proteins, including other pituitary hormones, bovine albumin, hemoglobin, and tissue
proteins were identified in the bTSH preparations. In contrast, rhTSH proved to be a highly pure product.
Significantly higher endotoxin levels could be detected in all bTSH products compared to the rhTSH.

Conclusions: Both bTSH products are crude mixtures and therefore not an acceptable alternative to rhTSH. Their
use should be discouraged to prevent unintended side effects.
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Background

The TSH stimulation test has long been recognized as an
accurate examination of thyroid function for the diagnosis
of hypothyroidism in dogs. Increases in T4 (thyroxin) after
the administration of exogenous TSH provide an assess-
ment of the functional reserve capacity of the thyroid
gland, and this helps discriminate true hypothyroidism
from other conditions with low T4 secretion [1,2]. Canine
TSH would be the ideal substance to perform the test, and
although canine recombinant TSH could successfully be
synthesized, it is not yet commercially available [3,4].
Therefore, the test is commonly performed using a recom-
binant human TSH (rhTSH) preparation [5-8]. Limiting
factors, however, are the high cost of rhT'SH and the occa-
sional difficulties in obtaining the product. TSH purified
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from bovine pituitary glands (bTSH), which is easily
commercially available, was widely used before rhTSH had
been introduced in veterinary medicine. Equivalent bio-
logical activity of a bT'SH product and the rhTSH has been
shown in healthy beagle dogs [9]. However, in veterinary
but also human medicine side effects after the use of
bTSH were occasionally observed including allergic and
anaphylactoid reactions [10-14]. Although they were
assumed to result from impurities contained in the bTSH,
a detailed characterization of commercially available bTSH
to confirm this assumption has never been performed.
Mass spectrometry (MS) has been used to monitor pro-
tein purifications and to identify components in protein or
peptide mixtures [15-18]. MS has also been suggested as
an excellent analytical tool to establish key differences be-
tween recombinant proteins and their natural counter-
parts, especially when these products are intended for
clinical use [17]. To our knowledge, no MS studies have
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been conducted to describe the composition of commer-
cial bTSH products.

Important contaminants found in parenteral drugs are
endotoxins, also known as lipopolysaccharides (LPSs),
components of the outer membrane of gram-negative
bacteria. LPS in the blood circulation can lead to sys-
temic inflammation and endotoxin shock [19]. Possible
sources of endotoxins in drugs are chemicals, raw mate-
rials, or equipment used in the preparation and purifica-
tion of the products. The Limulus Amebocyte Lysate
(LAL) test is an officially accepted and very sensitive
method to test endotoxin levels. To date, there are no
published studies that compare the endotoxin content of
different TSH preparations.

Knowledge of the composition of bTSH and the identifi-
cation of potentially dangerous contaminants, e.g., endo-
toxins in this product are both prerequisites for veterinary
clinical use of bTSH.

Therefore, aim of this study was to characterize com-
mercially available purified bTSH (two different prod-
ucts) and rhTSH (one product) by MS. In addition, the
levels of endotoxin were measured in both preparations
by the Limulus endotoxin assay.

Results

Peptide and protein identification in bTSH

bTSH and rhTSH samples were separated by SDS-PAGE
before analyses by MS. Selected examples of Bis-Tris gels
after electrophoresis and Coomassie Blue staining of bTSH
and rhTSH-loaded gels are shown in Figure 1A (bTSH
product 1, Sigma Aldrich) and 1B (rthTSH), respectively.

In addition to bTSH, more than 50 other proteins were
identified in all bTSH samples, including other pituitary
hormones such as bovine prolactin, LH, arginine vasopres-
sin (AVP), proopiomelanocortin (POMC), GH, oxytocin-
neurophysin, and glycoprotein hormone alpha chain.
Moreover, bovine albumin, hemoglobin, and cytoskeleton
proteins were found in many of the tested samples. Inter-
estingly, major differences in the composition of albumin
were observed among the different lots of bTSH (bTSH
product 1, Sigma Aldrich), while the pituitary hormones
(prolactin, LH, AVP, glycoprotein hormone alpha
chain, and TSH) were not significantly different be-
tween the lots. A list of selected proteins of both prep-
arations is presented in Tables 1 and 2, respectively. A
complete summary of all identified proteins in bTSH
product 1 (three different lots) and 2 (one lot) are
presented as Additional file 1: Table S1 and Additional
file 2: Table S2, respectively; accession number and
number of assigned spectra are given.

