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Identity protein interacting domains: Tec homology (TH)
region, Src homology 3 (SH3) domain and SH2
Other names; AGMX1; AT; ATK:; BPK: IMD1; domain. A tyrosine-kinase catalytic domain is |lecht
M GC126261; MGC126262;: PSCTK1; XLA at the C-terminal end. Two tyrosine phos-phorylatio
HGNC (Hugo): BTK sites are located at the positions Y223 and Y55%f¢hw
Location: Xg22.1 are located in the SH3 and kinase domain, respeygtiv

Both phosphorylation sites play a pivotal role et
activation of BTK. Y551 is transphosphorylated bk S
(or Lyn) kinases which promotes the catalytic dttiv
of BTK, with subsequent autophosphorylation at
position Y223.

DNA/RNA Expression

BTK is expressed in all cell lineages of the hemato

Note

BTK (Bruton's tyrosine kinase) is a cytoplasmic non
receptor protein tyrosine kinase that is esseiftiaB
cell maturation in humans and mice.

Description poietic system, except for T cells. Therefore BTK
The gene spans over 36 kb and is composed of 19 expression is found in B lymphocytes, platelets,
exons, both in human and mouse. erythroid and myeloid cells (monocytes, macrophs,-ge
Transcription granulocytes and dendritic cells). Within the Blcel

lineage, BTK is already expressed in the earliest
detectable B cell precursors, and expression is
downregulated in plasma cells.

The transcript is about 2,573 bps in human and tabou
2,477 bps mice and has UTR regions in exons 1d2 an

19. A
) Localisation

Protein The protein is predominantly localized in the

- cytoplasm. BTK activation upon receptor signaling
Description results in translocation of BTK protein from the
The BTK protein is a 77 kDa protein of 659 amino cytoplasm to the membrane. The membrane association
acids. Translation of the BTK transcript startstla of BTK is dependent on the interaction of its PH
ATG site that is located in exon 2 and ends in €k@n domain with PIP3 (phosphatidylinositol (3,4,5)-
The BTK protein is composed of an N-terminal trisphosphate), which is a second messenger that is
Pleckstrin homology (PH) domain followed three synthesized from PIP2 by PI3K (phospho-inositide-3

kinase).
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Signaling cascade

Hendriks RW, van Loo PF

Cell type

(Pre-)B cell receptor
CD38

TRAIL-R1

Epo Receptor

Glycaoprotein (GP) Ib-1X-V complex, GPVI

IL-5R

IL-6R gp130

IL-10R

FceR

TLRZ (MyD88 adapter-like {(Mal))
TLR4 - LPS (Mal)

CCLS

CXCL12 (SDF1)

RANK

CD303 (BDCA2)

B cells

Activated B cells

Erythroid cels

Erythroid cells

Platelets

B cells, eosinophils, basophils
Activated B cells, plasma cells
Activated T and NK cells
Mast cells, basophils
Macrophage, DC

Phagocytic cells, DC
Microglia (brain)

B cells

Osteoclasts

pDC

Table 1: BTK dependent receptor signaling cascades.

The translocation to the membrane brings the BTK
protein in close proximity to the Lyn en Syk kinase
that transphosphorylate BTK at tyrosine Y551. The
E41K gain-of-function BTK mutant, in which the E41
residue is mutated in to a lysine residue, marsfest
increased membrane localization in quiescent cells,
independent of PI3K activity, probably resultingrfr
increased affinity for PIP2. Transforming activity
kinase-domain dependent and is potentiated by
introduction of a second mutation at position Y223.

Function

BTK is a signaling mediator downstream of a variaty
receptors in several different cell types (listadTable
1) including the B cell receptor (BCR).

Homology

BTK belongs to the TEC family of cytoplasmic
tyrosine kinases. This family is composed of TEC,
BTK, TXK/RLK, ITK/EMT, and BMX. Btk is highly
conserved between mouse and human.

Implicated in

Pre-B cell tumors

Note

Truncated BTK forms
leukemia.

BTK is constitutively phosphorylated by the onco-
genic BCR- ABL1 fusion product. Inhibition of BTK
activity specifically induces apoptosis in BCR-ABtL.1
leukemia cells to a similar extent as inhibitionBER-
ABL1 kinase activity itself. BCR-ABL1 cannot dirégt
bind to full-length BTK, but induces the expressaira
truncated BTK splice variant that acts as a linker
between the two kinases. Thus, truncated BTK esable
BCR-ABL1-dependent activation of full-length BTK,
which initiates downstream survival signals and ognm
pre-B cell receptor signaling.

