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OSMOTIC ADAPTATION OF NU CLEUS PULPOSUS CELLS: THE ROLE
OF AQUAPORIN 1, AQUAPORIN 4 AND TR ANSIENT RECEPTOR
POTENTIA L VANILLOID 4
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Abstract

‘Z1-"E>"TZ—Y's"——Z—e17e1e' 71— 7EeZ270@1™Z7e™M " @7l @1 ¢™Z>"-"'EL1S—-1
loading. Changes in extracellular osmolality result in cell volume alterations, responsiveness to such changes
is essential for cellular homeostasis. Aquaporins allow movement of water across cell membranes and control
water permeability in response to osmotic gradients. Furthermore, transient receptor potential vanilloid 4 has
been shown to sense osmotic and mechanical stimuli resulting in changes to intracellular C&*. It has been
shown previously that aquaporin 1 and 4 expression decreases during disc degeneration. Here, the expression
of transient receptor potential vanilloid 4 by human nucleus pulposus cells during disc degeneration, and
the roles of aquaporin 1, 4 and transient receptor potential vanilloid 4 in regulating responses to osmotic
gradients was investigated. Transient receptor potential vanilloid 4 was expressed by the majority of human
—7EeZ27®@1™7e™ " 7@ 1IEZeee1S—e1—"01S ZEeZelctle'®®ELeZeZ—75Se""—il §7°
cilia. Nucleus pulposus cells modulated their rate of volume change, water permeabilityand Ca #*1'— zj1' —1
response to extracellular osmolality. These responses were inhibited by chemical inhibition of aquaporin 4,
transient receptor potential vanilloid 4, and to a lesser extent aquaporin 1; suggesting that both aquaporins
and transient receptor potenual vanilloid 4 play important roles in the fundamental adaptatlon of nucleus
™7e™ " @7@IEZeele 1251 @-"¢" E1Z—Y > "——Z—2il ",e"ESe'@Se’"—1 'e'1™"
function synergistically to achieve adaptation, which may be lost during disc degeneration, when aquaporin
1 and 4 expression is reduced.
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Introduction is reduced, the osmolality and mechanical loading
of the tissue is permanently altered, interfering with
‘21" ESel1Z—Y' > ——7Z—e1"e1e'71— 7tfieeUshar diitnar &Yclee The hilterdidlenvironment

is hyperosmotic when compared to many other  contributes to degenerative processes, during

tissues (Ishihara et al. 81 W __Jii1 Z+d1 " Zvihiakecell2 I8¢ theil ability to adapt to osmotic and

never remains constant as loading applied onto  mechanical cues and start producing catabolic factors

the disc forces water and ions out of the tissue as (Gilbert etal. 31XV W V @tlal! 8126 YW W 0 BtZll S'«>71
proteoglycans are compressed (McMillan et al., XVV_01etalSNUXVWX (il ‘Z1Sce’e¢1 e1EZoo e
W \UT1 “Z>Z">Z81«' 21" —e7>Y7Z>eZ &helrespol 1d theiii i8/iromhentds essential for

environment undergo a diurnal cycle where NP cells  their correct function, yet the exact mechanisms NP
—70e1SeS™el1e"1eS e¢1l 2E72S+ " — ccellseinplap e adajt tothe osthotic iid mechanical

and mechanical loading. The diurnal cycle of loading  environment and how these are altered during

and consequential changes to the NP environmentare  degeneration, are not completely understood.

important for regulating the correct function of NP 1 ‘S—eZ@1 —1Zij>SEZee7¢S>1 " c—"eSe’e¢
cells (Ishiharaetald 1W __]01 Z’'««’ —ebd>d I'XVA#FXater, which results in cell swelling or shrinkage,

O'Connell etal. 31 XVWZoét d.5BAVV]iuil dependiig on the osmotic gradient. The ability of
degeneration, when proteoglycan content of the IVD  cells to regulate their volume is essential for the
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maintenance of cellular homeostasis. Aquaporins  study also showed limited preliminary data that

0 @UlSee™ 1¢'Z1¢ ¢ >ZE+"~"—Se1-"¥ujgesteds TRP\4 $xpfeskion in human IVDs was

and other small solutes through the cell membrane +ZE>72S0eZele?>’ —eleZe7 —ealS&TXMW\E$47>
and control the water permeability of cells in No studies to date, have identified how TRPV4

response to even very small osmotic gradients (Agre  function potentially affects NP cell physiology

etal. 31XVVXiil 1Zi™>Zcece’'"—1S—-ih-tespAhse te- bSnotic a&titrdlZ TRPV4 has an

control of water permeability, enabling fundamental established role in cartilage physiology, mediating

functions of cells (Day etal. 81 XVW Z 01 Seal;, methanotransduction (O’'Conor et alid1 XVWZ(id1S —-
XVW\01 "eE'Z—1S—e1 "—etZbd1 XVW®BLE S22 1 1-ZE'S—"e-01le o™ '
Ozuetal. 31XVW"01 S—S7S1S—e«1 ~¢S—Sstbiic\stivthwi ((idwisl E A6 XVWW U1l —e« ESe’ —
express a wide number of AQPs (Gajghate etal. 8 1 X V VRRWVH contributes to healthy cartilage physiology.

Johnsonetal. 31 XVW[01 '@ & 81X VVI 01 Indeedoariutations to TRPV4 have been shown to

eta.l 31 XVW il j™MZ>'—7Z—e«Seetd1 7redufe tHanfelZactivity- amdddduce osteoarthritis

conditions mimicking the healthy environment of (Lamandé et al i1 XVWWU1lS—eleZeZe'"—1"e1
the disc, AQP2 expression is upregulated in NP —"70Z1-"¢Ze¢1¢7Sem1¢"1S1+SE”1 1 " -"¢’
cells, indicating AQP expression and function may Ca*1'— 2il1S—ele'Z1 " —@Zel el @eZ"S>e">"

be controlled by the osmotic environmentwithinthe — alid 1 XVWV (il ‘Z>Z">7d1 Z1-S¢1Se@™1<Z
disc (Gajghate etal. 81XVV _ il Z>'—e1 1« Z4r the-adaBatiGn-ofINP cells to their hyperosmotic

the expression of some AQPs, including AQP1 and 4, environment and the overall health of the disc.

is decreased (Johnsonetal. 3 1 X VW [ &flal8 4 ¥\eal _ indetestingly, there is also evidence that the

which may result from the decreased extracellular  functions of AQPs and TRPV4 may be linked.

osmolality due to matrix degradation. If AQP The ability of many cell types to sense changes in

function contributes to the adaptation of NP cellsto  extracellular osmolality and trigger RVD mechanisms

their environment, the loss of AQP1 and 4 during  may rely on AQPs and TRPV4 functioning in synergy.

degeneration could be detrimental as cells can no  —1>S<<’¢1E " >e' ESe1E " eeZEs'—e1e7E+1E?7

longer function correctly within the altered osmotic activation of TRPV4 and RVD mechanisms were

environment of the NP. reliant on AQP2 expression (Galiziaetalidl1 XVWX i1l
Cells have adapted complex mechanisms to sense Similar activation of TRPV4 and RVD was reliant on

and respond to environmental stimuli. A group [1'—1-"720Z721a@S+'YS>¢1 et IXEArvind 10

of transmembrane proteins that play a key role in  and AQP4 and TRPV4 have been shown to interact
adaptation to the environment are transient receptor ~ to control RVD in mouse retinal Mller cells (Jo et
™~e7 —e'Selll U1E'S——Zeceil ‘ZlaliAIXEW[&4iAel BRS¢l Sece“1<ZZ—10'~ —1
enable cells to respond to environmental stimuli  with TRPV4 in mouse astrocytes and form a complex
by altering intracellular Ca 2* concentration, which  that controls the regulation of cell volume (Benfenati
activates signal transduction pathways (Samanta et et alid1 X VWWetiali Ta K YW\ (1 'eZ—«’ Zele'Sel
alidlXVWAUTL ‘Z1e>S—0'Z—e1>7ZEZ™BewlI P2 27V SEIELaded"ewvl-o1 Sele'Z1-5
a UlezceS—"e¢10 W, \i1'SYZ1. YRAeahd TRRPVE miédiatadlcalcium signalling in
(Caterinaetal id1W __Juil —1™S>e’ E7e«S mduse a@rbtRes (MdaZetalid 1 XVW\UT1l ‘"el>Ze7e¢Se
shown to play an important role in cellular response role suggests AQPs, along with TRPV4, contribute
e"1"e-"'E1S—+1-7ZE 'S —" @ §daexViakmaryifuddadertal processes enabling cellular
Liedtke etal id 1 X V V Veétal i 8" 6/NV W 0 1etall » —&taptatibns. This is in addition to the function of
XVVVO1l “ee, BbalZd VWA iT1 Z 1’ ;e AQRS"asassivé sater channels, which has been
in a wide variety of tissues (Everaerts et alT6 1 XV ¥uygedted as one of the many mechanisms that
S—e1'1SE'YSeZelct1'¢™" ~0e—"+’ (Bthrsall-chabie NP Zells 1dEehse thanges in their
Y e7-71"—E>72SeZ0edlZ—S® Fhid « ‘ettdcellular ivirbni@ent (Sadowska etal id 1 X VW A Ui
leads to the activation of Ca?*, « Z ™ Z — «*Zhanriels Other important mechanisms enabling cells
(Arniges etalid 1XVVZiul1lS—el1>Z¢7Se">¢ 1Yo adapl 10 Ih@&p dSretit lenvironment involve
0 01-ZE‘'S—'e—0ell 'Z¢+"Z21S—+1 >'tHe fibiction ¥f\pviiary cilla. Primary cilia are
etalidlXVV]ilSeeZ>1 —'e’'SelEZeele7En"apideZ eSS EIitt>*SEZ1>+S5—7
52070807171 2i17017—"eC0eZ01S—et 1S5 G721V Vo eSSl Ze10Z2Z—272>S+¢1
and intracellular osmotic pressure, to control the including the IVD (Donnelly et alid1 XVV2Auil ‘Z¢1
>8eZ1 " e1 EZeeloe Zeo' —e1S—e1 S« 8aWmbdulate gighallingpathwads In response to
environments. many extracellular stimuli including alterations in