Peptide and protein identification in rhTSH
In the rhTSH only TSH and several enzymes (e.g.,
caspase, galectin, serpin, calmodulin-like protein, and
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Figure 1 Bis-Tris SDS PAGE gel of bTSH (product 1) and rhTSH
(each 70 pg/lane); after electrophoretic separation, protein
bands were detected by Coomassie Blue staining. The right lane
of each gel represents the molecular weight marker (Prestained
Protein Ladder; Page Ruler, Fermentas; Thermo Scientific, Glen
Burnie, MD, USA), the left lane of gel A and B, the bTSH and

rhTSH, respectively.

glyceraldehyde-3-phosphate dehydrogenase species) could
be identified. In contrast to bTSH, the composition of
rhTSH was extremely consistent between the different lot
numbers.

A list of selected proteins from the two lot numbers of
rhTSH is shown in Table 3 and is given as the number of
assigned spectra. A complete summary of all identified
proteins in the rthTSH products is presented as Additional
file 3: Table S3; accession number and number of assigned
spectra are given.

Estimation of pituitary protein level

The number of detectable peptides of the identified pitu-
itary proteins was comparable. Therefore it was assumed
that the number of the detected spectra reflected the in-
dividual abundances of the proteins, which allowed an
estimation of the hormone quantities. Based on this as-
sumption, the most commonly occurring proteins in the
bTSH product 1 (Sigma Aldrich) were prolactin and LH
and although not statistically significant there was a
trend towards higher levels of both hormones compared
to the TSH (p=0.1) and a trend towards lower GH
levels compared to those of TSH, LH and prolactin
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Table 1 Selected proteins identified in the bTSH product
1 (Thyrotropic hormone from bovine pituitary, Sigma
Aldrich; 3 lot numbers) by database search following
mass spectrometry

Identified proteins LOT LOT LOT
069 K1588 119 K1583 040 M1246
Prolactin 143 105 60
Lutropin subunit beta 100 84 86
Vasopressin-neurophysin2- 85 87 61
copeptin
Thyrotropin subunit beta 76 64 44
Glycoprotein hormones 57 73 75
alpha chain
Pro-opiomelanocortin 36 35 42
Serum albumin 25 1 0
Somatotropin 12 1 8
Beta-2-glycoprotein 1 5 2 0
Hemoglobin subunit beta 4 2 3
Oxytocin-neurophysin 1 4 2 2

Numbers of assigned spectra are given (corresponding to the numbers of the
acquired spectra per protein).

(Figure 2). The rhTSH preparation had only minor
amounts of proteins other than TSH.

Contaminants such as keratin or trypsin, and proteins
that were detected in bTSH and in rhTSH were elimi-
nated from the analyses.

Measurement of LH and GH by ELISA
LH and GH were additionally measured by ELISA to
confirm the findings of the MS with respect to the

Table 2 Selected proteins identified in the bTSH product 2
(TSH, bovine pituitary, Calbiochem Merck; 1 lot number)
by database search following mass spectrometry

Identified proteins LOT
D00106386
Beta-2-glycoprotein 1 52
Serum albumin 51
Lactotransferrin 45
Hemoglobin subunit beta 32
Lutropin subunit beta 16
Glycoprotein hormones alpha chain 13
Thyrotropin subunit beta 13
Vasopressin-neurophysin 2-copeptin 7
Somatotropin 6
Pro-opiomelanocortin 4
Hemoglobin subunit alpha 3
Follitropin subunit beta 3

Numbers of assigned spectra are given (corresponding to the numbers of the
acquired spectra per protein).
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Table 3 Selected proteins identified in the rhTSH
preparation (Thyrogen, Genzyme GmbH; 2 lot numbers)
by database search following mass spectrometry

Identified proteins LOT LOT
A8035H40 A8063H19

Thyrotropin subunit beta 116 126

Glycoprotein hormones alpha chain 25 26

Numbers of assigned spectra are given (corresponding to the numbers of the
acquired spectra per protein).

quantity of the hormone levels. The LH levels in the
bTSH (product 1, Sigma Aldrich) samples were signifi-
cantly higher compared to GH levels. Variations between
the three different bTSH lots were only minimal and not
statistically significant. Both, GH and LH levels in the
rhTSH preparations were undetectable (Table 4).

Endotoxin levels

Results of the LAL kinetic chromogenic assays of
bTSH and rhTSH preparations at different dilutions
are presented in Table 5. Endotoxin levels of all bTSH
preparations were significantly higher compared to
rhTSH. Further, large variations in endotoxin levels
were observed among the different lots of the bTSH
product 1 (Sigma Aldrich).

