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Recently, we identified novel heterozygous missense
mutation, p.L10R, p.P18S, p.V84I, p.V174M, p.E183k
and p.Al194T, in the GJB3 gene encoding CX31 from 513
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unrelated Taiwanese patients with non-syndromic
hearing loss. In the proposed project, we will focus
on the study of the effect on function of GJB3 genes
with mutation. Simultaneously, we will create a
zebrafish model to investigate the mechanisms of
hearing loss.

Here we focused on the functional properties of six
CX31 mutants derived from point mutation.
Immunostaining pattern of transfected cells revealed
that p.P18S, p.V174M and p.E183K mutants impaired the
trafficking of CX proteins to the plasma membrane
leading to accumulation of the mutant proteins in the
cytoplasm, whereas p.L10R, p.V84I and p.Al194T mutants
showed the typical punctuate pattern of gap junction
channel between neighboring expression cells as CX3l
wild-type. According to our previous result, we found
that cells with p. VI74M or p.E183K mutants were dead
after transfected for 3 to 6 days. Therefore, we use
MTT assay to determining viable cell number. Our
results indicated that HelLa cells transfected with

p. V174M or p.E183K may cause cell death. Based on
above results, we suggest that CX31 p.P18S, p.V174M
and p.E183K mutations have effect on the formation
and function of the gap junction. Moreover, p.LI10R,

p. V841 and p. A194T mutations do not affect the
trafficking of mutant CX31 proteins, but its
functional significance remains unknown. Therefore,
the functional significance of p.L10R, p.V84I and

p. A194T mutations requires further investigation. In
addition, we have established the transgenic
zebrafish with sensory cells-specific overexpression
of GFP. We believe that the transgenic zebrafish
model will provide a good approach to study the
etiology and mechanism of pathogenesis in hereditary
hearing loss.

GJB3, mutation, hearing loss, gap junction, zebrafish
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Abstract

Recently, we identified novel heterozygous missense mutation, p.L10R, p.P18S, p.V84l,
p.-V174M, p.E183k and p.A194T, in the GJB3 gene encoding CX31 from 513 unrelated Taiwanese
patients with non-syndromic hearing loss. In the proposed project, we will focus on the study of the
effect on function of GJB3 genes with mutation. Simultaneously, we will create a zebrafish model
to investigate the mechanisms of hearing loss.

Here we focused on the functional properties of six CX31 mutants derived from point mutation.
Immunostaining pattern of transfected cells revealed that p.P18S, p.V174M and p.E183K mutants
impaired the trafficking of CX proteins to the plasma membrane leading to accumulation of the
mutant proteins in the cytoplasm, whereas p.L10R, p.V84l and p.A194T mutants showed the
typical punctuate pattern of gap junction channel between neighboring expression cells as CX31
wild-type. According to our previous result, we found that cells with p.V174M or p.E183K mutants
were dead after transfected for 3 to 6 days. Therefore, we use MTT assay to determining viable cell
number. Our results indicated that HeLa cells transfected with p.V174M or p.E183K may cause cell
death. Based on above results, we suggest that CX31 p.P18S, p.V174M and p.E183K mutations
have effect on the formation and function of the gap junction. Moreover, p.L10R, p.V84Il and
p-A194T mutations do not affect the trafficking of mutant CX31 proteins, but its functional
significance remains unknown. Therefore, the functional significance of p.L10R, p.V84l and
p-A194T mutations requires further investigation. In addition, we have established the transgenic
zebrafish with sensory cells-specific overexpression of GFP. We believe that the transgenic
zebrafish model will provide a good approach to study the etiology and mechanism of pathogenesis

in hereditary hearing loss.

Keywords: GJB3, mutation, hearing loss, gap junction, zebrafish
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B 53 1/10000 blehif s i 4 o e mlhfe g0 £ R AR e B8RS 3 R60%
iR A B TR AT S o A A LR RSI3CbE BHER R F OCIB3A R GRS
I 61 4k & (missense) R % (Table 14= Figure 1) (Yang et al., 2007, 2010) » X @ P $3¢
FLEHEARFTEFOH R PTEARFEWYRELA FE > DR - AT R R DREN
A2 T B L NLR o FPtAFFA ll’“tiﬁd Bk e 2 AF enlm e 5N KA 0ER R
GIB3iz 45 L R EHH oo # L enP F Lo ? 8- B RS LM LR R ¥ ORI
] S 2 IR B RFF AR AR o 2R 2 FEFD-BLEL e
Fp AP F ey - BRI ol * md b RN R EFE SRR B Y
%ﬁr‘ WA B HCES e 2 e R R U 2 I F R R A

