
Detection of thyroglobulin mRNA as truncated isoform(s) in
mouse thymus

Introduction

The physiological expression of peripheral tissue-specific

antigens in the thymus has been well documented in

recent years (reviewed in refs 1 and 2). This phenomenon

of ‘promiscuous gene expression’2,3 has been viewed to

play a pivotal role in the shaping of the autoreactive

T-cell repertoire because the levels of intrathymic expres-

sion of several tissue antigens inversely correlate with sus-

ceptibility to organ-specific autoimmunity.4–7 Deletion of

high-affinity autoreactive T cells by the self-antigen

expressed in the thymus is one mechanism that could

account for these observations.8 In some instances, how-

ever, self-reactive cells may escape thymic deletion

because the isoform of the antigen expressed in the thy-

mus differs from that expressed in the target organ. This

has been best illustrated in studies of experimental auto-

immune encephalomyelitis (EAE) and the target antigen

proteolipid protein (PLP), the main protein of the myelin

sheath. Intrathymic PLP mRNA exists predominantly as a

splice variant, DM20, which lacks a specific loop of 35

amino acids.9 It has been shown that T-cell tolerance to

PLP is restricted to those epitopes included in DM20.10,11

Thyroglobulin (Tg) is the largest autoantigen known –

with a molecular mass of 660 000 in its homodimeric

form – and the most abundant glycoprotein of the thy-

roid gland. Mapping studies have, to date, identified 13

Tg peptides encompassing T-cell epitopes that elicit

experimental autoimmune thyroiditis (EAT) when admin-

istered with adjuvant into mice.12,13 However, none

of these epitopes has been classified as dominant by

proliferative assays in vitro, and the conditions that

might promote their participation in the disease process

remain speculative.12,14 Several studies, using reverse
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Summary

Recent studies employing reverse transription–polymerase chain reaction

(RT–PCR) have demonstrated the intrathymic presence of mRNA for

various autoantigens, including thyroglobulin (Tg). Deliberations on the

mechanisms of central tolerance usually assume that this approach detects

intact mRNA transcripts that can be translated to express the whole auto-

antigen in the thymus. In the present study, we tested this assumption

using mRNA transcripts of mouse Tg which encode at least 13 pathogenic

peptides, scattered over a large (8�5 kb) sequence. We found that mRNA

encoding 11 out of these 13 Tg peptides was present in both the thyroid

and the thymus of CBA/J mice, with no apparent temporal fluctuations in

expression from birth to 12 weeks of age. Interestingly, detection of

these sequences was also demonstrable in the liver and kidney, but not in

muscle. However, mRNA encoding two pathogenic peptides (amino acids

1–12 and amino acids 1579–1591) was detected intrathyroidally but not

in the other tissues. Further analysis by RT–PCR showed that Tg mRNA

transcripts in the thymus, liver and kidney lack segments within the 1–

915 bp and 961–5013 bp regions, spanning exons 1–7 and 9–22, respect-

ively. These data strongly suggest that certain known and perhaps other,

as yet unmapped, pathogenic T-cell epitopes of Tg cannot be encoded

by the truncated isoform(s) of intrathymic Tg mRNA. These findings

also imply that central tolerance to endogenous Tg produced by thymic

epithelial cells may be incomplete.
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transcription–polymerase chain reaction (RT–PCR) and

other detection methods, have demonstrated promiscuous

intrathymic Tg gene expression in rats,15 mice3 and

humans.16 In contrast, Mor et al.17 could not find evi-

dence for intrathymic expression of Tg in rats by using

RT–PCR and primers that amplified the 532–832 bp frag-

ment. These apparently contrasting results, the large size

of the Tg molecule (2748 amino acids), and the expres-

sion of autoantigen isoforms in the thymus in other

animal models, prompted us to examine whether

intrathymic Tg gene detection by RT–PCR could be signi-

ficantly influenced by the choice of the gene region used

for primer design. In this effort, we used thymi of CBA/J

mice from birth to 12 weeks of age and the cDNA

sequences encoding the known pathogenic Tg peptides as

landmarks, because they are scattered over the whole

length of the Tg molecule. Tg gene detection in other

extrathyroidal tissues, such as liver, kidney and muscle,

was also investigated by using the same approach.

Materials and methods

Animals

Male CBA/J (H-2k) mice (at 6 or 12 weeks of age) or

breeding CBA/J pairs were purchased from the Jackson

Laboratories (Bar Harbor, ME). All animals were

maintained under standard (non-specific pathogen-free)

conditions.