Discussion

Mass spectrometry analyses demonstrated that all bTSH
samples of two different products contained in addition
to TSH, more than 50 other proteins, including not only
other pituitary hormones (e.g. LH, prolactin, AVP,
POMC, and GH) but also bovine albumin, hemoglobin,
and several tissue proteins (e.g., collagen, superoxide
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Figure 2 Numbers of assigned spectra of the hormones
detected in the bTSH (product 1, Sigma Aldrich). Each symbol
represents a lot number. The line represents the median of the 3
different lot numbers of each hormone. Thyroid stimulating
hormone (TSH), luteinizing hormone (LH), arginine vasopressin (AVP),
proopiomelanocortin (POMC), growth hormone (GH).
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Table 4 Bovine luteinizing hormone (LH) and bovine
growth hormone (GH) concentrations in bTSH and rhTSH
preparations as determined by ELISA

TSH product LOT LH (ug/ml) GH (pg/ml)
bTSH 040 M1246 349 259
374 2.29
119 K1583 354 297
345 2.75

rhTSH A8063H19 < 1.2 ng/ml < 0.8 ng/ml

dismutase, and cathepsin). In contrast, in the rhTSH
samples only TSH and a low number of enzymes used
for its production were detected.

Recombinantly produced proteins usually contain only
the protein or peptide coded by the target gene, and some
minor enzymes used in the commercial production
process. thTSH (Thyrogen) is produced in genetically
engineered cell lines (Chinese hamster ovary cells- CHO)
and is highly purified by a combination of ion exchange
and dye affinity chromatography [20] (Genzyme Corpor-
ation, www.genzyme.com).

In contrast to rhTSH, the bTSH products are purified
proteins, prepared from the entire bovine pituitary
gland. Depending on the purification procedure, it may
be difficult to obtain a real pure product, particularly if
proteins with high similarities to the target protein (in
our case TSH) are present. It was therefore not surpris-
ing that other pituitary hormones were found in the
various bTSH lots. Major cell types of the anterior pituit-
ary are somatotropic cells, constituting approximately 50%
of the cell population, followed by lactotropic (10-25%),
corticotropic (10-20%), gonadotropic (10%), and thyrotro-
pic cells (10%) [21].

Based on the high proportion of somatotropic cells in
a pituitary mixture, a higher quantity of growth hor-
mone would be expected if the protein purification
method was non-specific. However, the proportion of
GH in bTSH as determined by MS analyses and ELISA

Table 5 Endotoxin concentrations in two bTSH products
(Sigma Aldrich, 3 lot numbers; Calbiochem Merck 1 lot
number) and rhTSH (2 lot numbers) as determined by
Limulus amebocyte lysate (LAL) kinetic chromogenic
assay

Sample LOT Endotoxin/ml  Endotoxin/mg
bTSH 069 K1588 434 EU/ml 804 EU/mg
(Sigma Aldrich) 119 K1583 1584 EU/m 29.3 EU/mg
040 M1246 133.6 EU/ml 24.7 EU/mg
bTSH D00106386 622 EU/mI 124 EU/mg
(Calbiochem Merck)
rhTSH A8035H40 0.15 EU/ml 0.14 EU/mg
(Genzyme GmbH) A8063H19 <0.05 EU/ml <0.04 EU/mg
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was low, confirming that the TSH purification was to
some extent specific.

TSH belongs to the glycoprotein hormone family that
includes FSH, hCG and LH; they are heterodimeric pro-
teins and consist of a common «-subunit (or a-chain)
and a unique B-subunit, which confers biological specifi-
city to each hormone. Due to the very high homology
between TSH and LH, separation of the two hormones
is difficult and necessitates extensive purification proce-
dures [22-24], which in turn is laborious and expensive.
Based on our results showing a rather high proportion
of LH (demonstrated by MS and ELISA), it can be as-
sumed that such a special purfication procedure has not
been applied in the case of our bTSH.

