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ABSTRACT

KinMutBase (http://www.uta.fi/imt/bioinfo/KinMutBase/ )
is a registry of mutations in human protein kinases
related to disorders. Kinases are essential cellular
signaling molecules, in which mutations can lead to
diseases, including immunodeficiencies, cancers and
endocrine disorders. The first release of KinMutBase
contained information for protein tyrosine kinases.
The current release includes also serine/threonine
protein kinases, as well as an update of the tyrosine
kinases. There are 251 entries altogether, representing
337 families and 621 patients. Mutations appear both
in conserved hallmark residues of the kinases as well
as in non-homologous sites. The KinMutBase WWW
pages provide plenty of information, namely mutation
statistics and display, clickable sequences with muta-
tions and changes to restriction enzyme patterns.

INTRODUCTION

The human genome has been estimated to encode for ~2000
protein kinases. These enzymes catalyze protein phosphory-
lation: the transfer of a phosphate group to serine, threonine,
tyrosine, arginine or histidine residues of the target molecules.
Protein phosphorylation constitutes one of the most frequent
post-translational modifications of structural and regulatory
proteins. Maybe about one third of the cellular proteins are
phosphorylated at some stage. The activity of kinases is finely
regulated by phosphorylation/dephosphorylation and inter-
actions with other molecules. Abnormal phosphorylation is
observed in numerous pathological situations including endocrine
disorders, cancers, immunodeficiencies and cardiovascular
diseases.

Defects in protein kinases have been implicated behind a
number of diseases and knowledge of these disorders is of
great clinical interest. Mutations can be either activating or
inactivating in nature. Activating mutations turn the enzymes
constitutively on, leading to constant activation of certain
signaling cascades. These kind of oncogenic diseases are often
observed in tumors. Inactivating mutations block signaling
pathways and thereby prevent cells from responding to certain
stimuli. In many cases the inactivation is not so severe,
presumably due to redundant activities of related kinases.

Certain kinase knock-out mice do not present any phenoty
indicating redundancy in signaling pathways. In som
instances, however, overlapping activities do not exist.

In order to facilitate the analysis of disease-causing prot
kinase mutations, information has been extracted from
literature and compiled into a database, KinMutBase. Disea
present in the database include carcinomas, immu
deficiences and endocrinological disorders. Common to
these diseases is the association with mutations in the kin
domain of a protein kinase. A listing of the kinases so f
implemented in KinMutBase can be found in Table 1.

The most studied of all the kinases harboring disease-cau
mutations are protein tyrosine kinases (PTKs) Bruton’s tyros
kinase (Btk) and insulin receptor kinase (Irk). Mutations in B
prevent B cell maturation and production of immunoglobulin
in X-linked agammaglobulinemia (XLA) (1–3). KinMutBase
is directly linked to BTKbase, the registry of XLA-causing
mutations. Mutated insulin receptor kinase (IRK) is in charg
of non-insulin dependent diabetes mellitus (NIDDM) an
insulin resistance (4,5). Jak3 has in addition to a kinase dom
(JH1) a kinase-like pseudokinase domain (JH2). Mutations
both the domains have been noted to cause severe comb
immunodeficiency (SCID) (6). ZAP-70 kinase domain mutation
also cause SCID (7).

Several mutated kinases are related to tumor developm
Ret mutations can be either activating or inactivating and cau
different disorders, namely Hirschprung’s disease, multip
endocrine neoplasia type 2 (MEN2) a and b, and medulla
thyroid carcinoma (FMTC) (8). MET mutations are connecte
to papillary renal carcinoma (HPRC) (9). The ser/thr-kina
(PSK) LKB1 has been linked to Peutz–Jeghers syndrome (1
and two other PSKs in the database, CDK4 and TGR2, are a
involved in tumor formation (11,12).

Kkit is a mast/stem cell growth factor receptor kinase, whic
is responsible for mastocytosis, systematic mast cell dise
and piebaldism when mutated (13,14). Another growth fac
receptor, FGFR3, is connected to hypochondroplasia, than
phoric dysplasia and skeletal dysplasia when mutated (15,1
The Coffin–Lowry syndrome (CLS), characterized by ment
retardation and progressive skeletal deformations has b
connected to the PSK RSK2 (17). The modified neurotroph
tyrosine kinase NTRK1 has been shown to be responsible
congenital insensitivity to pain with anhidrosis (CIPA) (18
Vascular dysplasia and errors in vascular morphogenesis h
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been connected to kinase domain mutations in the ser/thr-kinases
KIR3 and TIE2 (19,20).

Two of these kinases, the PTK Btk and the PSK PAK3 have
been shown to cause X-linked diseases, XLA and X-linked
mental retardation, respectively (1–3,21). The X-linked nature
of the diseases greatly simplifies the analysis of the genetics
and structural bases for the diseases.