Total RNA isolation, cDNA synthesis and RT–PCR

Freshly obtained thymus, thyroid, liver, kidney and mus-

cle tissues were homogenized using disposable RNase-free

homogenizers in Trizol Reagent (Life Technologies, Invi-

trogen, Paisley, UK) and total RNA was isolated accord-

ing to the manufacturer’s instructions. First-strand cDNA

was generated from 5 lg of total RNA in a 33-ll reaction
volume by using NotI-d(T)18 as primer and FPLCTM

Pure

murine reverse transcriptase (Amersham Bioscience, Little

Chalfont, Buckinghamshire, UK). PCR was performed in

50-ll reaction mixtures comprising 2 ll of cDNA, 5 ll of
10· PCR buffer (Life Technologies), 2 ll of 50 mm MgCl2
(Life Technologies), 0�4 ll of 25 mm dNTPs (Gibco,

Rockville, MA), 1�5 ll of forward primer (10 pmol/ll),
1�5 ll of reverse primer (10 pmol/ll), 0�2 ll of Platinum-

Taq DNA polymerase (Life Technologies) and 37�4 ll of
nuclease-free water. The cycling conditions were as fol-

lows: initial denaturation at 94� for 5 min; followed by 35

cycles of denaturation at 94� for 1 min, annealing at 55�
for 1 min and extension at 72� for 1 min; and a final

extension at 72� for 10 min. The reactions were run on a

Perkin-Elmer thermocycler (Cetus, Norwalk, CT). All Tg

primers (Table 1) were designed to contain the KpnI and

XbaI restriction sites at the 50 and 30 ends, respectively,

and were synthesized by Integrated DNA Technologies,

Inc. (Coralville, IA). PCR products were separated on 3%

or 1�5% agarose gels, and were visualized by staining with

ethidium bromide. The relative intensity of the cDNA was

Table 1. The sequences of polymerase chain reaction (PCR) primers used in this study

Peptide/

fragment

Amino acid

co-ordinates

Base pair

co-ordinates Forward primer1 Reverse primer1
Product

size (bp)

p1 1–12 1–36 AGGGTACCAACATCTTTGAG TGTCTAGAGGGGCGGAGTGG 58

p306 306–320 916–960 AGGGTACCGATGGTCACTACCAA TGTCTAGACTGGGCATCCACACA 79

p1579 1579–1591 4735–4773 AGGGTACCGACTCCCCGCTGGTG TGTCTAGAGAAGCTGCAGGCCTC 72

p1672 1672–1711 5014–5133 AGGGTACCCAGAAGAGCTTCGAA TGTCTAGAACAGCAGGAATCATT 154

p1826 1826–1836 5476–5508 AGGGTACCGACTTTCCAGGAGAT TGTCTAGAGGTAATGTCCACAGG 67

p2102 2102–2116 6304–6348 AGGGTACCAGTAACTTCTCCATG TGTCTAGAAAGGCAGTCCTGGTG 79

p2340 2340–2359 7018–7077 AGGGTACCCTGCTGGACCAAGTG TGTCTAGATGTCACACGCTGAGG 94

p2494 2494–2510 7483–7533 CGGGTACCATGGGGCTTATCAATAG CGTCTAGATCAGCCTTGGCTCTCTT 73

p2549 2549–2560 7645–7680 AGGGTACCTTGGAGCACTCCACA TGTCTAGAGGCATTCTCCAGTGC 70

p2596 2596–2608 7786–7824 AGGGTACCCCCGAAAGCTATGGC TGTCTAGAAAAAGCATATTGAAC 73

p2695 2695–2713 8083–8136 CGGGTACCATGTGCTCCTTCTGGT CGTCTAGATCATGCATCCTTGGCTC 82

p2730 2730–2743 8188–8229 AGGGTACCGTTGGACCTGGATTA TGTCTAGATTTGCTGTAGCTCTT 82

A 306–520 916–1560 AGGGTACCAACATCTTTGAG TGTCTAGACTTCTCAGACACACG 645

B 516–745 1546–2235 ATGGTACCCGTGTGTCTGAGAAG TGTCTAGAAGAGGCACTGCACTGAGG 690

C 741–980 2221–2940 AGGGTACCCCTCAGTGCAGTGCC TGTCTAGACTGAGCAGCCAAGCG 720

D 976–1225 2926–3675 AGGGTACCCGCTTGGCTGCTCAG TGTCTAGACTGCTGAACAGTCGT 750

E 1221–1435 3661–4305 AGGGTACCACGACTGTTCAGCAG TGTCTAGAAGCATCCTGTCTGGT 645

F 1436–1711 4306–5133 AGGGTACCCTGGGCTGTGTGAAA TGTCTAGAACAGCAGGAATCAT 828

b-actin – – GCTCTTTTCCAGCCTTCCTT CTTCTGCATCCTGTCAGCAA 177

1All primers are given in the 50 to 30 direction; the underlined sequence is the KpnI site in the forward primer and the XbaI site in the reverse