In a previous study, we found that the administration
of 75 pg rhTSH to healthy beagle dogs resulted in stimu-
lation of T4 similar to that caused by administration of
500 pg bTSH (product 1) [9]. Based on the current
results, the more than six times higher dose of bTSH
required to elicit the same effect as rhTSH can be
explained by the high content of contaminating proteins
in the bTSH lots. As mentioned above, the amounts of
GH in the bTSH products were low, which led us to as-
sume that at least some specific purification procedure
was used; the more surprising was the finding of the
highly variable amounts of bovine albumin that we could
detect. Before rhTSH was available, bTSH given to
human patients caused allergic reactions in up to 43% of
the cases; some patients required emergency treatment
[12-14]. Contaminating proteins such as albumin or glob-
ulins and antibodies against these proteins were suspected
to be a likely cause and most side effects were observed
after repeated injections of bTSH [12,13]. In veterinary
medicine, side effects after the use of bTSH include aller-
gic and anaphylactoid reactions [10,11]. Although these
reactions were assumed to result from impurities
contained in the bTSH, a detailed characterization to con-
firm this assumption has not been performed. If foreign
albumin is administered, species differences in albumin
can lead to anaphylactic and immunologic reactions. This
has been shown both in human patients and in dogs
[25-30]. Clinical symptoms in dogs receiving non-canine
albumin ranged from edema (facial, distal limbs), urticaria,
vomiting, and diarrhea to severe shock-like reactions
(hypotension, collapse). Some of these symptoms have
also been observed in dogs receiving bTSH, making
adverse reactions to albumin contained in bTSH a
likely factor. In one veterinary study, reactions had
only been observed after repeated administration of
bTSH. The authors hypothesized that these reactions
were the result of hypersensitization [11]. Clearly, to
avoid hypersensitization, a canine TSH would be the
most appropriate substance for performing the TSH
stimulating test in dogs. However, to our knowledge,
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purified canine TSH is not commercially available in
sufficient amounts and although recombinant canine
TSH could successfully be synthesized, it is not yet on
the market [3,4].

However, in one report, two fatal outcomes were
described after a single administration of bTSH to dogs
that had no prior exposure to bTSH [10]. A possible ex-
planation in these cases, in which a hypersensitization
can be excluded, would be the high endotoxin concen-
tration in some bTSH lots. Based on the LAL assay, the
endotoxin concentration in bTSH was up to 500 times
higher than that measured in rhTSH (434 and 0.27 EU/mL,
respectively). Endotoxins in the blood circulation can lead
to systemic inflammation and endotoxin shock with severe
cardiovascular disturbances, multi-organ failure, and pos-
sible fatal outcome [19]. The highly variable endotoxin
content in different lots makes adverse reactions unpre-
dictable, and hence, the administration of bTSH to dogs is
risky. Based on the high level of purity and the lack or
minimal amount of endotoxin content, adverse reactions
to rhTSH are unlikely. Therefore, compared to bTSH,
rhTSH can be regarded as a much safer product. This
assumption is supported by the finding that thus far, no
adverse reactions in dogs have been observed even after
the repeated administration of rhTSH [5,6,9]. In selected
dogs in which hypothyroidism had been suspected, we re-
peated the TSH stimulation test three times using rhTSH.
Even though the third test was performed within 12 to
24 months after the first stimulation, no dogs had adverse
reactions after the rhTSH administration [6].

The bTSH is commonly used also for in vitro experi-
ments to test the influence of TSH [31-34]. With our data,
we could show that other pituitary hormones, albumin,
endotoxins and an extensive list of contaminating proteins
(e.g., collagen, hemoglobin, superoxide dismutase, and ca-
thepsin) are constituents in two different bTSH products.
The effects of these impurities are rarely if ever considered
in interpretations of the results from these cell culture
experiments. However, in the light of our findings, the
rhTSH should be preferred for in vitro usage if the sole
effect of TSH has to be tested.

Conclusion

The results of the present study show that rhTSH is a very
pure product with minimal to no amounts of endotoxin,
whereas bTSH is a crude mixture of proteins with a high
level of endotoxin. Both, contaminating proteins like bo-
vine albumin and the high endotoxin content in the bTSH
can potentially lead to adverse reactions, which have been
observed in the past, not only in humans, but also in
veterinary medicine [10-14]. The highly variable and lot-
dependent composition of the bTSH makes adverse reac-
tions unpredictable. Consequently, although less expensive
and easily available, bTSH cannot be regarded as an
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alternative to the more expensive rhTSH, and its use
should be discouraged to prevent unintended side effects
in vitro and in vivo.

Methods

Sample preparation

Two different bovine TSH products (Thyrotropic hor-
mone from bovine pituitary; product 1 Sigma Aldrich,
Buchs, Switzerland and product 2 Calbiochem, Merck
Chemicals, Lucerne, Switzerland) and rhTSH (Thyrogen,
Genzyme GmbH, Baar, Switzerland) were analyzed. All
TSH products were dissolved in aqua ad iniectabilia
(Fresenius Kabi AG, Stans, Switzerland), and 70 pg total
protein of each TSH sample were loaded separately onto
a 12%- Bis-Tris gel (NuPage Novex Bis-Tris Mini Gel,
Invitrogen AG, Basel, Switzerland). After separation, the
gels were stained with colloidal Coomassie Blue
(RotiBlue, Roth, Karlsruhe, Germany) and the stained
gel lanes were excised, digested in-gel, and finally
dissolved in 3% acetonitrile/0.1% formic acid for MS
analyses as previously described [35].