R

RET g B ek (D)ie- % H GIB3 S FI% 5 H 54 it ol 0 JE B pat 1A
B i# GIB3 AT gL & ALY i nd & > DR RE Sops ] - (f]* Tol2 s s 44
GETRESTERY STy Py P

2 §’€%§5$ff
A #i(Cochlea) “u i 48 » d A & % (Basilar membrane)fr % - (Reissner’s membrane ) %
Az BRRRMEE o g AR AR g A2 ok iR > FIARE S fuhdE
oo FULERARE IR AEBEN AP Lwir 0 4TV ESFBE IR G ERA
SHER LI A0 A2 BT o st AR AR S R A B (electrical nerve impulses)
H ¢ & 3F 5 H5 chie di(Coulogigner et al., 2006) - B #f(Cochlea) £ — B {x4f fechEF > o #k
S R FRBES 0 F AR DAT] N A RE BEEE N i
12 % (ion homeostasis) > 4% % 4 R ¥ > Y F frfp g+ kR 3 T ¥ > F VIR o 2E B p
TG BEEET R NPT ER > T RY AR I LT 2 OHI00mV 0 BB F L T A
Llmre it E o BT B RS ERE > B R TF 4 (Steel et al., 1987) o Gap junctiondr tight
junction e Je4 # it FhE R A S RF I AT B AT AR R BT TR R
P A AR R ER kS o
B4 g © 3 IR X 204Econnexin gene 7% = f (Willecke etal., 2002) > & i 8d 7 e 7k 7]
Yod¥ o T H A F & (molecular weight in kDa) %+ & & 0 £ A3 2 s A pe k' b a2
Moo Fa~ B~ e FA(Sohl and Willecke,2003) » 4p F (homomeric) & # ¢ = (heteromeric)



connexins¥ 14 % = % #& 7 I cficonnexon isoforms > d At S ehFed X0 2 T A R Ft
» € P g (channel) ¥ 4 F HiE F 2 B & AT A 0 Ao F CX26 39 4735 = dhgap
junction¥® & Leucifer yellow (457 Da)if i - & & CX26£ CX307) = heteromeric connexonf# » ‘m
2 I it i neuroobiotin (287 Da)if i (Marziano, et al., 2003) -
Connexin 31(CX31) 3¢ #_CXgene 2% = i 2. - »CX31 ¥v H_d GIB3 & F]#rigF0 &k
10 GIB3 A Flix % 4 £ 1p35.1 chiz¥ - H A TG4 e 75 B A+ (exon) £ 2 - B d 270
B4 AfiES > ~F+ 25 31KDah7 kv o Hjo Bfpfrd s CX v - 27 2 B 5%
¥ (transmembrane domain) > — i fm % p Ik (cytoplasmic loop)fr= i im%e “F I (extracellular
loops)> # % 7 *4 % (amino terminal region)fr# & =4 % (carboxyl terminal region) s == & sn?# B p
(review in Zoidl and Dermietzel, 2010) - CX31 h% % © gatdp O Z2H e BHRERE AR A T
fedd &3 6 A I}ia (review in Dror and Avraham, 2010; review in Zoidl and Dermietzel, 2010) o
Richard & T3 4 - f&2 4 i & F i 5 B g s Erythrokeratodermia variabilis (7 % 4% =
smd g A EKV)E CX31 AFShR %G Mo i o 3 7 4 3 CX31G12D f= C86S 7 i
X% ¢ &+ EKV ¢ 75 (Richard et al.1998) » & & % 1998 & % 3 CX31 Q183K 2 RI180X =
Rtk i i @ 2hn iz PR (Xia et al, 1998) o I FF & 2000 & 7 L R GIB3(CX31)
7 compound heterozygosity (423-425delATT /1141V)e* & H B R %> 2t 7 ¢ #F IR