Defective expression of BTK in acute lympho-blastic
leukemia (ALL)

in human BCR-ABL1 +
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In an analysis of BTK protein and mRNA expression i
infant B-lineage leukemia cells variable but often
reduced levels of BTK expression was found. RT-PCR
revealed the presence of aberrant transcripts which
would encode BTK proteins with either a deletecaor
truncated kinase domain. In infant pre-B MLL-AF4+
leukemia cells full-length BTK was detectable inyon
half of the cases, whereas in ALL cells harboritigeo
fusion genes (including BCR-ABL1, E2A- PBX1 and
TEL- AML1) full-length BTK was typically co-
expressed with kinase-deficient variants. Thusk lafc
BTK or expression of dominant-negative BTK splice
variants in B cell precursor leukemia cells canibith
differentiation beyond the pre-B cell stage andtgrb
from radiation-induced apoptosis.

Btk as a tumor suppressor in pre-B cell leukemia in
mice

Expression of the pre-B cell receptor (pre-BCRYtea
to activation of the adaptor molecule SIp65 (also
termed Bash or Blnk) and Btk. Spontaneous pre-B cel
leukemia development in Slp65-deficient mice
demonstrate that Slp65 acts as a tumor sup-pressor.
Slp65 and Btk have a synergistic role in the
developmental progression of large cycling into lkma
resting pre-B cells. Btk/SIp65 double mutant miewé

a dramatically increased pre-B cell tumor incidence
(approximately 75%, 16 wk of age), as compared with
SIp65 single deficient mice (<10%). Therefore, Btk
cooperates with SIp65 as a tumor suppressor irBpre-
cells. Moreover, transgenic expression of a cantste
active form of Btk, the E41K-Y223F mutant, prevehte
tumor formation in Btk/SIp65 double mutant mice,
indicating that constitutive active Btk can suhgétfor
SIp65 as a tumor suppressor. Using a kinase-irectiv
K430R-Btk mutant, it was shown that Btk exerts its
tumor suppressor function in pre-B cells as an tmtap
protein, independent of its catalytic activity.
Furthermore, loss of Btk and Tec increases the tumo
frequency in Ex-myc transgenic mice, expressingthe
myc oncogenic transcription factor that promotethbo
proliferation and differentiation.
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X-linked agammaglobulinemia (XLA).

Note

In 1993 BTK was identified as the gene defectivéhim
human immunodeficiency disease X-linked
agammaglobulinemia (XLA). The XLA disease, which
was first described by Dr. O.C. Bruton in 1952, is
characterized by protracted and recurrent bacterial
infections.

Clinical manifestations of XLA

XLA Patients have less than 1% of the normal number
of peripheral B cells. Serum levels of all Ig ckesare
very low due to the lack of plasma cells in the
secondary lymphoid organs. In XLA patients, B cell
development is almost completely arrested at tieeBor
cell stage: the pre-B cell fraction mainly consisfs
small cells, suggesting that Btk is necessary Hfirt
proliferative expansion. Heterozygous female XLA
carriers do not have clinical or immunological
symptoms, but manifest a unilateral X chromosome
inactivation in the peripheral blood B lymphocyte
population, because of a selective disadvantageltsf
that have the defective Btk gene on the active X
chromosome. In contrast to XLA, Btk-deficiency et
mouse, termed X-linked immunodeficiency (xid), is
asso-ciated with a very mild early B cell developiaé
block, but with impaired maturation and poor suaViv
of peripheral B cells. XLA is a hetero-geneous dsse
even within single families and no correlation bagn
observed between the position of the mutation and
phenotypic variables, such as age at time of disigno
or severity of the clinical or immunological sympts.
Therefore, this hetero-geneity might be relatedtter
genetic or environmental factors.

Mutations in BTK gene that cause XLA

The BTK mutations that have been identified in XLA
patients compromise BTK function either throughsgro
structural changes (such as deletions or alteretipr
folding) or through specific loss of functionally
relevant residues. Strikingly, none of the foundua
missense mutations found in XLA patients is located
the SH3 domain of BTK, which harbors the Y223
tyrosine residue. An international registry for XLA
(http://bioinf.uta.fi/BTKbase/) shows that mutatsom

all domains of the BTK gene cause the disease.
Approximately 80-90% of the patients that have
agammaglobulinemia patients have a deficiency ef th
BTK protein. The other about 15% of the
agammaglobulinemia cases are caused by defects in
autosomal genes such as the constant region of
immunoglobulin (Ig) heavy chain}5, (IGLL), Iga
(CD79a), Ig (CD79b), or SLP65 (BLNK) resemble
the clinical manifestation of XLA.
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