Mass spectrometry analyses

Analyses were performed with an LTQ-FT-ICR Ultra mass
spectrometer (Thermo Fisher Scientific, Pittsburgh, PA,
USA) equipped with an Eksigent-Nano-high performance
liquid chromatography system (Eksigent Technologies,
Dublin, CA, USA) as described by Moretti et al. [35]. An
inclusion list was used containing the m/z values of all
doubly and triply charged tryptic peptides from human
(P01222) and bovine (P01223) TSH.

Peptide and protein identification (data analyses)

The MS data were analyzed and peptides identified with
Mascot (Version 2.3.0, Matrix Science) using the Swiss-
Prot database (release date, 05.0ct10; 521016 sequence
entries). The peptide tolerance was set to+5 ppm, the
MS/MS tolerance to + 0.6 Da, and carbamidomethylation
of cysteine was specified as a fixed modification.

Determination of bovine growth hormone concentration

The concentration of bovine growth hormone (GH) was
measured in duplicate by an Enzyme-linked Immuno-
sorbant Assay (ELISA) using a GH antibody (10 mg/mL,
100 pL total volume, 1: 200 000 dilution, anti-ovine GH-3,
Lot# AFP0802210Rb) obtained from Dr. Parlow [National
Hormone & Peptide Program (NHPP) of the National
Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), National Institutes of Health, Bethesda, MD,
USA]. The assay was performed as previously described,
but with the following modifications [36,37]. The anti-ovine
GH antibody was distributed into all wells of microtiter
plates, which had been coated with anti-rabbit-globulin
antiserum, and incubated for 24 h at room temperature.
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After decanting the supernatants, 15 pL of different
concentrations of GH standard (0.8-100 ng/mL, NIDDK-
bGH, AFP-10325C) diluted in assay buffer (7.1 g/L
Na,HPO,, 1.1 g/L KH,PO, 12 g/L NaCl, and 1.8 g/L
EDTA, pH 7.5; containing 1% chicken serum; 100 pg/well),
and samples were added and incubated for 24 h. After
incubation, the supernatants were discarded and biotin-
labeled GH was added and incubated for 3 h at room
temperature. Finally, the substrate was added (40 min at
37°C), and after stopping, the reaction, the optical density
was measured at 450 nm. Only concentrations in the lin-
ear range of the standard curve were evaluated. Therefore,
lower and upper detection limit for undiluted samples
were 2.0 and 50.0 ng/mL, respectively (working range).
The EIA method was validated for protein extraction sam-
ples by analyzing linearity of dilution and intra-assay coef-
ficient of variation (CV) using the respective TSH diluted
in GH assay buffer. The signal linearity of dilution was
81-96%, the intra-assay CV was 15.1%, and the 50% bind-
ing of this assay system was 6.2 ng/mL. Protein samples
were diluted 1:10 in water and additionally 1:20 in peptide
buffer.

Determination of bovine luteinizing hormone concentration
Bovine luteinizing hormone (LH) concentration was mea-
sured in duplicate using a solid phase two-site enzyme
immunoassay kit (LH Detect, INRA, Tours, France). The
immunoassay was validated for purified protein samples
by analyzing linearity of dilution, and the intra-assay CV.
The assay sensitivity was 1 ng/mL, and the intra-assay CV
was 9.6%. Linearity of dilution was 82-102%. Protein for
LH detection was diluted in water at 1:100 and addition-
ally 1:100 in assay buffer. The standard curve ranged from
1.2 - 40 ng/mL.

Endotoxin assay

Endotoxin levels were measured using a Limulus amebo-
cyte lysate (LAL) kinetic chromogenic assay (Pyrogent
LAL Chromogenic Assay, Lonza, Verviers, Belgium). The
test is based on the measurement of the chromophore re-
leased from a suitable chromogenic peptide by the reac-
tion of endotoxins with the lysate. Bacterial endotoxin was
measured with upper and lower detection limits of 0.05
and 50 Endotoxin units (EU)/mL, respectively. The sample
was mixed with the LAL/substrate reagent, placed in an
incubating plate reader, and monitored over time for the
appearance of a yellow color, according to the instructions
of the manufacturer. The same TSH lots were used for
endotoxin assays and mass spectrometry. Results are given
in both EU/mL and EU/mg.