;\%E‘g

4 me
FakA A AP nE 2 AT 4R ¢ 3 F CX31 52 M3 domain (Liu et al., 2000) - # 2001 &
= 3T #EF CX31D66Del % % ¢ F R4 G ch@ L F L P pFy SR R
I (Lopez-Bigas et al., 2001) °
PR U Rl AN A R R LA FEAEFFT - BEL 2w o F R
FEwui B - ﬁ AREA R N AR L Py LFEADT R PG L
R () RS A R) a2 Rk rR&R? BT A AT > AEFY TR
B L ;ﬁ d A F 5 f(knockout)* 7 F14 78 (transgene) K By & 28 F] e s b AT IR o
£d o pAEHE NI AFIMEPN T R F KK Na T8 eh2 F)(r %22 K% «04p B 2L 7))
7 RREE PN 08 F5(1) gap junction 7 F] ¢ Cx26/GJIB2 A F](Cohen-Salmon et al., 2002;
Kudo et al., 2003)4= Cx30/GJB6 zk F](Teubner et al., 2003) ; (2) tight junction & #] : Claudin 14
(Cldn 14)# %] (Ben-Yosef et al., 2003) ; (3) K3 i : kcnel # F](Vetter et al., 1996; Nicolas et
al.,2001), kengql & Fl(Lee et al., 2000; Casimiro et al., 2001; Rivas and Francis, 2005)4= kcngé £
Fl(Kharkovets et al., 2006; Winter et al., 2006) ¥ *F Cx29 A F]» 3 » B B8 B I R § & de
= #i3¢ (Eiberger et al., 2006; Tang et al., 2006) - B& 283 A 5 B4R {1 * £ &g d 4 50 0 fe &
Krogh’s principal ¢ 7 $#&3|- BRLA 74 ¥ - iﬁi%f%hﬂﬁ WO FIRRE -FPTE9%
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B FACTRER B 2604 P = o A AR 2 4o A DM R 0 P g A R

P13 200 ~ 1000 A5 %% » 7 B R ACAFLE B E R B 00 A B U o B 1L A chd i 2 S
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# 5 Woif B (labyrinthus membranaceus) » i B2 b 2o 7% bk ¥ % (endolympha ) ;2. T X $%(pars
superion) & 3% Ik 4 % (saccule)fr -] & (lagena) > @ Z£ A5 % (saccule) & - B 1 & ch& F F
(primary audiotory organs) (Bever and Fekete, 2002) - “73} % (utricle) ~ 7 3} % (saccule)fr-] &
(lagena)p & 7 — 3.8 Z(otolith) » § #F 7 A B pF > FIE T2 HMHE L B A £ 7 g 3 #
#v o e 3 FEsa(macula) b £ ‘% (hair cell) 8 &4 e £ (kinocilum) » B € FIx R @ §d 7 A
F A& 4 EEia A 4 BE (Popper and Platt, 2003) ¢ #8438 0030 A g A 4 4] ¥ >

fza b g e B o SR 17 (88 IR ) B FEsa % (macula)fr i) M (lateral line) 1 e
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P

Hd 2 0120 L T MR R % B ent fmve ik 4R &1 02 5(Popper and Platt, 2003) - k- 4 5 A
g p 2P R e h R epithelial lining)» fri 4 g B g P+ & dw¥e g epithelial lining)
- H 3 Lt fEme e P 3 0 X granular ¢ ionocytes dwm e E i H ¥
(Mayer-Gostan et al., 1997; Pisam et al., 1998) o e & rf L35 d Fofosa b b p B L e g v
- i sl gL wre i) €EF AN K A Mo - BHP TR P X 10 B
PA o R et e e P A TG BRI R RIS R R A R SR A
A pE s L dicp @ T 0§ L e XA (S A3 a0 £ 4 ch(Higgs et al., 2001) o

Mg A SN AT RESBF ARG EF S A 19964‘1‘# (I
FHr R dtap DTS A REBREEATIREE AP Bl o
TP et S8 AN B En R RS 4 (Whitfied etal., 1996)  # 3 *t gz ms 3 WA F

A~

AT b g B g T agp B AR 2 A3k 0 (Whitfield, 2002, review) o 7 1998 # Nicolson & 4 >

N hm B g R A B A F1& mechanosensory £ in*z cr i § BE 0 4o orbiter~mercury - gemini
AFNRHE G LA 0L e A i e # ECE & B (acoustic-vibrational ) h | e i F e
sputnik 2 mariner & Fleh%k % € # 85)L w9 bundle 5t ¥ T o & 2000 # Ernest % 4 &
3¢ E I mariner ehR 8 A d Y2 F] 4 I A1 ak Kaeh Myosin VIIA » 5@ i 2 £ fm#e bundle ¢
FTEF 0 Lo A S MYO VIA A FIE 4 904 4 chfFa58g 00 > T8 P22 0 m S g
K AE A SR BRI D S BN o BT - B A SRR A F] TMIE 0k R 2 Fl(tmie) s 5 4.