However, there have been limited studies on  osmolality (Choietal id 1XVW _&thliSHITXI¥WVol '»~"¢1
TRPV4 expression and function in the IVD. It has et alid1 XVW]il1S—+1-ZE'S— ESal, c*>Z e
been shown that exposing mouse mesenchymalstem XVWA"01l E «Sce‘S—1letalid1XV WYV i lvia specialise
cells to low magnitude compression enables their  signalling (Delling et alid 1 XVWY il S—¢1 1E'S—
o' 757 —'Se’"—1"1S8S—1 1 EZee, AN MEMmbErsE iREHiding TRP\&] are localised to

Z,2™Z7 —e7—o1™ St GAWX 8 W10 Ifimaryicika(Corriganetal id 1X VW2 ot ad PVIX YW 0 1

bovine NP cells TRPV4 expression was upregulated Nauli etal id 1 XV W \@i 4l i®dsX VW] eétlal i TXVYW]id1l
<CL1'¢™™ “ce—"eSe e tlali Bk XAW\ 71 * higlkighting their role in cellular adaptation to such
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e’ —7e¢'i1l "o’ —1¢'Z1 81™>5'—S>¢1E’+’S1S>Z IMatdidls-dhd-Methods

for cell organisation and function (Lietal id 1XVXVi1S—e1

have been shown to modulate their length in response  Experimental design

to osmolality (Choietal i1 XVW Uil ‘Z>Z« > A®d1 'sriveswWidate TRPV4 expression,

4 or TRPV4 are localised to primary ciliainNP cells, '——72—"""+e " E'Z-"@*>¢10 101 Sl ™Z>e"
c R 1E 2001525071 1S1E",07—ETE aBeuZ ol AnT /sS04 1707 —7>S71"'7-S-
cellular adaptation to the extracellular environment. ST ESe @S T —17e1 Zo1l Z1S—e1 ™5

As AQP1 and 4 are among the AQP isoforms was determined in human NP cells using confocal
¢'Se1'SYZ1S1«'1 SeZ>1™Z>_28al e’ mictascopfE Theselinvestigations were performed
XVW[01 S—e1S5—¢1 7>"-S—081W__JUISEI»17 @151 1HENSRAL—01 1 Z1>Z2™"
and whether AQPs work in unison with TRPV4 is  (Snuggset alid1 XVW _1(81S8S™M™M7S57e1 e’'—'+S>
important to understand, especially as a decrease staining observed here. Furthermore, IHC for
in AQP1 and 4 expression is observed during IVD AQP4 and TRPV4 staining appeared to identify

degeneration (Johnsonetal id 1X VW [ @lal 87X eWE 7B 1 cee>72Ee7>720il WloeeS —' —e1 ™S4,
This could resultin a loss of NP cell adaptationtothe  reported (Snuggs et al i 1 XVW _Gle’'el —"e¢lxe'™ 1l
1Z—Y'>"——-Z—e81 'Z—1"e1<ZE -7 S'¢M_vEM™MSAEL-e1S—ele'Zel 2521 —"¢

—1See’ e’ " 31 ™ 7 —e'Se]l E", " ES stheecBrrefitstldy.« ‘1 ™>'-S>¢ 1
E’'+’S81 “"E'1-S¢17Z—S<e721S5+S ™S~ Talinvastigate ol harBar NP tells respond to
osmotic environment, is important to determine. shifts in extracellular osmolality, cells were exposed to
The working hypothesis was that human NP  rapid physiological alterations to osmolality to mimic
cells are able to adapt to their extracellular osmotic  ‘ZSee'¢1S—eleZe7Z—7>SeZ1E"—e'o’"—@1S—-]
environment by rapidly altering the rate of volume o775 —ele’75—Sele”Se’—ejl 1™eSe7 575751,
and water permeability change, and that the functions ~ Ze'e’'ce’—ele‘'Z1ceZe*,3272—E'' —e17Z ZEece1l"
of AQP1, 4 and TRPV4 enable these adaptations that response to relative intracellular concentration, was
are potentially lost during IVD degeneration. To used to determine the rate at which NP cells respond
determine the physiological roles of AQP1, AQP4 to extracellular osmolality changes by modulating
and TRPV4 in the IVD, this study investigated the  their size (Fentonet alid1 XVWV il "1eZeZ>-"—7
expression of TRPV4 in native human NP tissue to actual change in cell volume to rapid changes
determine if levels were altered during degeneration  in osmolality, flow cytometry and fluorescence
S—ele'Z1™"e7 _e'Sel1E",* " ESe+’ eS - Micrdstopy methdds/wereAnilised’ Measurements
etalid1 XVWWIid1l Z1S—e1 ™) et &, ¢ taEehe frm Both thedrdte of cell volume change and
XVW]Uil Z>e'Z>-">72081'" 1'2-S—1 1tfeActuabck|S/olme charigk were used to determine
changes in extracellular osmolality and the potential ~ the relative water permeability from equations
involvement of AQP1, AQP4 and TRPV4 inregulating  outlined by Fenton et alil XVWV Uil 2Z1+" 121"
EZeelY ¢72-721E'S—721S—+1ES-E’ awalerperinedbifyeflA®P¥ and 4 and the proposed

Fig. 1. Experimental design used in this study.
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»"eZoel"e1 Z1'—1 1>Z+7+S+' " — 3 1TRPVZ (otell dx@esSion-in datile human NP
inhibition of AQP1, 4 and TRPV4 were utilised to  tissue
determine their role during these processes. Calcium ‘Z21Zi™>Zoee’"—1"1 Z1™>"e7’ —1"—1—"-
— 7i1'— 15720 ™" — 71 1S 7571 " cqRIAVBY'?8 DL S ZoIS o« 7% Uy « SN T2 S 27Nl ZY Z> 7 ¢ ¢
cellular adaptation response, was measured using degenerate (N1%AW Vil e>SeZ¢1'72-S—1 1le'cccezZ
" Z1eH>7ZEe1ESE’72-1SceeStil asskssedusifigHtCas degctibed previously (Binch et
E",o"ESe'®eZe1l'—1 1EZesell —+ @ISELIXYXWULD-Se FeNMLI B Z%l7 001 25217, Si:
e 7—Ee " —eidle™ZE’ E1'—" > cailderidogentuEpSoxidases biotked béfbre enzyme
7Zele 1 —YZ@e'eSeZ1¢'7217 ZE+0Sl"eleZSES T ELEN-EMYVIBMA-"e>¢ ™o’ —10 -
ESE' 72-1"— 2j1 —1>7Z@™ " —eZle« 1o E I F1-ck~—THXM1> 181 WERV1 S 51
EZeeel 252172515725 Z+1 '+*1 e ™ZIE[UEE"—"5" e Y U[W4 > 1Y V11 S 1

block channel function or left as uninhibited controls Y@ pil "—,e™MZE’ EL1S—e'<"etlc—e' —o1l

during all experiments. The experimental design is W &YU1<Y —Z1eZ572-1Sk ON-&Y-UT —1

outlined in Fig. 1. e"8SeleZ>72-10 <cES-81 S—<>'eezZdl UlS-
OY&YUler>',c2eeZ>71 0SS Z10-101+"

Human tissue processing and grading temperature. Rabbit polyclonal primary antibody