Statistical analyses
Statistical support was provided by the biostatistical staff
of the FGCZ. MS data were analyzed using Scaffold 3
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(Proteome Software, Portland, OR, USA) The threshold
for positive identification of a given protein was set to at
least two peptides with a peptide probability of 95% or
better. The minimal sequence coverage was set to a mini-
mum of 10%. Data were further analyzed using non-
parametric statistical methods (SPSS, Statistical Package
for the Social Science, Software Packets for Windows, Ver-
sion 18 and GraphPad PRISM® for Windows, Version 5.0)
Kruskal-Wallis, Wilcoxon and Dunn’s multiple compari-
sons test were used. The Mann—Whitney-U/-Test was used
to determine differences between two groups (hormones,
endotoxins). Values of p <0.05 were considered statisti-
cally significant.

Additional files

Additional file 1: Table S1. (Complete, including accession number).
Complete list of the proteins identified in the bTSH product 1
(Thyrotropic hormone from bovine pituitary, Sigma Aldrich; 3 lot
numbers) by database search following mass spectrometry. Numbers of
assigned spectra are given and the minimal sequence coverage was set
to a minimum of 10%. Contaminations like keratin or trypsin, which were
registered in bTSH as well as in rhTSH were excluded from analyses.

Additional file 2: Table S2. (Complete, including accession number).
Complete list of identified proteins in the bTSH product 2 (TSH, bovine
pituitary, Calbiochem Merck; 1 lot number) by database search following
mass spectrometry. Numbers of assigned spectra are given and the
minimal sequence coverage was set to a minimum of 10%.
Contaminations like keratin or trypsin, which were registered in bTSH as
well as in rhTSH were excluded from analyses.

Additional file 3: Table S3. (Complete, including accession number).
Complete list of identified proteins in the rhTSH preparation (Thyrogen,
Genzyme GmbH; 2 lot numbers) by database search following mass
spectrometry. Numbers of assigned spectra are given and the minimal
sequence coverage was set to a minimum of 10%. Contaminations like
keratin or trypsin, which were detected in bTSH as well as in rhTSH were
excluded from analyses.

Competing interests

None of the authors of this paper has a financial or personal relationship
with other people or organizations that could inappropriately influence or
bias the content of the paper. The authors declare that they have no
competing interests.

Authors’ contributions

SS carried out all the experimental work of the MS and drafted the
manuscript. MP carried out the immunoassays and helped with revision of
the manuscript. POH and BR coordinated and supervised the experimental
work and helped with revision of the manuscript. BR did the biostatistical
analyses. NSSR and CER advised on critical revision of the manuscript. FB
designed, coordinated and supervised the study and wrote the manuscript.
All authors read and approved the final manuscript.

Acknowledgements

This work was supported by the Vetsuisse Faculty Research Program
‘CLINOMICS’, University of Zurich Switzerland and the Albert Heim
Foundation for Canine Research, Bern, Switzerland. We thank Theres Meili
and Anamarija Ivos for excellent technical assistance.

Author details

'Clinic for Small Animal Internal Medicine Vetsuisse Faculty, University of
Zurich, Zurich, Switzerland. “Institute of Veterinary Biochemistry and
Molecular Biology, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland.
3Clinic for Cattle, Endocrinology Laboratory, University of Veterinary Medicine


http://www.biomedcentral.com/content/supplementary/1746-6148-9-141-S1.pdf
http://www.biomedcentral.com/content/supplementary/1746-6148-9-141-S2.pdf
http://www.biomedcentral.com/content/supplementary/1746-6148-9-141-S3.pdf

Schaefer et al. BMC Veterinary Research 2013, 9:141
http://www.biomedcentral.com/1746-6148/9/141

Hanover, Hanover, Germany. “Functional Genomics Center Zurich (FGC2),
University of Zurich/ETH Zurich, Zurich, Switzerland.

Received: 31 January 2013 Accepted: 15 July 2013
Published: 16 July 2013

References

1.

Feldman EC, Nelson RW: Hypothyroidism. In Canine and feline
endocrinology and reproduction. Edited by Feldman EC, Nelson RW. Toronto:
W.B.Saunders Company; 1996:68-117.

Ferguson DC: Update on diagnosis of canine hypothyroidism. Vet Clin
North Am Small Anim Pract 1994, 24(3):515-539.