AMEANR S FATFILBARALHE24 7 51 F2ZF 2 b 4P BT BfrpliL w
FOFE TR FLEREES > P EEfoNERIBSF N TR Fq F| A5 ¥~ 4% ¢(Shen et al.,

2008) o iT— # (2010 £ ) kA% kA% F OFEH T e SRB A HE AP B oL FAe 7 3T A
45 3| parvalbumin 3a (pvalb3a) and parvalbumin 3b (pvalb3b) & #]1 & B 4] % & 0 k4l s
A F AT P L e and (McDermott Jr et al., 2010) - Sox2 & Flenk T 2 F_A PN B 5 k|
24 &pﬁ%%\ B BP AR S hp R L e adFfel 4 (Millimaki et al., 2010) o e pF 5 2
% 4p &) hmx2 fr hmx3(# 45 7] ) esa § 4 p B feip|sensd 7 1 2 F £ & 04 4 (Feng and Xu,
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2010) o fdiF %7 § (2010)% 3 s § 4 Cx30.3 2 FI4F 122 4 £7 CX26 & CX30 £ 7] -
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CRARATE AL BN D o RN K e R REE LA K AP M B3 54F 4 (Tao et al,
2010) > 7 iz fo A DR L A AP WY BB B S B B TR DR A
RERI T e T b s @4 ¢ AT RIT LR GRS B ML ER AR
o v 5T SER ol (Ouetal, 2010)  &RIP #0717 5o b ki BOE #4175 %
SEhE AR S KL L R Il S b Pt vl e S S
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frB 73, X FARTHT ] o

Foobo gl AT FEET - BER GUFH AT AL E o iFd s g ondg i L T

HF B A BE ¢ 45 R b Mg A Pl K E AR fe A TR ALETE eh s e g 2L Flo g -
wAEdT A Renig s A F)F ¢ € F mosaicism Ao sE L Fl 0 &~ germline ¥ ¥ o #

13{\

ST RS AT AR B BT - BT A PRBRIRE T A B g kP A
1§ ¥| HR 3 (Kwan et al., 2007) o ¢+ 48 > ;% &_multisite Gateway technology (Tol2Kit system) > "
7E F 2007 & & 55 & 7 (Invitrogen, catalog no. 12537-023) o pt i & £ 1% Az b b
i Tol2 f% % fo2% i #{promoter]-[ P #7 F1]-[3’#4 tag]eE#f & Tol2 transposon ¥ 2 + ki
= oo s G Tol2 £ F]7 30 649 "ilfh o ot B ERSE A 2 TA R3%E(— transposases 7J7%)
Ry 7 B+ Tol2 f¥% % - f& transposases ¥ /2 igtit *» %7 trans 7 DNA(Kawakami et al.,
1999) o 3T 7 HATA B e AR R LEF A A FIA S g 2 1 oo R b T
ARG B b G B A R 4F 3T gap junction protein A %% R % id = FUR s 4] 2 -
BPEF LRV (Fh> %k o
By
— ~ HeLa’wm¥®z $-3¢

L& n ¥ 2 R HGIB3 (CX3AFI» & £ A H
#L F)#& 78 (transfection) T HeLalw ¥e & % IR
FI* e L F KL PBERD VA RFCX v W N chd iR
EoFEETLARD F &R RCX v dHeLakn s &

5. MTT assay
o BB bR R B PRk (T

N A

1. =5 4 (Danio rerio)z £'7%



2. BB GRS ER B &
3. A PLEPAEM ",% 3 Bp PAM K H TR F
4. X hhy g EEDeR
=~ A Fsa b goruE 2
1. 2= = Tol2 4 Flag 7 & it
2. ZHTol2% R4
3. & =transposase cRNA

