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Expression of SPIG1 reveals development of a retinal
ganglion cell subtype  projecting to the medial

terminal nucleus in the mouse
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Visual information is transmitted to the brain by roughly a dozen distinct types of retinal
ganglion cells (RGCs) defined by a characteristic morphology, physiology, and central projections.
However, our understanding about how these parallel pathways develop is still in its infancy,
because few molecular markers corresponding to individual RGC types are available. Previously,
their group described the dorsal-rich expression of a clone, tentatively named D/Bsp1201 #1, in the
developing chick retina. D/Bsp120I #1 is a secretory molecule of unknown function, which is
composed of a follistatin (FS)-like domain, an extracellular calcium-binding (EC) domain, and two
immunoglobulin-like domains. Here he refers to this molecule as SPIG1 after SPARC (secreted
protein acidic and rich in cysteine)-related protein containing immunoglobulin domains.

In this study, he generated knock-in mice to visualize SPIGI-expressing cells with green
fluorescent protein (GFP). He found that the mouse retina is subdivided into two distinct domains
for SPIG1 expression and SPIGI effectively marks a unique subtype of the RGCs during the
neonatal period. In the pan-ventronasal domain, SPIGI-positive cells form a regular mosaic and
project exclusively to the medial terminal nucleus (MTN) of the accessory optic system (AOS) that
mediates the optokinetic nystagmus as early as P1. Their dendrites costratify with ON cholinergic
amacrine strata in the inner plexiform layer (IPL) as early as P3. These findings suggest that these
SPIGI-positive cells are the ON direction selective ganglion cells (DSGCs).

The spatial organization of the MTN-projecting cells in the pan-ventronasal domain was
quantitatively investigated by obtaining the density recovery profile (DRP) from P1 to P12. The
DRPs showed that these cells are apparently composed of two distinct but interdependent regular
mosaics depending on the presence or absence of SPIGI, indicating that they comprise two
functionally distinct subtypes of the ON DSGCs. The formation of the regular mosaic appears to
be commenced at the end of the prenatal stage and completed through the peak period of the cell
death at P6. He postulates that lateral inhibition of the cell fate decision and/or repulsive
interaction during the lateral migration are the major factors responsible for the formation of the
regular mosaics for the MTN-projecting RGCs, which are already observed at P1. After that
spatially selective death of neighboring homotypic cells between P3 and P6 contributes to the
completion of the mosaic. The latter is probably induced by an activity-dependent mechanism
after the establishment of dendritic stratification on the cholinergic strata at P3, which roughly
corresponds to the peak period of cell death (P2-P5).

To verify his speculation that SPIG1-positive RGCs in the pan-ventronasal domain
correspond to a functional subtype of ON DSGCs, electrophysiological recordings were performed
on the GFP-positive RGCs in the ventronasal region of the isolated whole-mount retina of
SPIGI#P* mice at P12. These cells showed ON-sustained responses to a full-field flashing light.
Next, direction selective responses of these cells were examined by collecting their responses to
drift of square-wave gratings in eight different directions. He found that these cells have
directional preference for the stimulus movement along the near-vertical axis, characterized by a
dramatic increase in impulse activity for dorsonasal to ventrotemporal movement and only a small,

—310—



attenuated response for movement in the opposite (null) direction. Thus, his study demonstrated
that SPIG1 marks a functional subtype of ON DSGCs during development, which responds best to
upward movements.

In contrast to the pan-ventronasal domain, SPIGI-positive RGCs are distributed densely in
the dorsotemporal domain. Their axons project to the dorsal lateral geniculate nucleus (dLGN),
superior colliculus, and AOS. He found that the dendrites of most GFP-positive RGCs in the
dorsotemporal domain were distributed throughout the IPL, suggesting that they are composed of
multiple types of RGCs.

SPIGI mRNA and gfp mRNA levels were explored by in situ hybridization of P10 brain
sections in the wild-type mice and heterozygous mice. The expression was prominent in the
glomerular layer and mitral cell layer of the olfactory bulb, purkinje cells in the cerebellum, the CA
region of the hippocampus, the granular cell layer of the dentate gyrus, and layer II of the entorhinal
cortex. GFP expression in the heterozygous mice thus faithfully reproduced the expression of
SPIGI. Expression of GFP in non-neuronal tissues of SPIGI®P* mice was also explored by
anti-GFP immunostaining to intensify the signal at P14 and P70 (only for the testis and ovary).
The expression was observed in the heart (myocardium), lung (alveolar cells and smooth muscle
cells in the blood vessels), stomach (epithelial cells and cells in the muscle layer), intestine
(epithelial cells located at the tip of intestinal villi and cells in the muscle layer), and ovary (oocyte).