Yang X, McGraw RA, Ferguson DC: cDNA cloning of canine common alpha
gene and its co-expression with canine thyrotropin beta gene in
baculovirus expression system. Domest Anim Endocrinol 2000, 18(4):379-393.
Yanga X, McGraw RA, Su X, Katakam P, Grosse WM, Li OW, Ferguson DC:
Canine thyrotropin beta-subunit gene: cloning and expression in
Escherichia coli, generation of monoclonal antibodies, and transient
expression in the Chinese hamster ovary cells. Domest Anim Endocrinol
2000, 18(4):363-378.

Boretti FS, Sieber-Ruckstuhl NS, Favrot C, Lutz H, Hofmann-Lehmann R,
Reusch CE: Evaluation of recombinant human thyroid-stimulating
hormone to test thyroid function in dogs suspected of having
hypothyroidism. Am J Vet Res 2006, 67(12):2012-2016.

Boretti FS, Sieber-Ruckstuhl NS, Wenger-Riggenbach B, Gerber B, Lutz H,
Hofmann-Lehmann R, Reusch CE: Comparison of 2 doses of recombinant
human thyrotropin for thyroid function testing in healthy and suspected
hypothyroid dogs. J Vet Intern Med 2009, 23(4):856-861.

Daminet S, Fifle L, Paradis M, Duchateau L, Moreau M: Use of recombinant
human thyroid-stimulating hormone for thyrotropin stimulation test in
healthy, hypothyroid and euthyroid sick dogs. Can Vet J 2007,
48(12):1273-1279.

Sauve F, Paradis M: Use of recombinant human thyroid-stimulating
hormone for thyrotropin stimulation test in euthyroid dogs. Can Vet J
2000, 41(3):215-219.

Boretti FS, Sieber-Ruckstuhl NS, Willi B, Lutz H, Hofmann-Lehmann R, Reusch
CE: Comparison of the biological activity of recombinant human thyroid-
stimulating hormone with bovine thyroid-stimulating hormone and
evaluation of recombinant human thyroid-stimulating hormone in
healthy dogs of different breeds. Am J Vet Res 2006, 67(7):1169-1172.
Hasler A, Rohner K: Serious reactions after the TSH-stimulation test in the
dog. Schweiz Arch Tierheilkd 1992, 134(9):423-427.

Kobayashi DL, Nichols R, Peterson ME: Serum thyroid hormone
concentrations in clinically normal dogs after administration of freshly
reconstituted vs previously frozen and stored thyrotropin. J Am Vet Med
Assoc 1990, 197(5):597-599.

Kirkpatrick CH, Meek JC, Rich RR: Mechanism of allergy to components of
commercial bovine thyrotropin. J Allergy Clin Immunol 1973, 51(5):296-302.
Krishnamurthy GT: Human reaction to bovine TSH: concise
communication. J Nucl Med 1978, 19(3):284-286.

Sherman WB, Werner SC: Generalized allergic reaction to bovine
thyrotropin. JAMA 1964, 190:244-245.

Domon B, Aebersold R: Mass spectrometry and protein analysis. Science
2006, 312(5771):212-217.

Domon B, Alving K, He T, Ryan TE, Patterson SD: Enabling parallel protein
analysis through mass spectrometry. Curr Opin Mol Ther 2002, 4(6):577-586.
Flensburg J, Belew M: Characterization of recombinant human serum
albumin using matrix-assisted laser desorption ionization time-of-flight
mass spectrometry. J Chromatogr A 2003, 1009(1-2):111-117.

Jensen C, Haebel S, Andersen SO, Roepstorff P: Towards monitoring of
protein purification by matrix-assisted laser desorption ionization mass
spectrometry. Int J Biochem Mass Spectrometry lon Processes 1997,
160:339-356.

Galanos C, Freudenberg MA: Mechanisms of endotoxin shock and
endotoxin hypersensitivity. Immunobiology 1993, 187(3-5):346-356.
Braverman LE, Pratt BM, Ebner S, Longcope C: Recombinant human
thyrotropin stimulates thyroid function and radioactive iodine uptake in
the rhesus monkey. J Clin Endocrinol Metab 1992, 74(5):1135-1139.

Yeung CM, Chan CB, Leung PS, Cheng CH: Cells of the anterior pituitary.
Int J Biochem Cell Biol 2006, 38(9):1441-1449.

22.

23.

24.

25.

26.

27.

28.

29.

32.

33.

34.

35.

36.

37.