Eg i1 S (microinjection)
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x84 %
- ~ GIB3A F(CX31)% ¥ 2 # 7% (Figure 1~Figure 6)

AP RS RY ¢ RAT O 513 AR RERGR R F TR T o B GIB3
A T4 3 R %8 pLIOR -~ p.P18S ~ p.V84I ~ p.V174M ~ p.E183K v p.A194T 12 2 & ¥ ¢ GJB3
R FR A E s o 34 s R-H 245 pLEGFP # pTagRFP & 6 2 {8+ - f CX31 chigfir
LF Y 7R pLIOR fr p.P18S R 813t 39 F N4> p.VI74M fr p.EI83K % % B i3t 'm
#g it T (cytoplasmic loop) » @ p.V84I fr p. A194T R % BLR| & =3 § %% & (transmembrane
region) o Flt A 7 E WA B GIB3 AT A RREEFFAL > I LA F X2 HFEH
PHET RSN T %% pLIOR p.VBAI o pAl9AT = Bos R 2% 7 ¢ &
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o
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¥ F-v Zfﬁ;@ﬁ%]“'lf‘: mPe T @ AR FIHL 0 (e e it A E e B fel F F9 AR hE R
Zi&- #H A 4T o ¥ pPI8S ~ p.VI74M fr p.E183K = B % % F-v & B8 M3nfF >0 ) e
AR AEERY > ¥ EEH DT FFE T w0135 gap junction 0 #t 3RA % #2102
B HILAGHRFE \ FTA2FRFE BEFFIUFEERSS F L -
o BAROFHRAPEFREH AT RS F R R ARPH L 0 CX31 B

p.V174M % pEI83K 4 w7 5| HeLa fn¥ » ¥ 12 G418 H 4 v F ¥ i EFIET AR Z
CX31 2 2% Benm M FFTHREFT > KRB g2Ed APRR e L% R
L i TSN 6% R o FIR AP e BRI AT B
By HeLam®e o W42 5 REEP.VITAM & 5 # p.E183K {4 H e fic P dpf i T ¥ CX31
him®e fort §oek 5T AR R > FMAPIRG REE pVITAM & F pEI8IK ¢ g = hwie
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Table 1. /5 # 2 i B L ¥ ¥ 74 7 GIB3 A 1% %

Nucleotide change | Amino acid change Domain Predicted effect

c.29 T>G p.LeulOArg (L10R) N Missense mutation
c.53 C>T p-Pro18Ser (P18S) N Missense mutation
c.250G>A p.Val 84 Ile (V84I) M2 Missense mutation
c.520G>A p.Vall74Met (V174M) E2 Missense mutation
c.547 G>A p.Glul83Lys (E183K) E2 Missense mutation
c.580 G>A p.Alal94Thr (A194T) M4 Missense mutation

Figure 1 Schematic representation of the domain structure of the CX31 protein with indication of
known missense mutations. M1-4: transmembrane domains; E1-2: extracellular domains; CL:

cytoplasmic linking domain; N: N-terminal domain; C: C-terminal domain
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Figure 2. Intracellular localization of the wild-type and mutant CX31 proteins in transiently
transfected HeLa cells. The immunocytochemistry analysis of wild-type (wt) and mutant CX31
proteins in transiently transfected HeLa cells were performed by anti-pan-cadherin antibody. All
images were showed using fluorescence microscopy. Within cells transfected with wt CX31 (A),
the p.L10R mutant (B), p.V84I mutant (C) or p.A194T mutant (D), each EGFP-tagged CX31 fusion
protein was presented the typical plaques between adjacent cells (white arrows). However, the
p.P18S (E), p.V174M (F) and p.E183K (G) mutant proteins were showed the impaired trafficking
and were retained within the cytoplasm, concentrated in a region close to the nucleus (white
arrows). The cells were counterstained with 4’-6’-diamidino-2’-phenylindole (DAPI)

to4’-6’-diamidino-2’-phenylindole (DAPI) highlight the nuclei. Scale bar: 10 um.
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Figure 3. The mutant CX31 proteins in transiently transfected HelLa cells could intracellular
co-localized with endoplasmic reticulum. Three mutant CX31proteins, p.P18S (A), p.V174M (B)
and p.E183K (C) respectively, were retained within the cytosol of HeLa cells and concentrated in a
region close to the nucleus. Photo-micrographs of HeLa cells transfected with each mutant GJB3
cDNA, followed by immunostaining for markers of endoplasmic reticulum (ER). All mutant CX31
proteins were found to moderately co-localized with the ER marker. The cells were counterstained
with propidium iodide (PI) to highlight the nuclei. Yellow arrows indicate the localization of CX31