SPIG1 will thus serve as a useful molecular marker for future studies on the development and
function of ON DSGCs. Moreover, expression pattern of SPIG1 in the brain and non-neuronal
tissues suggests that this molecule is necessary for the function in restricted types of cells during
development and adulthood.
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REICIL. SPIGl EEFREMBELEE L CHER IR —E0EMA2E > TRET 5.
WHhWBEFA TRIZAHLTWDZ & £, RBEEFP EFAEO ON .08 FE iR
PHERREARICRIROICRE T EEALNIT AL L biIT, BAEHIZBWTZDEY
A VBERTEREINDIBELZFMIBEFTLZHOTH B,

WETZTROACRERBIL., EEFEHERORVEHZELE L CHITEL LR S,
EHLEOREFREMIAIIERENIC L 2BEUEOV T4 A FIZHEIL, ThEThR
BROBPREREMIIEBZIDIEBHMONTND, EVTH A4 7. TNENREHE OB
ERETHIEDICHMBOBENFERALTVWELEEZILNDN, ZOLIRREAHFD
ERPIINETHLNIR> T o T,

SPIG1 %, HEBEEVFTBRT 2RI N—TI2L > T, =U b OBIEYE FANZB VTR
KEBATLI2ELEFDO1I2ELTRES N, BFEEN~ U AMEIZEIT 5 SPIGI mRNA
DRERBEFL A, BOHEES FAERICB O CREAREGT 2 BRI D8R E MRS
BEECOW/T L0 L. RERESAERCHE—EMRBE b o TofiT 2 —HomE
B DH 2 SPIGL 2 BB L TWHZ L ERHE L, ZORERSHEH» S, SPIGL TEL
RIS I B W CRIEMREMEOBEDOY 74 4 TICHEREMICRBE L TS I ENTFES
iz, £Z T, SPIG1 EEBEFIZHOWT, GFP /v 7 A v~ AERERTHIZ LITLY,
JE S AUITEIBIC I T 5 SPIGL BHEMARIC DV THEM R AENT 21T - 72,

1. BENOBREBEDOSMmAIL, BEMERKICSMAT 2 SPIGL BEMAA ON F
DEG MERESEREMAEE WO T XA 7 THD 2L RRBENT-, ON d.LE 5 mEE
FRIERE AT, XOBZOERLEIERREFINIREPRICEL. REBRISE
BIERZTHREZHOLEBZONT VS, ZODXA FIXFEIZ3I S>OMENY 7 F A 7124
THIENRTE, ThERLETR., THE., ERLE~DFHEDOKXOEE DV NIt
LTEBBRICKIGT %, £2 T, GFP BHEHI iR O 8RB A O T RO, SfTHEZRZ RV
TCfRIT 24TV SPIGL BEtEMila Y, kB THM~OFEEREEHF T2 ON F.LH 5 HER
RIEFRHEORKNETH D, BIEERORNABKIZEH L TCWEI E2ERLE, &5
2, BERAEBEERICEL o T GFP BHEMEONREE MBI L, SPIGL A EFR~D M
BIRELZ OV T XA T TORBRLTVWAZ EEHELMI LT,

Tz, HFEEIL, BIERRONAZ~RF T 2HREMRY 7 2 4 TRBEBRREIZBW
TEYA IHREST O RF2HMICHEN Lz, BIREZRONAKICIE, EFR~0FH R
REZFT 2 SPIGLBGMHEMIAE . THM~OFHWEREEE T S SPIGL MRS &5
9525, SPIG1 RetEMIfa © SPIGL BBMHEMAR & FRICEY A ZRICHMT DL, Fi,
WEIIBE ECXT 2 E-> THHTHOMEREVILEZHALMILE, EHIZ, Zhbo
MEOEY A 7 EOHRICIT, MBS, AEMRMORIEER. MIEEEREE LT
WBZEERLRE,
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UEX I, ABRIEZ, BE—OMREMEEMBOBEENY 7% 4 7128\ THERIZH
RY0BEFEMOTRELLLDTH D, AHIRORERIL, OB E 2R 5 @iEs
REIEBSEO IS L TRE SN DO, REBRI/EEN CTHA SN DAL L H
CLTWS LTEERFHNVICIRDEEZON., HRBZFCNTIHFICEERERHT
HDEFFMEIND N> TERBIITFMNARLE LTHFARAFEZHBZ TWS LRS-,
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