Page 7 of 7

Arora T, Vashistha N, Muralidhar K: Chromatographic separation of thyroid
stimulating hormone from luteinizing hormone. J Lig Chromatogr R T
2010, 33(5):680-692.

Hartree AS, Butt WR, Kirkham KE: The separation and purification of human
luteinizing and thyrotrophic hormones. J Endocrinol 1964, 29:61-69.

Stanton PG, Hearn MT: High-performance liquid chromatography of
amino acids, peptides and proteins. LXXV. Isolation of isohormones of
bovine thyrotropin and lutropin. J Chromatogr 1987, 397:379-387.

Cohn LA, Kerl ME, Lenox CE, Livingston RS, Dodam JR: Response of healthy
dogs to infusions of human serum albumin. Am J Vet Res 2007,
68(6):657-663.

Francis AH, Martin LG, Haldorson GJ, Lahmers KK, Luther TY, Alperin DC,
Hines SA: Adverse reactions suggestive of type Il hypersensitivity in six
healthy dogs given human albumin. J Am Vet Med Assoc 2007,
230(6):873-879.

Mackensen A, Drager R, Schlesier M, Mertelsmann R, Lindemann A:
Presence of IgE antibodies to bovine serum albumin in a patient
developing anaphylaxis after vaccination with human peptide-pulsed
dendritic cells. Cancer Immunol Immunother 2000, 49(3):152-156.

Pagan JA, Postigo |, Rodriguez-Pacheco JR, Pena M, Guisantes JA, Martinez J:
Bovine serum albumin contained in culture medium used in artificial
insemination is an important anaphylaxis risk factor. Fertil Steril 2008,
90(5):2013. 2017-2019.

Wehner-Caroli J, Schreiner T, Schippert W, Lischka G, Fierlbeck G, Rassner G:
Anaphylactic reaction to bovine serum albumin after embryo transfer.
Fertil Steril 1998, 70(4):771-773.

Wuthrich B, Stern A, Johansson SG: Severe anaphylactic reaction to bovine
serum albumin at the first attempt of artificial insemination. Allergy 1995,
50(2):179-183.

Bell A, Gagnon A, Dods P, Papineau D, Tiberi M, Sorisky A: TSH signaling
and cell survival in 3T3-L1 preadipocytes. Am J Physiol Cell Physiol 2002,
283(4).C1056-C1064.

Bell A, Gagnon A, Sorisky A: TSH stimulates IL-6 secretion from adipocytes
in culture. Arterioscler Thromb Vasc Biol 2003, 23(12):e65-€66.

Curcio F, Ambesi-impiombato FS, Perrella G, Coon HG: Long-term culture
and functional characterization of follicular cells from adult normal
human thyroids. Proc Natl Acad Sci USA 1994, 91(19):9004-9008.
Westermark B, Karlsson FA, Walinder O: Thyrotropin is not a growth factor
for human thyroid cells in culture. Proc Natl Acad Sci USA 1979,
76(4):2022-2026.

Moretti M, Grunau A, Minerdi D, Gehrig P, Roschitzki B, Eberl L, Garibaldi A,
Gullino ML, Riedel K: A proteomics approach to study synergistic and
antagonistic interactions of the fungal-bacterial consortium Fusarium
oxysporum wild-type MSA 35. Proteomics 2010, 10(18):3292-3320.
Kawashima C, Kida K, Hayashi KG, Amaya Montoya C, Kaneko E, Matsunaga
N, Shimizu T, Matsui M, Miyake Y, Schams D, et al: Changes in plasma
metabolic hormone concentrations during the ovarian cycles of
Japanese black and holstein cattle. J Reprod Dev 2007, 53(2):247-254.

Roh SG, Matsunaga N, Miyamoto A, Hidaka S, Hidari H: Competitive
enzyme immunoassay for bovine growth hormone. Endocr J 1997,
44(1):195-198.

doi:10.1186/1746-6148-9-141

Cite this article as: Schaefer et al: Characterization of recombinant
human and bovine thyroid-stimulating hormone preparations by mass
spectrometry and determination of their endotoxin content. BMC
Veterinary Research 2013 9:141.




	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Peptide and protein identification in bTSH
	Peptide and protein identification in rhTSH
	Estimation of pituitary protein level
	Measurement of LH and GH by ELISA
	Endotoxin levels

	Discussion
	Conclusion
	Methods
	Sample preparation
	Mass spectrometry analyses
	Peptide and protein identification (data analyses)
	Determination of bovine growth hormone concentration
	Determination of bovine luteinizing hormone concentration
	Endotoxin assay
	Statistical analyses

	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