mutant protein. Yellow arrowheads indicate the localization of ER. Scale bar: 10 um.
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Figure 4. The mutant CX31 proteins in transiently transfected HeLa cells could intracellular
co-localized with Golgi apparatus. Three mutant CX31proteins, p.P18S (A), p.V174M (B) and
p-.E183K (C) respectively, led to the substantial reduction in trafficking to cell membrane between
adjacent cells. Photomicrographs of HeLa cells transfected with each mutant GJB3 cDNA, followed
by immuno-staining for markers of Golgi apparatus (Golgi). The immunostaining results for both
mutants p.P18S and p.E183K showed the substantial co-localization in the Golgi apparatus, but the
staining for mutant p.V174M proteins did not. The cells were counterstained with
4’-6’-diamidino-2’-phenylindole (DAPI) to highlight the nuclei. Yellow arrows indicate the
localization of CX31 mutant protein. Yellow arrowheads indicate the localization of Golgi

apparatus. Scale bar: 10 um.
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Figure 5. The mutant CX31 proteins in transiently transfected HelL a cells could intracellular
co-localized with lysosome. Three mutant CX3 Iproteins, p.P18S (A), p.V174M (B) and p.E183K
(C) respectively, were diffusrly distributed within the cytosol of HeLa cells. Photomicrographs of
HeLa cells transfected with each mutant GJB3 cDNA, followed by immunostaining for markers of
lysosome. The immunostaining patterns for all mutants proteins showed the substantial
co-localization in the lysosome of HelLa cells. The cells were counterstained with
4’-6’-diamidino-2’-phenylindole (DAPI) to highl-ight the nuclei. Yellow arrows indicate the
localization of CX31 mutant protein. Yellow arrowheads indicate the localization of lysosome.

Scale bar: 10 pm.
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Figure 7. MultiSite Gateway cloning system (Invitrogen). (A) Description of the BP reaction for
a polymerase chain reaction amplified open reading frame to get an ENTRY clone and by-product.

(B) LR reaction between an ENTRY clone and a Destination vector to get an Expression clone.

Note that att sites are not to scale.
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Figure 8. Cellular distribution of TagGFP in the pvalb3b transgenic line. All DIC images of 96
hpf embryos are lateral views, anterior is to the right and dorsal is up. Fluorescent images of 96 hpf
embryos demonstrate TagGFP labeling in the otic vesicle (A) or/and lateral line (C). (B, D) In
ventral view of embryo in 96 hpf, sensory epithelia containing TagGFP-positive cells are located
beneath the two otoliths or crista. ao: anterior otolith, po: posterior otolith, am: anterior macula, pm:

posterior macula, kc: Kinocilia of the crista hair cells.
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Figure 12. Cellular distribution of TagGFP in the pvalb3b transgenic zebrafish
(pvalb3b-TagGFP ¢"""%) The fluorescent images of 96 hpf embryos showed by using fluorescence
microscopy (A-G) or confocol microscopy (H) were lateral views, anterior waer to left and dorsal
were up. (A-B) The fluorescent images of 96-hpf embryo showed that the TagGFP-labeling sensory
cells were distributed in the otic vesicle and lateral line system. (C-D) In lateral view of otic vesicle
in a 96-hpf embryo, sensory epithelia containing TagGFP-positive hair cells were located beneath
the two otoliths (termed anterior macula and posterior macula respectively) or crista, followed by
immunostaining with anti-acetylated tubulin antibody. (E) The immunostaining patterns showed the
single, long kinocillium (red) in each TagGFP-positive cell (green), indicating the TagGFP-positive
cells were indeed the macular hair cells. (F-H) In addition, transgenically expressed GFP marked
hair cells in 96-hpf embryo neuromasts of lateral line system including anterior lateral line (F) and
posterior lateral line (G) respectively, followed by labeling with FM4-64 fluorescent dye that
passed through functional mechanotransduction channels. The merge images of TagGFP (green)
and FM4-64 signals (red) indicated the transgenically expressed TagGFP marked the functional hair
cells. am: anterior macula, pm: posterior macula, kc: Kinocilia of the crista hair cells, ALL: anterior

lateral line, PLL: posterior lateral line. Scale bar: 50 um.
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Investigation of the mechanisms of the GJB3 gene mutations cause hearing

loss with cellular and animal models

Ju Chang-Chien, Tzu-Yu Ko, Jiann-Jou Yang*
Department of Biomedical Sciences, Chung Shan Medical University, Taichung, Taiwan