Human IVD tissue was obtained from patients é oS —ceel AXVMVMOMIS< ZAM\7231 <ES-u1

undergoing microdiscectomy surgery with informed — E7¢SeZe1"—10e’ e Z@NTYZ»1 8 el SwlZ 1

consent of the patients 0 ‘Z Zeel ZeZS>E ‘1727 EdefeZ1'—1 1EZLaRYUIIYWLZ1
“——"47710V_& WYVA&]VUiT1l 1 ce ceiuimlalSuosit apd +dG eedtrols were used in the
WMI1AY&YUl—Z2¢>Se1¢z Z>71+">—S lacel ¢ tHe @igary dntiodylat an equal protein
2¢—7001 Ud1Z-<ZeeZ+1l’ —e~1™ S, onedntfiidrs Sldek Zvare then incubated with goat

sections were cut before being histologically grade® —e«’,>S<c’e1 o 10 { G410 "¢ —U1lZE " —*S>
using previously published methods (Le Maitre et al.,0 ViIIVV 81 S<\]XVd1 <ES—iMlle >l YV dC 1
XVV]uil 1@S-™eZoel Z>71 o Z™ Shiding whs-detscled’ by adtling-Elite °ABC reagent

groups depending on their grade of degeneration: 0 ZE*">1 S<>Se¢™>'Z0@d1 ZeZ>< >Z2+:41 (le"
— " — 02072 —755¢710>SeZ1V,ZU81-"0FsF» 7 el wZaPMLISSA/NL e 0™ ZelctABoe e~ "

0>SeZ1ZiW,\i_11S—eleZYZ>Z¢, 02> CZ\A&ZYﬂSZHZSL&-ﬂSMZ&H WYXAN ,¢'S—"—"<Z—£ ¢ —
0Ze>S ' Ces " E 07> 0210 'e=S, e E'WEE1 17>
NP-cell isolation and culture at room temperature. Nuclei were counterstained

Human NP tissue was dissected and cells isolated with Mayer's haematoxylin for 1 min before slides
using2 —+&— 1E"eeSeZ—SeZ1«¢ ™71 10werZ HehyHrateds tlédrexld and mounted using
S'ceeZ¢d1 U1Se1Y]°Cfor4h,asdescribed fresiodsly 0 Z'ESiil «’«Zcel Z>21Y @28+ ce:
(Johnsonetal. 31 X VW [0 Bt akDdeXd/IW 1171 “eew¢—™MAcel \W1-"E>"E " ™MZ1S—¢1'-Se7ZcC
isolation human, NP cells were expanded using 7o’ —e1l Zee Z—celoe"ee $S>710 ¢¢-™70d1 "7+
7 «ZEE" @1 "¢ Zel SeeZ1-7'7-10 U001 'OE" &L ESeeCle’ s’ —E+1S>72Se1"1
S'@eZ¢d1l Ul®@z™M™MeZ Z1 V&Y UL TNl ZelcZe">7217@ —1S1>S@eZ>1™S47>—
Y —Z710.72>7-38WYBNVY E' 2o &— 0N WAL ' e®@ZZOLE"2—+'—+1Seel 1EZeeel —
Re>Z™e"_¢E —10 "«<E" ualx[ug/mLamthtHomes@@m posmve purple nuclei stammg
0o’ (E'GL "o —o'S—_81"BIL Xee72eS—"—A¢1 RIS YZ Uil 1o  eBE B VVILZ1E " 7—<7
0 '«<E"01"—1-"—"¢S¢Z>12™1."1™ S cefoe &el HuXhan IVD tissue section and the percentage

of positively stained cells was determined.
TRPV4 gene expression in native human NP
tissue TRPV4, AQP4 and primary cilia localisation in
Directly following human NP cell isolation, RNA human NP cells
SwelZi*>SEeZel72e’'—e1 £ 10 'eZ Hum@n NP telloWiressiéddsd-ntdlchamber slides at a
cDNA synthesised as previously published (Johnson  ¢Z —ce’ e ZAPYIRZls e 02 & Zoo1"YZ>—'e'eil Zeeel
etal I8 1XVW[odtabid AoV W 1Tl ‘Z1eZ — 7 1Z4TN5 21068170 1AM RV 11 ™M S>Se">_See7¢e7
of TRPV4 in directly extracted human NP samples ™ Z75>—-7S < ¢’ e Z=+"l="DARI — 1O &MIL >~ —1

Sl eZ—e Zel72® —e18 , 1"—1E ,MWVAOZ B Zele> E ' U1S—el' ——7—"0e7"
> —1—"— 77 YAVBUALEGAZ>S 7 ¢, Zpritocds $eié Jperformed as described previously
(NBAW]U1S—el0ZYZ>Z¢ WHX-173S82Aidgs et alid1 XVW _ (i1l "1eZeZ>—"—Z71 ™ 7

1e’0e@zZ10 S<eZ1WIiil >Z,¢Z0's—3"ESSeSS+TMIA>8 Z& Z1S—elt,02¢7e" —
TM>”<21—'i1-”>1‘2—é—1 Z1eZ—Z710 wediwMUsl andtidal irrividabtaining was performed

o1 ZE'—"e e’ 7Z®@iUl S®el7eZelS¢1ilEI*SS el tI«T11EZee@l '*+'1-"702Z1
theaverageraIuesoftwo housekeeping genes:  S—<'<"+¢ 1SS’ — oMV VELIEW [WXI1 <ES—-0i1¢
GAPDH1 S —e¢1WA"rceil SeS1 757218 —SS¢02ele™ ZotpEa"o-L 8IS —o' "¢ 17E\EV-STee1
2' *method, where each sample was normalisedto  S<_ Z2\"31 <ES—-101"5>1>Scc’el M et E e~ —
‘T7eZ"ZZ™ —eleZ—7010 'YS"1S—+1ISE"—4p 71+ Y VWA XPNZ ] IABYRIS A >
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Table 1. Human patient and IVD sample details used in this study. Samples were obtained from

" E> " EZET—CleZreZ>C1 > 1oy =1 ™M el —"5e7-1

e Eml "——"472710V_& WYVA&IViIUTL S—™eZel Z5721@Z™S>S¢71¢¢1SY272>S5-71
077 —7>8S710V,Z081—-"02>SeZe¢1e7¢7—7>S¢Z10ZiW,\i_11S—e10ZYZ>Z¢,eZ27
Zi™MZs' —7—eSel™ " ([EZe7>7Z001e 107275 —71721—8e'YZ1eZ—710 ,8 10U1S—e1™
"—172-8S—1 0081 >17w@Z1 ' —1EZev7S>1 007’20l 1eZeZ>—"—7Z1™>"e7" —1e"(

e 1T — A EZee 1Y 072 —781 SeZ>1™Z5-78<¢e'e¢1S—e1ESE'7-1"— 7iil ‘Z17Z;

was used in is marked by ‘X'.

Tet]— e ZelE"—@Z—e1 e

Patient Source Age IVD level Average grade RT-gPCR IHC Cellular studies
1 Surgical [z [& W [ X
2 Surgical z [& W \ X
Y Surgical [\ Z& [ [i] X
4 Surgical 42 Z& [ Y X X
[ Surgical zvV [& W Yi_ X X
\ Surgical Z] [& W 4 X
7 Surgical XV Z& | 2 X X
~ PM Z[ Y& Z 1 X
_ Surgical 42 [& W 2 X
WV Surgical 42 [& W Y X
11 Surgical Z[ Z& | Xi\ X
12 Surgical 21 [& W 4 X X
WY Surgical Z\ [& W Y X X
14 Surgical 27 [& W 4 X
W[ Surgical Z[ [& W 4 X
W\ Surgical X\ [& W 4 X
17 PM YY Z& [ 2 X
WA PM YY X& Y 4 X X
W Surgical XV Z& [ Y X X
XV Surgical \Y [& \ 4 X

