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I VA S 4 SRC-1, a non-receptor type of protein tyrosine kinase, controls the
direction of cell and growth cone migration in C e/egans
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Src family tyrosine kinase (SFK) has been implicated in the regulation of cell adhesion and migration during
animal development. Here I show that SRC-1, an orthologue of SFK, plays an essential role in directing cell
migration in Caenorhabditis elegans. The mutation in the src-1 gene results in defective distal tip cell
(DTC)-directed gonad morphogenesis in an activity-dependent and DTC cell-autonomous manners. In the src-I
mutants, DTCs fail to turn and continue their centrifugal migration along the ventral muscles. The effect of the
src-1 mutation is suppressed by mutations in genes that function in the CED/Rac pathway, suggesting that
SRC-1 in DTCs is an upstream regulator of a Rac pathway that controls cytoskeletal remodeling. In the sre-7
mutant, the expression of unc-4/metrin receptor is normally regulated, and either the precocious expression of
UNC-5 or the mutation in the unc-5 gene does not significantly affect the DTC migration defect. These data
suggest that SRC-1 acts in the netrin signaling in DTCs. The sre-I mutant also exhibits cell-autonomous
defects in the migration and growth cone path finding of Q neuroblast descendants AVM and PVM. However,
these roles of SRC-1 do not appear to involve the CED/Rac pathway. These findings show that SRC-1 functions
in responding to various extracellular guidance cues that direct the cell migration via disparate signaling

pathways in different cell types.
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HZE& 1%, Srcfamily kinase (SFK) ®#tH orthologue Td % SRC-1 DREREZfifdT L. MM E) & filizz i E ol
MR AR 7B E 2 L TWD Z BT Lz, #H sre-1l mutant (&, ZAEJEEIEAL A E < distal tip cell (DTC) @
BENC R MBI S, IEH 72 DTC B #121X SRC-1 O kinase {FMENMETH D Z & RWE LIz, & HIZ, sre-l
mutant TIIAFMROBEC, BRMETMORE MR S, SRC-1 HNHEBEO MO fe#H L T\D =
EEPIHMNC LT, 72, SRCLICHERT 20 FDOA 2V —=27 2470 Wnt > 7 F /LK CTdh 5 PRKL-1 %
FELTHY . SRC-1 & Wnt v 7 F & DREEMRZHZICBLELTEY, AEELZITDIETLLEXD,
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Carboxy-terminal Src kinase (Csk) is a negative regulator of Src family tyrosine kinases (SFKs) which play
pivotal roles in controlling cell adhesion, migration and cancer progression. To elucidate the in vivo role of Csk
in epithelial tissues, I conditionally inactivated Csk in squamous epithelia using the keratin-5 promoter/Cre-loxP
system in mice. The mutant mice developed apparent defects in the skin, esophagus and forestomach, with
concomitant chronic inflammation and epithelial hyperplasia. Analysis of primary keratinocytes showed that
the expression of mesenchymal marker proteins, matrix metalloproteinases (MMPs) and the proinflammatory
cytokine TNF-a were elevated in the mutant cell. These aberrant gene expressions could be suppressed by
anti-inflammatory reagent FK506 through inactivation of Calcineurin and NF k B pathway. Furthermore,
treatment with the anti-inflammatory reagent FK506 rescued hyperplasia in the mutant epidermis, indicating
that epidermal hyperplasia was associated with inflammation. Analysis of the susceptibility of Csk
hetero-mutant mice to two-stage skin carcinogenesis revealed that papillomas arose earlier and in greater
numbers compared with those of wild-type littermates did. It suggested that SFK activity was strictly
regulated by Csk and deregulation of them promoted papilloma formation. Histology of the mutant epidermis
revealed delayed differentiation and impaired cell-cell adhesion in the basal cell layers. Primary cultured
keratinocytes also showed defects in formation of cell-cell adhesion and cytoskeletal remodeling. Defective
cell-cell adhesion observed in mutant keratinocytes was found to be accompanied with irregular cytoskeletal
remodeling by altered Rac1/RhoA activity. In addition, mitotic defects were caused by downregulation of RhoA
activity in the mutant keratinocytes. Fluorescent resonance energy transfer analysis also showed that
Rac1/RhoA was activated at multiple places of cell periphery in the mutant keratinocytes, which might account
for the loss of cell polarity by Csk inactivation. These observations suggest that the SFK/Csk circuit plays
crucial roles in development and maintenance of epithelia by controlling cellular cytoskeletal organization, cell

polarity as well as phenotypic conversion linked to inflammatory events.
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HEsE 1L, AR F oL o7 —F 77 3 U —SFK OMFIAT Csk 2 REGAREERMIC ) v 7T 7 b L~
T AZRERL . FORBBBEBEEDORNT 21170 o7, TORER, Csk / v 7 77 MR, LW ERD
TNF- o X° MMP9 (2 L > CHHE SN D RE FTORIEICL > TREDBEENPEL D Z L & HICIEMELE 7z Racl
(&> THIRIERTERR DN T o 2N L, MRAMBEEERA 2L SR F L2 HnIc Lz, £ LT, 2R
BIFENATT VERIZE 5T, SFK/ICsk O 7 TSN ADERIEEIC TS LGS Z &R LT,

LI b, HEEEIC L DRI, RIFRE Sb SFKICsk ¥ 7L ENAE DD Y OERICSRNBDE LD THY .
FALORGIMHET D EEZBND,
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