ABSTRACT

Congenital hearing loss is a common sensory disorder worldwide, and
approximately 60 % cases are attributed to genetic factors in the
developed countries. The crucial role of intracellular gap junction
channels (GJs), which are composed of connexin (CX) proteins, in
auditory functions has been confirmed to recycle and maintain the
potassium ions in the inner ear by numerous studies. Mutations in a
family of CX gene, encoding connexin proteins have been linked to
hearing loss, and zebrafish also has been considered an attractive
animal model for the investigation of vertebrate inner ear development.
Recently, we identified novel heterozygous missense mutation, p.L10R,
p.P18S, p.V84l, p.V174M, p.E183k and p.A194T, in the GJB3 gene
encoding CX31 from 513 unrelated Taiwanese patients with non-
syndromic hearing loss. Here we focused on the functional properties of
six CX31 mutants derived from point mutation. Immunostaining pattern
of transfected cells revealed that p.P18S, p.V174M and p.E183K
mutants impaired the trafficking of CX proteins to the plasma
membrane leading to accumulation of the mutant proteins in the
cytoplasm, whereas p.L10R, p.V84l and p.A194T mutants showed the
typical punctuate pattern of gap junction channel between neighboring
expression cells as CX31 wild-type. In addition, we have established
the transgenic zebrafish with sensory cells-specific overexpression of
GFP. Based on above results, we suggest that CX31 p.P18S, p.V174M
and p.E183K mutations have effect on the formation and function of
the gap junction. Moreover, p.L10R, p.V84l and p.A194T mutations do
not affect the trafficking of mutant CX31 proteins, but its functional
significance remains unknown. Therefore, the functional significance of
p.L10R, p.V84l and p.A194T mutations requires further investigation.
Simultaneously, we believe that the transgenic zebrafish model will
provide a good approach to study the etiology and mechanism of
pathogenesis in hereditary hearing loss.

RESULTS

Figure 1. Mutation analysis of GJB3 gene in 513 Taiwanese
individuals manifesting nonsyndromic hearing loss. Schematic
representation of domain structure of CX31 protein with indication of
six missense mutations. Those mutations were respectively located in
the N-terminus (p.L10R and p.P18S), cytoplasmic loop (p.V174M and
p.E183K) and transmembrane region (p.V84l and p.A194T ) of CX31
protein.

(LN

Figure 2. Intracellular localization of the wild-type and mutant

CX31 proteins in transiently transfected HelLa cells. The
immunocytochemistry analysis of wild-type (wt) and mutant CX31
proteins in transiently transfected HeLa cells were performed by anti-
pan-cadherin antibody. All images were showed using fluorescence
microscopy. Within cells transfected with wt CX31 (A), the p.L10R
mutant (B), p.V84l mutant (C) or p.A194T mutant (D), each EGFP-
tagged CX31 fusion protein was presented the typical plaques between
adjacent cells (white arrows). However, the p.P18S (E), p.V174M (F)
and p.E183K (G) mutant proteins were showed the impaired trafficking
and were retained within the cytoplasm, concentrated in a region close
to the nucleus (white arrows). The cells were counterstained with 4°-6’-
diamidino-2’-phenylindole (DAPI) to4’-6’-diamidino-2’-phenylindole
(DAPI) highlight the nuclei. Scale bar: 10 um.

PLEGFP

PLEGFP:Ch

Figure 3. The mutant CX31 proteins in transiently transfected
HeLa cells could intracellular co-localized with endoplasmic
reticulum. Three mutant CX31proteins, p.P18S (A), p.V174M (B) and
p.E183K (C) respectively, were retained within the cytosol of HelLa
cells and concentrated in a region close to the nucleus. Photo-
micrographs of HeLa cells transfected with each mutant GJB3 cDNA,
followed by immunostaining for markers of endoplasmic reticulum
(ER). All mutant CX31 proteins were found to moderately co-localized
with the ER marker. The cells were counterstained with propidium
iodide (PI) to highlight the nuclei. Yellow arrows indicate the
localization of CX31 mutant protein. Yellow arrowheads indicate the
localization of ER. Scale bar: 10 pm.