21 Surgical X[ Z& [ zZin X
22 Surgical Y X [& W [ X
XY Surgical z\V [& W [ X
24 Surgical Xn Z& | \ X X
X[ Surgical [\ [ \ X X
X\ Surgical 47 Z& | \ X X
27 Surgical [\ [ \ X
X» Surgical [\ Z& | [ X
X Surgical \[ Y& [ \ X
YV Surgical Z[ [& W \i [ X
YW Surgical Y] Z& | [ X X
Y X Surgical 47 [& W [ X X
YY Surgical Y X [& W [7] X
YZ Surgical WA Z& | \ X
Y[ Surgical Z\ [& \ \ X X
Y\ Surgical YY Z& | [ X X
Y] PM YY Y& Z [ X
Yy Surgical [Z \& ] \ X
Y Surgical Y[ [& W \ X
zV Surgical 42 [& W [ X
41 Surgical YY [& W X
42 Surgical zn Z& | n X
zZY Surgical X\ [& W 12 X
44 Surgical YY [& W X
Z PM 74 X& Y 11 X
Z\ Surgical X\ [& W 12 X
47 Surgical Y\ [& W n X
zn Surgical Yn [& W 7 X
Z_ Surgical 44 [& W _ X
[V Surgical XN [& W " X
[W Surgical zZY Z& | WV X X
[X Surgical \ X Y& Z WV X
LY Surgical ZV Y& Z 11 X
[z Surgical i X& Y n X
[[ Surgical zZV [& W X
[\ Surgical Yn [& W 12 X
[] Surgical \\ [& W WV X
[~ Surgical Z\ [& W \WAY X
[ Surgical \[ Y& Z 11 X X
\V Surgical Z[ [& \ [ X
\W Surgical Y~ Z& [ 11 X X
\ X Surgical 1V [& \ AL X
\Y Surgical 47 [& W AT X
\Z Surgical [X Z& [ 11 X X
\[ Surgical Y Z& [ X X
\\ Surgical YY Z& [ n X
\] Surgical X [& W n X
\ A Surgical Y[ Z& [ 11 X
\ Surgical YA \& ] X
1V Surgical 42 Z& [ n X
71 Surgical Yn [& W n X
72 Surgical [Z [& W 11 X
1Y Surgical Y\ [& W \AY X
74 Surgical 44 [& W A% X X
10 Surgical [Z2 [& W _ X X
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S<XY[][_01 <cES-u1S—mAV YV dA1Skx WZLARI®Star® plate reader (BMG Labtech, Aylesbury,
C(ES-081>Z@™ZE+'YZCil >’-S>0¢1 @2 SR 1Z»ZI@AEAEIZleVool-—"071e 1077 E~
7oe'—el EZeCe,. .. ,o7¢72e'—10 T@obV 18 XA YE'2CHL "«'1S1™>707Z+1"+1ESEZ' —1
— <1 0WIWVALU[YY[81 Zeel 'o—Se' ZAY WEFIZST{¥FIYVUil 1" —Z¢ ELl —¢ &
T—e"— 381 U1Se"—ee’eZ1l Z1 ™5 SIxEeT T2 EAB LG0T a1 S e[V 1
eSS — —eil 7> —e1ZE " —S5>018 — ¢ N B e 820 17 pA el 1’ —FAEIHL0S1e
EZeeoel 72>721"—E2¢SeZe1 '¢1¢"Se1S52@23SESA 0183 Ziile1-7+'51S5—¢151 —Se1"
E>"ce,Se@™ H><«ZdP1ZLSAMYDL WWNASI -1 01 AURAIS-t[VE-eZ>YSeelie"+Se
— VY5707 —081 S'®@+Z¢d1 OBdU10Z22WDYMUYL —ZAMNMST@€I1 'Z1™> e " E eleZ-™7
S—e’ —"7@Z1 + 10 , U1E>"e0e,S*&® HYIHONSZpF 1 24 ™ eSe7157Se751"—“ZE">1S-
\YYURMWYVEL ,XWV[VE1 — Y’ o>~ 7 —1i prinfeak Xithl ari appropgidte amount of treatment
‘Z—1e28el eSS — —el1e">1 Z U 8 hedis plidd to expefimehtsl Once injected into

e 10 , U1E>"e®e,Se@™ > <7Dl ZAMBNBESE 1 Zee10E"~—-=BYX]le18g411 uo1l
YX]ZVA1l —Y'e>"eZ—107200721¢>1SEZEp 2 +oAc74+ Sl13SMede¢1See7>701e'71 —
¢e"Sel1S—e’ —"7@Z1 ¢ 10 , U1 E>" e ey, IAXXTDIND[D 2R 2[(A[11S1 —Se1"e-"+Ss’
Fluor®1 Z N AAWWB 1 Y X]XY 81 — V' o> e Z e iXX[deZ& 16247’ S1E"— «SGY&YAY"T[1

Z1 ‘Z—1¢72Se1eeS — —el1e>1SEZCOW.X{DeZ& 20 iilll S'eeZldL-“ZEeZe1 ' —e"172SE"1
were mounted with diamond antifade mountant —Sel"@-"eSe e IEeRYXT1eS—+S>e1 1
"et1Z B\,0’S e —" X, ™M Z ¢’ — "o 7 Iwastnjectds info éaghiwell (no change in osmolality,
a U100 "eZ1 ZE' —" "¢’ Zc@ilil ES—=3"2@llSH2SESe1 " @-Be-Re"e81 12
TESe eSS " —1'-SeZel Z>Z1ES™e7>ZI1S1EIS—23 —1TAQ VKN Y E >~ oo fel-0§ X[l 1
E " —e"ES 1-"E>"E" ™Z10 Z2'ceedl Seedh’s+7DE « A1l e+~ AASE1 Zeoil >151 —
Z—1lm™ee $5710 Z'ceceli [X[d ;e—&"+81-7'S1E " —+S "+ 1 ZE V=71

0] XfFlee—-&7+i01 Sl —“ZEeZ+1 —"172SE"

NP cell metabolic activity in the presence of “e—"eSe’e¢17e1See i@t —®l S1IE"— >-
inhibitors point osmometry (Advanced ®1 “¢Ze«1YYXV1-"E>",
7-S—1 1EZeecel 7>721@7Z72721" —RLAZZo>AI™MYFeZET 1 —ee>72-72—2ed1l ~>
0 ">—"—ed1 o' —ee'’>7Z081 U1 2M\51 -Hlatesewere loadédwnto the plate reader and

EZeo@& ZoUWIZNT 172 {™Z5' —Z —e@i™ 2" ELeloVZ ¥V>Z21™7Z5¢75-7e1"—1 1EZeecele:
Sce™’',Se7¢81>72@SE£72>'—1 0™+ 72-1 daSiphcate to-deBrminesthéraie bf human NP cell
e E"1e e 20&—DBAYM>Z™S>71°—1 swallihg&rd hrinkage in response to physiological
eleZeZ iIWMV1GZoe —-1 1S —e1 SalidratienEit eStracellular osmolality. Experiments
S 1 EZee R SeMHMN AY&YULc<Ze">7 1S nard>psforded after 1 h incubation of NP cells
Se15>72S¢1Se17 | E=SOTZAbf0MEITNFSY>IZSe¢100ZZeZ1 —e"1 \Y¥EPE EP e SceRoe 1 S
Cells were exposed to no inhibitor [ DMSO (dimethyl ~ well) 1 "¢‘1 —"1'—‘"<’«">1{ 1YZ " E«Z1E"
RZe™ ' " "eZU1YZ'  EWMNME" &1 e pWWVM-"¢& 1 W1’ ' —" <« >10 W’'G1d 1
— ™10 WUld 1 WIWHL TEWEL TEe @V CEESTEBAZUFZNAYMVYV o751
('—ee”—31 UATY¥M Z1'—"<¢ 7510 0Z'@1010 1VXVel "E>'eel "eE'Z—EZil"
0 1VXVdl "E>' el "oe@E&EZ&®Z01Z21Z2i21 — " +"510 Z'u10 ,Vv\]vz]éel '
e 10 Z'010 ,V\]VZ]81 'e—S, e XEEI UL IWALZ>—"—Z1e ' Z1e7—(Ee'"—1"ele"
X1 > MN¥"1eZeZ>—"—71' 217 7ZE-+1"+1EnSherate/of NP-cell swelling-ahd shrinkage. During
on metabolic activity. Fluorescence values were inhibition experiments, all washes and treatment
normalised to acellular controls. Metabolic activity injections were performed with media containing
Sel™Zse™s—Zel"—1EZee1le> " —1Y1WHVZe& e 1 W2ASY VR TE SZZU 1 Z#& 1
for each timepoint and treatment. Z2'1 ‘Z—18S™M™M," ™M 0§61 ZeSe'YZ1 2757
calcein (F & U1"YZ>1'-Z10ctilE2z>YZel Z>Z1T

Rate oj human NP cejl swelling e}ndvshrinkavgg 3 the rate of Ehegh%nge invFl&vvlvasv determined by o
Z2-S—1 1E®Zeeel Z>Z1eZZeZ*1l 4 AedeBASZLSFdlvde” Ze1<c¢1"—Z1™M'SceZl
\, Zeel™eSeZ 0210 ">—' —e UiENGE 7 « Aexsdenedibéariralression analysis to curves using

Zeoel e HhMNZMY ">1 " 172 {™Z> -7 —e@idSHBZ1>"e—1Y]iVYle ee S>7Zi
0 WZYVEL —VY'e> " eZ—(d&d"EM11S1[Fe1l
™y e7@EZeil Zeecel Z>71=Seg «1E & 1EIEll size determination

1OW1IA1IWAVVV1er —1ee " E"U1' —1@eS5-SeSte lEEAFsBI-Fw3S11 Y1 —e'Y ' e7Se1
OY X e—-&"+il1eb1l—VSU Y] ¢eZ>1 ESoET 2 HSeZ0U1 Z>5Z7Z1>¢™MEe’—"0Z+1S5—-1
incubation, cells were washed twice with standard e eS—eS>e1 EZee75721-7+'S15WISE 72 <&’ » ¢ 1
E 7007521 -72"5S8181 —SelNosS2ZiBeilive cells were labelled with CFSE — Cell
culture medium was added per well and cells were ScZee’—eI WAUWVILISCWWYA[Y&IN<ES—-U1le"
See™ Ze1e™17877 ¢ ¢>S 7 1Lo"> 1SV d[RT protected from light and washed before being
to experiments, protocols to measure the rapid rate  resuspended in 1 mL standard culture media. No
"elE'S—eZ1'—1ESEZ —1 2572 EL—EZIY 3L —1E X BH e ZASE 721e5>" 181 W1
with altered osmolality media were set up on a  TRPV4 inhibitors were added as above. An equivalent
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amount(1 — (117 ¢1SeeZ>Ze17e—"2S e ¢ 1> Naterpbrmedbilied&drmination
was added to cells for ~ Y‘s!(time taken for calcein  Using values calculated from the rate of NP
F &VgEz>YZOe1- 1™eSe7S70U1c¢Ze" 5715 ce&sm&ﬂe@ﬁdeshrmkageland NP cell size