KinMutBase

KinMutBase contains information about disease-causing
protein kinase domain mutations. The current version contains
data about tyrosine and serine/threonine kinases. The data has
been compiled from literature except for Btk and Jak3 mutations,
which were extracted from BTKbase (22) and JAK3base
(M.Vihinen, A.Villa, P.Mella, R.F.Schumacher, J.J.O’Shea,
F.Candotti and L.Notarangelo, submitted), respectively.

The database contains the following information for each
mutation. The identification and plain English description of
the mutation is followed by reference and formal characterization
of the mutation. The same mutation may have occurred several
times. The frequency of mutations, as a number of affected
patients and families, is included to facilitate statistical analyses.
MEDLINE and OMIM (23) links are included when available,
as well as links to BTKbase and JAK3base. Mutations are also
linked to reference sequences at genomic, cDNA and amino
acid level, depending on availability.

Mutation data can be submitted to KinMutBase by filling in
a questionnaire on the web pages. The program writes the data
into the database format. However, new entries are added only
after curator inspection. KinMutBase includes several features

for the analysis of the effects of mutations. The localization
the mutations can be displayed separately for each kinase
simultaneously for all of them. By clicking the figures th
mutation(s) affecting certain positions are listed. This can
performed either at genomic, cDNA or amino acid leve
Several tables provide information about the distribution
mutations. Several clickable pages are related to restrict
patterns and modifications in them. These analyses include
the restriction enzymes in the latest version of REBASE (24

CONCLUSIONS

There are currently 251 mutations in the database (Table
representing 621 patients in 337 unrelated families. About h
of the mutations (123) appear in Btk, the most extensive
studied kinase with disease causing alterations (2). A signific
number of mutations have been found also in the Irk, Kit, M
and Ret kinases, as well as in the PSKs LKB1 and RSK2. M
of the kinases contain mutational hotspots, sites where mutat
have been identified several times. In Btk and in many oth
diseases such sites are in CpG dinucleotides, which gener
have pyrimidines 5� and purines on their 3� side (25). The total
number of different mutations in Ret is much lower than, f
example, in Btk, but a single site, M918, harbors by far th
greatest number of mutations. The M918T mutation, whi
accounts for almost all MEN2B cases, has been shown to oc
on the paternal chromosome (26). The exact number of unrela
Ret families is not possible to determine based on t
published articles. The same also applies to some other ca
The numbers of families in the database include only those t
can be verified from the literature.

Table 1. Distribution of unique mutations/unrelated families/patients in kinase domains of protein kinases

Kinase Missense Nonsense Insertion Deletion Total

Protein tyrosine kinases

Btk 62/102/120 21/37/42 10/8/10 30/30/33 123/147/205

FGFR3 6/41/43 1/1/1 – – 7/42/44

IRK 12/15/22 – – 1/2/2 13/17/24

JAK3 1/1/1 1/1/1 – 1/1/1 3/3/3

KIT 8/10/13 – 1/2/2 2/2/4 11/14/19

MET 9/10/10 – – – 9/10/10

NTRK1 6/6/8 – – 1/2/4 7/8/12

RET 21/25/150 1/1/1 – – 22/26/151

ZAP 1/1/1 – 1/2/2 1/1/1 3/4/4

TIE2 1/2/65 – – – 1/2/65

Protein serine/threonine kinases

PAK3 – 1/1/4 – – 1/1/4

LKB1 9/9/9 6/6/6 6/8/8 2/2/2 23/25/25

KIR3 4/4/18 – – – 4/4/18

CDK4 3/13/16 – – – 3/13/16

TGR2 5/5/5 – – – 5/5/5

RSK2 7/7/7 6/6/6 – 3/3/3 16/16/16

Total 155/251/488 37/53/61 18/20/22 41/43/50 251/337/621
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The distribution of mutations in Btk is similar to many other
diseases with respect to mutation types. In the other kinases,
missense mutations dominate and nonsense mutations, for
example, are clearly underrepresented. This can be due to
several reasons, e.g., due to detection methods used. In Jak3, a
number of mutations affect also the inactive pseudokinase
domain. The majority of these are deletions, which affect the
folding of the whole protein, but there are also some missense
mutations.

The structural basis for the kinase related diseases have been
studied in the case of Irk (27), Btk (16,28–30) and Jak3
(M.Vihinen, A.Villa, P.Mella, R.F.Schumacher, J.J.O’Shea,
F.Candotti and L.Notarangelo, submitted) by using crystal
structures and molecular modeling. Some of the mutations
affect the conserved hallmark residues, but there are also
numerous alterations in non-conserved residues. The structural
consequences range from impaired folding to catalytic or
substrate-binding mutations to alterations in sites forming
contacts with other domains or ligands.

CITATION

Users of KinMutBase are asked to cite this article in their
publications, including the URL http://www.uta.fi/imt/bioinfo/
KinMutBase

DISTRIBUTION OF THE DATABASE

The database is available on the WWW. Researchers are asked
to submit new mutations preferably by using the form in the
KinMutBase WWW pages or contacting the database curators.

SUPPLEMENTARY MATERIAL

See supplementary material available at NAR Online.
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