(A)

(B)

Figure 4. The mutant CX31 proteins in transiently transfected
HeLa cells could intracellular co-localized with Golgi apparatus.
Three mutant CX31proteins, p.P18S (A), p.V174M (B) and p.E183K
(C) respectively, led to the substantial reduction in trafficking to cell
membrane between adjacent cells. Photomicrographs of HelLa cells
transfected with each mutant GJB3 cDNA, followed by immuno-
staining for markers of Golgi apparatus (Golgi). The immunostaining
results for both mutants p.P18S and p.E183K showed the substantial
co-localization in the Golgi apparatus, but the staining for mutant
p.V174M proteins did not. The cells were counterstained with 4’-6°-
diamidino-2’-phenylindole (DAPI) to highlight the nuclei. Yellow
arrows indicate the localization of CX31 mutant protein. Yellow
arrowheads indicate the localization of Golgi apparatus. Scale bar: 10
pm.

(A)

B)

©

Figure 5. The mutant CX31 proteins in transiently transfected
HeLa cells could intracellular co-localized with lysosome. Three
mutant CX31proteins, p.P18S (A), p.V174M (B) and p.E183K (C)
respectively, were diffusrly distributed within the cytosol of HeLa cells.
Photomicrographs of Hela cells transfected with each mutant GJB3
cDNA, followed by immunostaining for markers of lysosome. The
immunostaining patterns for all mutants proteins showed the substantial
co-localization in the lysosome of HeLa cells. The cells were
counterstained with 4’-6’-diamidino-2’-phenylindole (DAPI) to highl-
ight the nuclei. Yellow arrows indicate the localization of CX31 mutant
protein. Yellow arrowheads indicate the localization of lysosome. Scale
bar: 10 um.

Figure 6. Cellular distribution of TagGFP in the pvalb3b transgenic
zebrafish. The fluorescent images of 96 hpf embryos showed by using
fluorescence microscopy (A-G) or confocol microscopy (H) were
lateral views, anterior waer to left and dorsal were up. (A-B) The
fluorescent images of 96-hpf embryo showed that the TagGFP-labeling
sensory cells were distributed in the otic vesicle and lateral line system.
(C-D) In lateral view of otic vesicle in a 96-hpf embryo, sensory
epithelia containing TagGFP-positive hair cells were located beneath
the two otoliths (termed anterior macula and posterior macula
respectively) or crista, followed by immunostaining with anti-
acetylated tubulin antibody. (E) The immunostaining patterns showed
the single, long kinocillium (red) in each TagGFP-positive cell (green),
indicating the TagGFP-positive cells were indeed the macular hair cells.
(F-H) In addition, transgenically expressed GFP marked hair cells in
96-hpf embryo neuromasts of lateral line system including anterior
lateral line (F) and posterior lateral line (G) respectively, followed by
labeling with FM4-64 fluorescent dye that passed through functional
mechanotransduction channels. The merge images of TagGFP (green)
and FM4-64 signals (red) indicated the transgenically expressed
TagGFP marked the functional hair cells. am: anterior macula, pm:
posterior macula, kc: Kinocilia of the crista hair cells, ALL: anterior
lateral line, PLL: posterior lateral line. Scale bar: 50 pm.

CONCLUSIONS

1. Five novel heterozygous missense mutation, p.L10R, p.P18S, p.V84l, p.V174M, p.E183k and p.A194T, in the GJB3 gene encoding CX31 were
identified from 513 unrelated Taiwanese patients with nonsyndromic hearing loss.
2. Three mutants p.P18S, p.V174M and p.E183K impaired the trafficking of CX proteins to the plasma membrane leading to accumulation of the

mutant proteins in the cytoplasm.

3. However, p.L10R, p.V84l and p.A194T mutants showed the typical punctuate pattern of gap junction channel between neighboring expression

cells as CX31 wild-type.

4. We have established the transgenic zebrafish with sensory cells-specific overexpression of GFP.
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