Q™ ™™ e'" _Sele"1EZeeloe’' £Z201 S odktelmiBation—tHe Water IparviéaBity af human
ZYZ—eel7e’—+18S1 Se’¢7> 1 ~ 1 (R eélisdn Fespdnselto alterations in extracellular
TR E'Z—EZedl "' —«'S-81 01S—edmdaality antidhe pbteritial involvement of AQP1, 4

Y[IXiWla~ee $S>7Z10 1 '~ E'’Z— E ZamdilRPV4,; was detérriitet] usihg Equation 4.
oZe75-"—71SE+2S+1EshreainmentllsatsZ>1YV

S1e7Z — ' VN E XKl &— 1 Z2>218e¢Ze1¢™1 "7—eZcee 1

EZee1E 72— —e1E" é_<2>1oe-'-20e10 — VY e eZ —1185—e1'— S Zeel

“el1e'YZ1y S$5<7i¢ 2757200 EZ —1ZEE ' —'—'eCelZ07>10

8 —Zepdloezoe™Z —eZel 1CEZ--erﬂu§t0%I'fl §te"ﬁp§r!‘f@9"§36é1 &7 1 = water ‘
81 \W1 252 EZ—EZ1-"E>"ce E"™omnganlly. Kbl E —%- S—'l‘ 17 —Z1™" S,
EZee Z—@le s $>710 +C-™30eiil ﬁ%@ﬁ‘)@l\“/i’@ﬁz%.iwm = @HZ51

E7ee8> 7™78eler"—1X 1'-8eZce1 s"c%':dmﬁ ater ”eaém_%’?oé”' = opll surface area,

ImageJ (Schneider et al id1 X VW X iii1 Zeeel &I g4l " ' A © Sartial moldr

SE™MZE1>3+ "1 «1A Wi [15—-15—15‘(z§1'z~]1A %V\?vyfmm“’f‘l‘oel‘lu P, ALY ,
ZiEezeZe1e"1>2-"Y21e 3¢+ Z0 & E~2- MeAG 1R Z&flss‘ 231y <I-Z1E'S—eZ1"-
debris. Size calculations of cells in suspension relied c1ange in extracellular osmolahty, K >V Vermin? b 1

on the presumptlon that all suspended cells used describes the theoretical fraction of total vqume“
e>10718—8e¢e’ele1X 18—e1Y 1EE. ST‘ZéiMJﬁ SN b i S (R S AT B2 4T A
morphology. Cell size was calculated from a series '€ Of volume change (Fenton etal. 6 1 XV WV i

“"e17878¢' " —edl >oe--¢1-~1o2-2>—'—21£]‘21>s- zfo?h e CEZ-Iloef Hoat
> —1X 18>781-78e2>7-7—ece10 &% .11EY8agE PTorhuman NP cells, for each patient,

was calculated in response to physiological changes
17 —"eSew RGEKM[IXX[1ZXH eH&[1
"e(1l 'et17>1 'e'"7e1 W’'d1 Z'1S—-1 Z'ila
it was not possible to calculate Pf1+">1 ¥ Xt & "1
Scele'el ®@le'Z1@eSre’—e1-7P§1E"— E
. ] ] . . values were normalised to the average Pfof controls
Equat|onV1.VRvad|usofaC|rcIe'|'1 ‘ZoZ%radius, 1 4e 7187 —ETL el — e s@BLle"1eT e
Al%1S>2S01"1% 1™ of AQP1i, AQP4i and TRPV4i on the Pfof human NP

) ) ~ cells at each extracellular osmolality change.
Once the average radius of cells was determined, this

was used to determine the average cell surface area 5~ ZL 7 Ee 1ESE'7-1"— 7{1Se®eSt
0 828" —1XU18—e18YZ>SZ1EZ+-1 ¥ -Z 10 3257 =1 \_’Lu 81 1EZeecel —1
for each repeat experiment. extracellular osmolality alterations was measured

Ze'—el 77,21 >ZEe 1ES+E'7-1S®e®St¢
—VY'e>"eZ—01Sel™Z51'21-S—72+SE*2>7
Equation 2. Surface area of a sphereil ‘Z>Z %~ S—1 1E&Z--cel Z>Zl,,°e%z'%:11—‘ 1SE
A11/210ei>-§CE21S>Zé61"11/21TM’ar—rad|u§"1TM'S Zell —'—- i VG T=d o fe A eI
>1Z2IM5 751 67 1Z|TMZ> —Z—eeil 27,21 '»Z
ESeE® ' 7-1>72SeZ—e1e"Se’—ele™eze’"—10 —
prepared following the manufacturer's guidelines:
o WW11 «27,Z1 >ZEs 1ES-E'2-1S0e®S¢lc
Equation 3. Volume of asphereil ‘Z>¥ fvolume, SeeZele”1"—71< 472171 27,21 »ZE+ 1ESE
"1% 1™’ §r = radius. 0E"-™"—7—e1 (1il Z¢'S1 SelSe™ ' >SeZele>™.
2872Se1Y"e72-21"1 27,21 >ZE+ 1LOXY%ULIES-"
Both cell surface area and cell volume measurements, ¢~ Se’ —eloe"eZ¢ @ GUBX|ifteeS—eSs>e1E Zee7>71-
along with the rate of change in F, & gver time, 0Y]#P[1il SelSeeZele " 1EZeeedle 5151 S
were used to determine the water permeability of J[2 A™Z>1 Zeeil ¢SeZcel Z>Z11SW¥ 71"
human NP cells in response to altered extracellular  protected from light. Following incubation, plates
osmolality. All cell size determination experiments  were ready for experimental use without removing
were performed after 1 h incubation of NP cells with 727,21 >ZEes 10XY%U1ES-E'2-1>72ZS-
TL'—e™10 1YZU EeZ1ET—+>" U GsblutioM 'dndl staldard culture media from wells.
GOWVYVY & 1 1 WI1IW06l "E>' el ""eeECSLEFEEBLIOL 72711 —e"17-S—1 1EZeecel —]
GYWM™e& 1 1VXVEl "E>'el '~ &' Zphydolbgidabakeratighslof extracellular osmolality
0Zin="+& 1 ,V\]VZ]31l "+=S, s> E(VR[Ib'-EHUXX[d1YX[d1ZXpAZTX[1-S-1
were also added to each wash, resuspension and ~“e—"eSe’e’' 7l Sel1™/Z>e"5-71"—1851 |
CFSE incubation steps throughout the experimental >, 7S«75>1( 1 SceZE‘(Jle"ee” "—el1e'7Z1S-7"
procedure. outlined above (Rate of human NP cell swelling and
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e
“1e

shrinkage 181 ’+'1"™e' EleZ4’ —ecelE" JocaligeWith AQQRAEFHS 8'S-61 S —el T, ,072¢72e'—1
S§e1Z—21S—e17—" e "—41SYIgqWVI—IMF oAU "« 7 —e'SeetloezeeZoee’ —el1>7¢ é z
as described above (Rate of human NP cell swellingbetween these transmembrane channel proteins.
and shrinkage il Sl —“Z@EeZel’ ' —e"1 ZeoeZ1 foeeT>1 421 ST 1 E~,c " ESe’ @Ze1 'o'17
V7 EL C—PplWVEELTL el Z1S—el —eZASeZ+1<C1SEZeCeSeZeleigiili-1eS —
2521 72—+l " 1E " ,s"ESe' ®Z01l®iseZes —+1E - —Z+1
functions, experiments were performed after 1 h  Rate of NP cell swelling and shrinkage in
incubation of cells with either no inhibitor (DMSO response to extracellular osmolality
YZ U EeZ1E"—e> 61" +& 11 0UVXY 51 "RElateeifluorescence (F &, F, = fluorescence at
51 Z'10Z478 1 V\]VZ]61 Te—S, eey -GZlu—é}l’z&bZoeCEZ—CEZlS 1<SeZe —Z01" 1
' —70eS—7"700e¢1SeeZele”1EZeecelcakelninhunzm NBZG]]'s-rsllnearlycorrelatedwrth
OXYU1lESeE ' 2-1>2SeZ—e1e"Se’'—o lemeraeelIular—esinfblalrtyl(asZos‘rﬁolalrty decreases,
During AQP4i and TRPV4i experiments, inhibitors calcein F &,; — &> ZS®Zeild '*il1Zatdl ‘Z>ZSc
were also added to treatment media prior to injection.  volume and extracellular osmolality are not linearly
correlated (Fig. 4b i1l ‘Z>Z¢ " >7Z81 EZee1Y e2-71CE
Statistical analysis be directly determined from calcein F, &, actual
TRPV4 protein expression in human NP tissue cell volume and the rate of cell volume change
0SceeZoeomrZelctl {1 Scele"7—-¢1¢"0 s@sponse—to®3raleHdlas odiolality must be
therefore, >7Z0e”See, See’ @1 '¢'1 $Heaswmed sepatately. The metabolic activity of NP
>’e(E ‘e~ | o’ eposthdc analysis test was used to cells increased over time (Fig. 4ciiil ««ZbE X1 1Y 1

