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PROTEIN GLYCOSYLATION

Chaperone mutationin Tn syndrome

Tn syndrome is a rare autoimmune disease in
which subpopulations of blood cells in all lin-
eages carry an incompletely glycosylated mem-
brane glycoprotein, known as the Tn antigen.
This truncated antigen has the sugar N-acetyl-
galactosamine «-linked to either a serine or
threonine amino-acid residue'”?, whereas the
correct T antigen has an additional terminal
galactose; the defect may be due to a malfunc-
tion of the glycosylating enzyme T-synthase™.
Here we show that Tn syndrome is associated
with a somatic mutation in Cosmc, a gene on
the X chromosome that encodes a molecular
‘chaperoné that is required for the proper fold-
ing and hence full activity of T-synthase’. The
production of the autoimmune Tn antigen bya
glycosyltransferase enzyme rendered defective
by a disabled chaperone may have implications
for other Tn-related disorders such as IgA
nephropathy, a condition that can result in
renal failure,

We used whole blood from two male donors
with Tn syndrome (C.C. and C.L.) and from
25 healthy donors {male and female) with a
total of 33 Cosmic alleles between them. T-syn-
thase activity in whole-blood cell extracts
from C.C. and C.L. was significantly lower
{decreased by more than 60%) than that in
control samples. Tn antigens, and Tn antigens
carrying additional sialic acid sugar residues,
were present on erythrocytes and leukocytes
from C.C. and C.L., but not on blood cells
from healthy donors.

The T-synthase gene (T-syn; chromosome
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position, 7pld-p13) contains three exons’,
whereas Cosmic has a single exon of 954 base
pairs (chromosome position, Xq23)". To deter-
mine whether the defective T-synthase activ-
ity in C.C. and C.L. might be correlated with
mutationsin these genes, we sequenced Cosmc
and T-syn from whole blood cells. T-syn
sequences were normal for all donors, but
Cosme sequences from C.C. and C.L. were
mosaic, containing both normal and mutated
sequences. Cosmic from C.C. has a substitution
at nucleotide 202 that gives a premature stop
codon instead of an arginine residue at posi-
tion 68, and a polymorphism at nucleotide 393
that causes a conservative change from aspar-
tate to glutamate at position 131; Casmc from
C.L. is mutated at nudeoctide 454 to give lysine
instead of glutamate at position 152 (Fig. 1a,
and see supplementary information ).

We found that the mutation at nucleotide
202 occurred in 6 of 14 Cosme clones from
C.C. and that the change at nucleotide 393 was
present in all 14 of his clones; C.Ls nucleotide
454 mutation occurred in 6 of 8 clones. As
Cosme iz X-linked and the two donors are
male, these Cosmc sequences must be mutated
in only a subset of blood cells in both. Normal
Cosmc sequences from the 25 healthy donors,
representing 33 alleles, were identical®. The
mutation in Cosme found in the two donors
with Tn syndrome is statistically significant
{P< 0.01 in Fisher’s exact test).

T-synthase activity relies on coexpression
with Cosmec’, so to test the effect of the Cosmc
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Figure1| Effect of Cosmc mutations on fundctional activity inpatients with Thsyndrame. a,

comparison of newly

synthesized wild-type Cosmc, which is a protein of the endoplasmic reticulum that

acts as a molecular chaperone for T-synthase (T-syn), with the mutated forms in patients C.C. and C.L.
(arrows indicate mutation sites). b, Effect of coexpression of wild-type (W T) or mutant forms (C.C.,

+ 393T+=A or 4 202C+T; C.L., +454G-+=A, where notation numbering indicates the nucleotide
nrutation site and standard letter notation is used for the bases) of Cosme on the activity of T-syn.
Plasmids encoding these Cosmc variants were constructed and baculoviruses prepared in S£-9 cells® (for
methods, see supplementary information). Insect Hi-5 cells were infected with baculovirusesencoding
human soluble HPC4-tagged recombinant T-syn and Cosmc, as indicated. Top, T-syn activity in cell
medium was measured in triplicate | = s.e.m.); bottom, western blots of protein in cell medium using
mouse anti-HPC4 monoclonal antibody (IgG1) to detect HPC4-tagged recombinant T-syn, and blots of
protein in cell extracts using chicken anti-human Cosmc polyclonal antibody (Ig¥ ) to detect Cosmec.
Migration positions of T-syn (M, about 40K) and Cosmc (M, about 37K) are indicated by arrowheads.
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mutations on the chaperones function, we
expressed recombinant Cosme (wild type and
mutants) together with T-syn in the insect cell
line known as Hi-5 (Fig. 1b). As expected, co-
expression of T-syn with Cosmc from C.C. that
had the conservative amino-acid substitution
{thymine-to-adenine polymorphism at macleo-
tide 393) gave normal T-synthase activity.
However, coexpression with C.C’s truncated
mutant Cosme {cytosine changed to thymine at
nudeotide 202) gave less than 10% of the T-syn-
thase activity associated with wild-type Cosmc,
and no activity was detectable with C.L%s
Cosmc mutant. Expression of recombinant
T-syn in Hi-5 cells was equivalent in all cases.
These results indicate that the specific
mutations in Cosmc from patients with Tn
syndrome cause it to lose its chaperone func-
tion. We confirmed by western-blot analysis
that Cosmc protein was normally expressed
from complementary DNA encoding wild-
type Cosmc or C.Cs polymorphic Cosmc.
By contrast, C.C’s truncated 68-amino-acid
Cosmc was not detected, although C.Lks
mutant Cosme, which had no chaperone
activity, was detected and was normal in size.
It has been suggested that Tn syndrome is
clonal and somatic®®. Our findings indicate
that a somatic mutation in Cesmc in a sub-
population of multipotential haematopoietic
stem cells in patients with Tn syndrome
inhibits its chaperone activity and leads to
inactivation of T-synthase and the expression
of the autoimmune Tn antigen on blood cells
of all lineages. This discovery may provide
insight into the molecular basis for other
To-related disorders, such as IgA nephro-
pathy® and Henoch-Schénlein purpura®, in
which somatic mutations in Cosme in
haematopoietic precursors could contribute
to disease aetiology.
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