primer.
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quantified by chemiimager 4000 software (Alpha Inno-

tech, Corp., San Leandro, CA). Relative expression was

calculated as the ratio of the relative optical density of the

Tg fragment to that of the b-actin in the same sample and

under similar conditions of amplification.

Results

mRNA encoding two out of 13 pathogenic
Tg peptides is undetectable in the thymus

The expression of mRNA encoding each known patho-

genic peptide of Tg was first determined by RT–PCR in

the thyroid, thymus and muscle tissues of 12-week-old

CBA/J mice. As expected, mRNA encoding all 13 Tg

peptides was abundantly expressed in the thyroid. How-

ever, the mRNA transcripts for two peptides, p1 (amino

acids 1–12) and p1579 (amino acids 1579–1591), were

undetectable in the thymus (Fig. 1). An identical mRNA

expression profile for all Tg peptides under investigation

was obtained with thyroid and thymus tissues from new-

born, and from 2-, 6- and 12-week-old CBA/J mice

(results not shown), suggesting that these data did not

reflect any temporal influences on expression. None of

the 13 mRNA transcripts was detected in muscle (Fig. 1)

and this was also confirmed at all the above time-points

tested (results not shown).

Relative expression of mRNA encoding Tg peptides
among various tissues

Using the same set of primers, we subsequently deter-

mined the relative expression of the Tg peptide mRNA in

thyroid, versus thymus, liver and kidney, by using mRNA

from b-actin as a reference. As expected, the Tg mRNA

transcripts were most prevalent in the thyroid gland, with

their relative expression ranging from 33�6 ± 19�8% for

p1 to 144�3 ± 49�1% for p306 (Fig. 2), perhaps reflecting

the relative efficiency of the selected primer pairs for each

region. mRNA transcripts for all tested sequences also

showed a lower and variable expression in thymus, liver

and kidney, except for the mRNA transcripts for p1 and

p1579, which were detected only in the thyroid. These

results (summarized in Fig. 3) suggest the presence of Tg

isoforms in extrathyroidal tissues, including the thymus,

that are truncated at the 50 end (within the 1–915-bp seg-

ment) and carry internal deletion(s) within a large frag-

ment spanning bp 961–5013.

mRNA encoding a large Tg fragment (bp 961–5013)
is undetectable in the mouse thymus using RT–PCR

To determine the approximate boundaries of a potential

deletion between bp 961–5013 in intrathymic Tg mRNA,

we used six pairs of overlapping primers to amplify,

by RT–PCR, six 600–800 bp segments (A to F) spanning

the 916–5133 bp region, as shown in Fig. 4(a). It was

found that mRNA encoding all six Tg segments was pre-

sent in the thyroid, but absent in the thymus of the same

donor (Fig. 4b). These data strongly support the lack of a
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Figure 1. mRNA sequences encoding two pathogenic thyroglobulin

(Tg) peptides (p1 and p1579) are detectable in the thyroid but not

in the thymus of CBA/J mice. Data are representative of individual

samples from five mice. mRNA from muscle tissue was used as a

control. *The expression of mRNA encoding the 13 known patho-

genic Tg peptides was assessed in 12 tracks because the p2494 mRNA

sequence codes for two overlapping pathogenic peptides: 2495–2503

and 2498–2506.12
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Figure 2. Relative expression of mRNA encoding pathogenic thyro-

globulin (Tg) peptides in various tissues of CBA/J mice. The results

are expressed as the mean value ± standard deviation (SD) obtained

from two or three mice.
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potentially large (4 kb) sequence segment within the 961–

5013 bp segment of intrathymic Tg mRNA.