"eZ—e'etloe'e— ES—ele 7Z57—EZR1I<TE7Z%1Z{1™»Z e’ AN Z " EeZ1E " —e> e

SE>"celer>SeZel™eleZeZ—7>Se'"—il AP&SaiITRRE/theloetabekc ackdty of human

> —"SeZ10Z2¢7>-"—Z71<¢C1ESEZ'—MNEZ7»Z@EBERId-—ScEAS —<¢1' —E>Z2S e
"—VYZe'eSeZel —1ey ™M ESeZ]1’— 1 ThiScubhtion (ERAMEMYVWLY D "¢il1Zciil ‘Z>Z21 ¢
™Se'7Z—eeil SeS1 7>721—"— ™S,S_ 70 EL1SESL N2 E»7SEIL —1'21-72S5<" '

e’e—' ES—EZ1<Zes 272—1™S’57¢«1 ce SellSthedbaddawith-AQP U, AQP3i-addITRPV4i when
patient across 4 treatment groups (CTR, AQP1li, compared to DMSO control at any timepoint (Fig.
Z'1S—-1 Z'081e'Z1 >’ Ze—S—1dEie>Il -S@E S 21l —"1SeVZ507217Z ZEse1l !
with Conover post hocanalysis. Cell volume data cell growth or viability. Therefore, any experimental
Sel—"—,™S>S—-Ze>’EO1e'Z>2">2Z81 s B3 Ee, Sa 2@ ®E S+ 11<Z21S45 <7071« "1E"S-
Sceoe, «Z7Z¢+, >’ +E"«Posthoc-artalysis notalterations to cell metabolic activity and viability.
*Zeel ScelzeZele"l'eZ—e'sClce’s—" $a+~~na;z>2@@5-2@13’»}059052’-1 SelS
EZeo1Y " 072-7281S+1S1 jZ+170~"2Se’ ¢8I/ 0A—VE TSI 48"’ "—1 1E"—e>"e1
o>7ZSe—7Z—ele>"7™el1d 081 W’'81 Z0U1S81eZ>Z1ZiiWToeZe1e 1SeeZ57¢17is>SEZes7e
‘21 > Ze—S—1e7cel SelzeZele leZ + AXX|XNAX{LS ESIIEHNS 1 ScelZod Rl «'— 71
between the geometric mean of the FSC, and the >ZSe’—e@1l’ —1eS—eS>e1E7@z87147+'S10
Pf, from parred patrent samples when comparing a ’-Tl[aUl'l ‘Z—1E"—e> el -@B< &Ny KA1
>7Se—7—el1e>"7™Mel1l 81 W’'d1 ZdddSd-aftér basBlinedthe F & was unchanged (Fig.
at a fixed osmolality. Ca2*1’—-ozll S.S1 S[aoa[Ll—GEz<S-’”—1’ ‘1 TLRIAY VMY XVil1T>1
parametric; therefore, >7@@”See, See’ @l 'o'1 SHEMEABL & d1 ,V\]VZ]il1SeeZ>7+1+°721>7S-
~ZZ-, >ie(E"e” pOst—hoZamalysrstestwas used change in intracellular calcein F, & when NP cells
“1'eZ—e'etloe’e—' ES—ele’ Z>Z—&”EZZ§321—21WZGE-ZS-1(91—&X-[JLU TeT1[b0&elZX[1
FandtrmetakentoreachmaxrmumF &\)nNPceIIs "e10 '-rl[dulS—eel—[&&[-llu ’o'r'1[f[jl->2éo—2—-
o>ZS Zel 'e'le’ 757 —el1"0—"2Se' ¢ 71" /I >S*ZI5ed1@® ' S31e721" —1 Iz &\Zld-:-HEZL E?Z
Z'1S—-1 Z'U1Se1XX[ - e—&"*i XXfloe—-&"¢1e>7Se—-7—¢1 Sa—:-lcx—:- o—" ES—eet;
AQP4|(p}/le|VVXXu1S—°:E/z\/l|\Z\NL’E]}rIu1->ZS Ze1 1

EZeorl "Z—1E " -™S>7e1e"1—","—" e "—1E
Results 0 010G ’eilfcuit 0&2&&[~11->ZSo—ZL—&1 1
F, Soeloe o—" ES—eeCls ZCE>Zl/82ce\ZV1[H-11 Z
Expression of TRPV4 within native human NP andTRPV4| (p}/z\zUVVZ]ulCE —™M&, 761671 10 'ei
tissue e 1[Xfloe - &"-1->ZS~—Z—& lsmeloe o—' ES—est:

TRPV4 was expressed at both gene and protein decreased in TRPV4i (p L\Li VVXY U1E"—=™S57e171
level within native human NP tissue (Fig. 2a,b i1l ‘ZD 'eil[guW ' 1¢>Z2Se—7Z—¢1‘Sel—"10’«—' ES-
relative gene expression of TRPV4 did not change onthe change inF, & gtany osmolalrty but followed

significantly during IVD degeneration (Fig. 2a 111S1e’'-'+S>1 ->Z—- 1«71 Z2'1e>72Se—7—e10 '
The majority of NP cells expressed TRPV4 protein 1EZeeel Z>217i™MZonZ+R¥51UXPl— ES-1
in native tissue; however, immunopositivity was e"1-7e'S170e—"eSe’e¢1™> "51e"1Z{™ " @2>201
2—S Z®+Z+1<t1 1eZ+2—27>S+"—10F&{yagofsdived in TR, AQP1| , AQP4i or TRPVAi

was also still expressed by NP cells extracted from ¢>ZSeZelE&Zeeed1l- Zi& -\{al@i eelld bé

human IVD tissue at passage 20 "¢i1Y Uil "o’ A >L"—Z¢1(0¢SeS1—"elce'~™ —Iii
EZ7ee252+1'2-S—1 1EZseel Z1 Selez—ele"1E"
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Change in NP cell volume in response to volume of AQP1i (p MiVVV\idl YiVMpZilS—-1
extracellular osmolality alterations TRPV4i (p ¥YMiVVV[ile>Z2SeZ¢1'2-S—1 1EZeece
‘Z17«eZ>YZe1l —E>72S®eZ1’ —1Y e7+71NZX%[te—&" 1" S@lel's—" ES—eeC1>Z%E7
E"—e>"e10 U1 1EZeeelZ M ILESIVHPILe"1—"," —" "o "—1E " —e>"210

Sele’'s— ES—eeC1>Z¢7EZ+1"'—1'7204Si1N1EZ¢GR 1>Z8e@t—" ES—eeC1ZE>7

with AQP1i (p IAYTIVVVWUSd1 = ZIMWIZU1EZeell Y 07 —-2Z1 601Xl ‘Z—1E " —™S>Ze1e”1—
TRPVAI (p AYIVVVWIId1 ‘Z—17i ™M @Z&8 T« 1T XX[1T—1E~"— > "¥MIVVA1adD ’«i1\diil Ze:
"e10 'eil\aliil ‘Z1VY"e72-71 1EZeelY 22 1ApFe@yeki Z>7Z1E " — >—Ze1720 —e1 ~
YXFle—&"¢100eeS>e’—el1 e—"eSe' et i ™ Bs>vlboSHF4FL-7S@7>72-72—2@10+S5S1—
7—SeeZ57¢1SE>"@e1Seele>Z7Se—7—ele"7™el1( ’+il\buil ‘Z1

Fig. 2. TRPV4 expression in native human NP tissue. (@alil>Z+S+'YZ 1 Z1eZ2—212i™>7Zcce’ " —1" —1—
0¢>SeZ1V,Z081-"eZ>SeZe¢,07¢72—75S¢Z10+>SeZ1ZiW,\T1_0U1S—el@ZYZ>Z+¢, 072
NP tissue. (b il ——2—"""ee " E‘Z—"Re>CleZels—"'— ' —ele'Z1™MZ,EZ—5e71"e1—8e'V71
TRPV4proteinin(clil—"—,eZ¢7Z—7>Se7 1ii2>SeZ A%/ Zi3 1 A7 —7>S¢710>SZ1ZTW,1\i_ 118
©7072—7>Se710+>SeZ1],WXU1—Se'YZ21'2-S—1 1e'eezZil >~ —1EZes7S>1®S’" —
(fUl ¢ 1E"—e>"e1'=SeZi1 ZeolE " 7—eZ>00S —Ze1 'o'1 S¢Z> 01'SZ-Se"jte’— 10«

Ce= www.ecmjournal.or
CLL& maczzian 129 : J



JW Snuggs et al. Role of AQP1, AQP4 and TRPV4

ZE+1"+1 W31 Zz71S—-1 Z1'—*’ 2«71 Zdlues could be determined (data not
the water permeability of human NP cells @'”T —UT1 "Z>Z*">Z01e'Z1 SeZ>1™Z>—-7ZS<'e’e¢
Thenormalised Pf1~¢1‘2—-S—1 1EZescel S eI ¥ X[IESce—=& 11 E " Zeel—"elcZ1eZe7>—"—7
reduced with AQP4i (p1AViIVVWY (118 —-«1 z'1

(PPALTIVVV\i1S e X&]401 ‘Z—1E" -™S>7282211 1 EZ++1ESE'7-1"— 2ij1'—1>Zc™"
1EZeee1SAXXTILO '+i1]ail cet&Xatered extracellular osmolality
kg, AQP4i (p LAVIVVV Q1S —«ALAVIA Y WIWeliR & 1 ¢l —e>SEZee2S>1 27,21+ >2ZE+D:
®'e—' ES—ee¢1>Z7EZ+1of human—S[€Ca®Zdl Boel1SeeZ>72¢1" —1>2S8e,¢°-781 ‘Z—1
NP cells when compared to CTR cells (Fig. 7Tb i1 ¢Zj™ 0@ Ze1le 1SeeZ57¢17Zije>SEZee7+S>1"e—"+
[X[2 ce—&"*1e>7ZSe—7—ed1 " —e¢1 2 IR S AR TCAIO1 Sceel/olgelZ e’ —71525¢"—
PI¥MIVV[YUl>ZeZ2@EZe1le'Z othimasNPoe Zed-fl ;e eS —¢Ss>e1 EZee7>7 te—&” UNNY X[l
cells when compared to CTR cells (Fig. 7cuil ~ W™uil ‘Z1-5i,8,1°41"'—«>SEZ++2+S>1 +77,Z 1
372Se—7—e1'Sel—"1's—' ES—e17 72&e1e’d+7 - E3YV72¢3¢ L WLZE VI, S-TXK[1
permeability at any osmolality but followed a similar NP cells, compared to all other osmotic treatments
trend to AQP4i treatment. Changes in extracellular (P ¥ALiIVVXU1S—ele’'s—' ES— MV Y[Zi1l —1)
“e—"eSe’e ¢ 1 OXX[01 ZXAl-RLeol1[XPLS—01ZXEL-& " LAMINVZile>Z2Se—7Z—e1E"-™S>
e’e—' ES—ee¢1 BfCTR NP Zellsf(data not [X[L ce—&”"+10 "«il” il ‘Z1e'=Z1eS"7Z—1"1>.
" —UT1 "1eZ+784¥SZAZ4cel-"3]8pd 1F &, —12-S—1 1EZe+cel Selae'+—' ES-
SEe7Se1EZeelY 072-721S85721>2872">2+1W 5N ™M= @ZMAIMEEEX{1-Z+'S1E " -™S>7e1¢"
EZeecell 81 W'81 Z'17>1 Z’ U Jallbthédtepimémsip 1% 1VIiVVX[U10 "«il” b ii
e T1YX[Ge—-&" 1 EZee1Y *72-71 Sel?—E'S—eZ+1S—-1

Fig. 3. Localisation of TRPV4, AQP4 and primary ciliain human NP cells. ( agcil ~,*+"ESe«' e Se1"— ¥+ 10a
Oe>Z7Z— U 2Bl—+Z0H>Z@0&llcoele'Z1-2Z>72+1E " -™ambZE&"71"—S4ZA",«"ES+"®S+'"—10¢,
(dful ~,e"ESe'®S+s’"—17e10dii1 Z10>2Z—i1S—+10etlt,ezc¢ze’—10>Z0010fl10e

S18—e1¢le'”™ "—elE ,s " ESe'eSe’"—10¢Zs¢" Uilag,ill ~,o " ESe'eSe’"—17e1 ™"
cZcze—1eeS — —el0>Zelil —e ESe’ —oleZ1H1E SZ10:S &' 1" « T Wi 2 E0LiESie 731 1 0h
o7 —etel — el E", e ESe ST — 170185 EZe¢eSeZelezcze’—183—e1 Z1GCZee" Uil —
e ESe —e1e " ESe' S i1 c01'7-85—1 1EZeclE " Z—eZ>05 —7e1 '¢'1  1{

AVVIE —«"ESe1-"E>"cE" ™Z10 Z'ceeilze —e1l Z—1e"s S>7210 Z'ceceiil ES-

Ce= www.ecmjournal.or
CELL& maczzian wyv ’ J



JW Snuggs et al. Role of AQP1, AQP4 and TRPV4

ZE+1"e1l Z1S—-1 21— e T —1TES L ™ o572 Se—7Z —o1( 'eilelil 'Z1e—Z1¢¢
osmotic Ca**1’ — 2.1 —17-8—1 1CEZ--oemaX|mumF &,1" e1'—e>SEZee7eS51 77, Z1¢'>ZE-1
The F &1~ -1’—->SGEZ°-z-S>1 077,21 s VA (iilZiSEZ\‘ZdD&HJ&"-lLKIX\Slaaloe «—" ES—
[Ca2+|061 S018eeZ>72e1'—1>72S¢,0' =781 “ZE7 Slof/Ads —AET—08> &V 12 THEXX{1 1
Zi™M @z 11—109(—)(8[”-1Z|->SGEZ--z-S>landaTRPvgl‘tr’eadEﬁNPceIIs(p]A\l|VVYu1ﬁ'|'1°|—1—"f¢1
S--Z>1 Z'81 Z'1751 1 «> Z Slee-Thhibitbd & -AQH4[and TRPV4 was investigated
baseline readings in standard culture media ‘Z>7Z1<«ZE&S70Z721¢«'1E‘'S——7Ze1S™Mm™MZ7§
uYX—[]oe &"e010 UL "(Zl—S|,1& of 1 in human NP cells, suggestlng combined function,
'—e>SEZe+72851 +77,21+'>ZE+1 ScelowhereasEGRL-dodsliot(Eugds @ak H1 X VW i1l @™
P AXXAEl-& "1 E " —e>"0l 1EZeceIIE"-™MELFT -l 1l ZA'BYZ1<Z7—1ce'” —1"1E",«"E
(PYMIVVXZi1S—e«1Mi¥YVDOF1i1e>Z S« 7Z «derfarEcOmbioret] functions within other cell types
0Se1XXEL&"ei01c e '1e572Se—7—ecel>Zqaaausly{Benferiat-atal. 81 X VW Wedd. XV W\ d1
F&,YSe72Z01e"1512YZ1E"—™E >R« Aerefork)thig vas investigated here.

P

&HOO YROXPH

PRO / $43 L
PRO / $43 L
PRO / 7539 L

e11Z11 —>SEZ22°S>1ESEZ' —1 2H>20EZ—EZ1S—1EZ+1Y ¢7-21E >>Z+S
channel inhibitor viability inhuman NP cells. (@t1 Z+Se'YZ1 z™> 2872 ELIBEZ++2+S>1ESEZ’ —
linearly on extracellular osmolality. (b1l ,EZeelY " ez2—-Z1'@1l—"ele’'—ZS>eC1E ™ >>ZeSeZe1le"1Zj"
Average results for intracellular calcein F & 1S —e1@Z+e1VY e7-7185>21™e"47+1 'e'1c@eS—+S>-1
yZe>Zee’"—1S—Sete'eel’' el™e"4Ze¢1S®@1S1leSme'Zel>Zele’ —Zillclil 1EZeel-Z-
GE~—°>~°10""2)W~“2061V\XN/N1—”<’-~>10 W’ dle'e‘elcezZU10 1 WIWSIXEL ®1 '"C

L1l — <'¢7>10 Z’61v°§>”1<-22l']10vvVl\{ﬂXVél TE&eR11l T e EIZ—E&Z20AT81ZiZ161
»Ze010 ,V\]VvZ]o1l e-S, V">’(E‘U1'$Z]SZ4B<::1G§"1$VE,°Y\I '¢1VS(E1V Z§OE'VZ>Z 1VZCE —
reductionassay (N1%1Y1™Se'Z—eel’' —1e>' ™Me’ESeZUTl 'o—' ES—EZ1eZeZ>-"—7Z+1<C¢]1

Ce= www.ecmjournal.or
CLL& maczzian 131 : J



JW Snuggs et al.