Discussion

In this study, we tested the intrathymic expression

of mRNA encoding 13 pathogenic peptides scattered

throughout the length of the large Tg autoantigen. It was

found that mRNA encoding the N-terminal peptide p1

(amino acids 1–12) and the peptide p1579 (amino acids

1579–1591) towards the middle of the molecule, was

detectable in the thyroid, but not in the thymus. In con-

trast, mRNA encoding all other peptides was easily detect-

able in both organs. Overlapping primer pairs, spanning

the 916–5133 bp region, were subsequently found to simi-

larly amplify RT–PCR products of the expected size in

thyroid, but not in thymic tissue. These results suggest

that Tg mRNA in the mouse thymus exists as an iso-

form(s) with a potentially large (4 kb) deletion, but it

remains unclear whether this mRNA comprises one or

more truncated and/or differentially spliced species.

Our findings caution against using primers from ran-

dom Tg sites to study extrathyroidal Tg gene expression

by RT–PCR. Also, they indicate that apparently contrast-

ing observations of other investigators on this issue may

be explained on the basis of the Tg mRNA segment cho-

sen for amplification. Heath et al. have reported intra-

thymic Tg gene expression in male PVG rats using

primers amplifying the 7597–8241 bp fragment,15 whereas

Mor et al. have not been able to detect Tg mRNA in

thymocytes of Lewis rats17 with primers amplifying the

532–832 bp segment, close to the N terminus of the

molecule. Furthermore, differential Tg transcripts between

species may preclude RT–PCR-based extrapolations from

mice to humans in regard to intrathymic Tg expression.

For example, Spitzweg et al.16 detected Tg gene expression

in human thymus using primers amplifying the 4464–

5146 bp region, whereas we have been unable to detect

Tg in mouse thymus via amplification of the 4735–

4773 bp segment (encoding p1579), which is localized

within the above region.

The presence of intrathymic Tg isoforms may have

implications for mechanisms of central tolerance to Tg, as

negative selection may not occur against dominant T-cell

epitopes if they map within regions not represented in

the thymus. Also, the hierarchy of immunodominance,

resulting from the processing of intrathymic Tg, may be

different from that of the peripheral Tg. To date, all

known pathogenic T-cell epitopes in Tg have been classi-

fied as non-dominant,12 and some are known to be pro-

duced in vitro under certain conditions, e.g. after the

processing of Tg–antibody immune complexes18 or the

processing of highly iodinated Tg.19 It is not known,

however, to what extent non-dominant T-cell epitopes

can be generated in the thymus from endogenous Tg pro-

duced in thymic epithelial cells3,15 or blood-borne Tg

molecules that leak from the thyroid in small amounts.20

One, therefore, cannot draw correlates between the pres-

ence of intrathymic mRNA encoding a non-dominant Tg

epitope and the immunogenicity of this epitope, as has

been performed with dominant peptides in other sys-

tems.11 For example, the Tg peptide (p1) whose mRNA is

undetectable in the thymus, has been found to be weakly

immunopathogenic.21

Our results confirm those of previous studies report-

ing Tg gene expression in mouse – as well as human –

kidney.22 On the other hand, it is not clear to what extent

the detection of Tg mRNA transcripts in the liver is

caused by the presence of contaminant leukocytes,

because it has been reported that Tg is expressed in blood

cells.23 Nevertheless, it is intriguing that the extrathyroidal

expression patterns of various Tg transcripts in our

study is similar among thymus, liver and kidney, i.e. they

indicate a lack of segments within the 1–915 bp and

961–5013 bp regions, spanning exons 1–7, and 9–22,

respectively. This concordant pattern of amplicon expres-

sion and the number of amplicons examined also sup-

ports the view that they originate from Tg mRNA,

although this has not been formally shown by sequencing

data. The possibility of an in situ production of Tg pro-

tein in the kidney has been raised previously,22 but the

functional properties, if any, of extrathyroidal Tg remain

unknown. Tg has been reported to possess an intrinsic

cAMP-dependent protein kinase activity, and it may auto-

phosphorylate serine residues in vitro.24,25 The catalytic or

ligand-binding activity of Tg probably lies with two

motifs comprised of amino acid residues 154–160 and

468–475, i.e. sites which, as our data indicate, may be

missing in extrathyroidal Tg.
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Figure 4. A large fragment (bp 961–5013) of thyroglobulin (Tg)

mRNA transcript is undetectable in mouse thymus. (a) A series of

overlapping primers were designed and used in reverse transcrip-

tion–polymerase chain reaction (RT–PCR) to amplify the Tg mRNA

fragment encoding the amino acid sequence from p306 to p1672.

(b) Visualization of PCR products in a 1�5% agarose gel stained with

ethidium bromide. Td, thyroid; Tm, thymus.
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