Role of AQP1, AQP4 and TRPV4

P2VP NJ
P2VP NJ

P2VP NJ

Fig. 5. The rate of human NP cell swelling and shrinkage in response to extracellular osmolality changes
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Discussion “e—"eSe'e¢il ‘Z1-Se—"e7e71701¢' 7215871 1
E ' S—eZ81SEe72Se1EZee,Y 02-21E"'S-
The hyperosmotic environment of the IVD is  permeability responses to extracellular osmolality
constantly changing due to diurnal loading, alterations in NP cells was reliant upon the function
where water is imbibed and then dissipated as ~+1 Z1S—-«1 Z31S—eleZeeloe™l Wil —
the mechanical loading of the spine changes. ~“ce—"¢'E1le¢>Z2Se—7Z—31 Z'1+ZE&>72ZSeZ1 |,
— 1™ ¢’ "e"e ESeet, —SeE*Ze1 " permeadiity modiumSa3 1t 72i1S—ele’ —Z15"7—1
Zi™msZee' " —1'el'—E>ZS®Z+1'—1 16&EH mesdiumZadsl—s Ziple" 781 —s ESeZel+'Se
etalid1X VW X0 letal'i-d IxXA+WIZ @tlali & 1 XV \degehration, when osmolality and AQP4 expression
indicating NP cells have adapted their function is decreased (Snuggs et @d1 XVW (181 1EZeecel E
e"1e'Z1'¢™Z> “e—"¢'ESeet1 7 E-7Slohger AdApt-tY¥ théiemitonmdnt. AQP1i showed
within the IVD. Therefore, mechanisms must be in  similar trends in decreasing the water permeability of

place to protect NP cells, and enable their adaptation 1EZeecel ‘Z—17Zj™ Zele"1'¢™7> 1S5 —e1"
T1E™T 1S —e1'¢™MZyT " ELlR @@Ll oY E LT BIAE 1> —oel 72571
osmolality. However, the mechanisms that control E " =™ S>Zel1e¢"1—"— " — "¢’e'" —1E"~"—e>"ee1S

the initial response to altered extracellular osmolality,  the same magnitude as AQP4i. This suggests AQP1
Z7E'1S0el1«'Z1>8S™’e1 7;1 1 SeZ>daystHplay arSmpoeriatErof-in RYDelut to a lesser
in cell volume, are not completely understood in  extent than AQPA4.

1EZeeeil ce™ZE ' See¢l'™ 1'¢™" ~ce JThe'dple€Sionof TRPV4 meluinan NP tissue was
observed during IVD degeneration, may impact on  not sensitive to IVD degeneration and its function
these fundamental cellular processes and the overall was required to maintain water permeability across
function of the IVD. all osmotic treatments, indicating TRPV4 enables

This study identified that NP cells rapidly fundamental cellular processes, such as volume
modulate their cell volume and the rate at which regulation, regardless of IVD degeneration. Both
volume is changed in response to extracellular TRPV4i and AQP4i decreased the water permeability
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Fig. 6. NP cell volume changes in response to altered extracellular osmolality. ZE+1"e1 W1 —" e’ "—5
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Fig. 7. Water permeability of human NP cells in response to extracellular osmolality alterations and the
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S—e1'¢™" ~oe27infl& In BP cells. Both  The rate of NP cell volume change in response

E'S——Zee1Se®™1 E",+ " ES-«’ e -l altered c&iSdlityl dhe‘tde rbl&ot-AQP1, 4 and

potentially with primary cilia. This suggests that TRPVA4

the function of both channels is linked and may play “el’ele'Zlesoeele —Z1'21>5721"1

“Y o _els"eZoelez>y'—el [ EZe+1SeS™.Gange-in résponse 19 edtered’ GBrholality, and the

microenvironment, in which the primary cilia may Z ZEe®l1~+1 W31Z1S—-1 Z1' — e T

also perform an important role (Choi et alid1 XVW—0Y1Z cee’eSeZeil ‘'Z15>Se7Z17e1 |, EZeelc

Corriganetal i 1XVW"01 "letalid1XVXViice > —"S¢71 SoeleZeZ>—"—Ze¢170’ —+1ES+E?
EZeeeil S EZ'—, 1'Swl«ZZ2—17207Z+1 —

NP cell volume change in response to systems to determine rapid changes in volume and

extracellular osmolality and the role of AQP1, 4 leZz—Ee'"—10 ‘Z—1S—e1 —Zec@t—31W _ N/

and TRPV4 al.d1IXVVX0oktahBIXVYYZ@lalZ3ddv 1 Xiil ‘ZaeZ]

Human NP cells increased cell volume under —-72Se7>72-72—+01S8>2Z1SE"'ZYZ+1<¢1+'Z1
‘™Y "e—"e'EL1S—e1ZE>ZS 7.1 7-pregerties bftaceioatHigh€Ecbncentrations (Chen
conditions, similar to that seen in other cells S—e¢1 —Z7e™—381W_ " "i1S—el'22@eZ—0e’'Y
(Corasantietal i1 W __\Wwbdal. 81-W1 "~uil ~YNaC¥Zdoncéntration (Solenovetal. 81 XVVZolktZ'—Z>1
cells show a similar trend when exposed to low al.81W __[(il SeEZ'—1 252 EZ—EZ1Z2™;
osmolality (Maidhof et al. 3 1L XVWZU1S—¢1>S<«Zpb STEEZw2dS>1 ce—"eSe’e¢ 1 —letal,1EZeee1
®'£7Z1 SelSe®™ 1l —E>Z2SweZ+1See %Y WV-UNEEFE?1780d15» AV —1e'~ —1+">1
puncture model of degeneration (He et al. 8 1 X V Wvthig dtudy. Thus, demonstrating these methods can
This indicates that during IVD degeneration, when be used to accurately investigate the fundamental
osmolality is decreased, cell size may increase and NP functions of NP cells, regarding how they respond
cell size could be used to indicate the degenerative ¢~ 1¢‘Z’>1"ce—"¢'ESee¢l 2j —elZ—Y'>"—-7—
state of the IVD. —"eZE7+Z®@&™>" 7 —®&™Se' SC1E"—-
1 'Z—17Zi™~eZe1le"1+7E>7ZS e daftaiions Ot Eavkattd thiS tethnique is that it is
“e—"eSe’e 1 IOXXELe UL 1EZeelVY " MZADL-Fe@lI —1X ,EZee7>Z2¢1EZee@d1leZ>7 >
"— E>Z2SeZe1E-™S>7Ze1" 1" ;e— te & bl the rafee@biHich X [changes may not represent
"eifl —1e'Z1™>Z@Z—EZ1 17" «hbdwNP ces réspond id tHeit irlvivo environment.
Z2'81'Z1'¢™” “e—"¢"E1 — E>ZS e ZAQR4Tunctidhves tecuied for NP cells to swell
was not observed. Highlighting the inhibition of Sel1e¢'Z1—"5>-8¢1>SeZ21E—&7+1%X[e-7Z— 1
these channels prevents the size of NP cellsincreasing S—el o '>'—"1Sel1 ¢ 71 —">-SeloS+&17—+7:
‘Z—17Zi™"0Ze1+"1S1'¢™"~ ~0oe—"« (ki teatrment. ZIRAI4 fuhclichwas required for NP
results indicate that the function of both AQP1, 4  cells to alter their volume at the correct rate across
and TRPV4 is required for NP cellsto respond inthe  Seel e —"¢'E1+>Z2Se—7 —+ @ LI EX[@POX[1S —-
correct manner to decreased osmolality, by increasing  This highlighted that AQP4 and TRPV4 not only
volume. This potentially indicates that these channels E~—e>'<2¢721¢"1"YZ>Seel  EZeelY e7-781<7
work synergistically, enabling NP cells to correctly  the rate at which the desired volume is reached,
regulate their volume and trigger downstream further implicating both channels in the control of
—ZE'S—e-elieZE'1Sel (01 —17> ELZle">F@ M7 1A E 1T 121 " -"" E1Z—
environment. Such synergistic functions of AQP1, function of AQPL1 is yet to be fully elucidated as
4 and TRPV4 has been observed in astrocytes and '—‘'<’e¢'"—1e’e¢]1 —"el@'s—' ES—ee¢1E'S—
o' 7157078 e’ —1"ele ' Z1ce "0 >SS — (SHyEBALVYZNZTZREB—2Z1
(Joetal i1 XVWI[0 bt abiBIXMW[@al TdBXVW\0o1
Solenovetal id 1IXVVZiil Z>¢'Z>-">731CE* Lontrollof NP-cell watet pefmeability
“e1 W81Z1S—-1 Z1a’'+—' ES —The water perméadiitylof NP tells was determined by
Y e72-71"¢1 1EZeccelZi-™MPeed" 1= 7 Z2fibining actual cell volume changes and the rates of
‘Z—1E"-™S>7e1e”1—" " —* o'~ — 1 Echangein sobihe-as c@l Sclimesdannot be directly
¢'Sele'Z1e7—Ee' " —1701Ses1Y1IE'S —alloe/21’ ISP ™ 1I1IEFIHE1"21" 727 EZ—EZ
1@EZeeele"1SeeZ>1e'72'51Y e2-71 EFenidetal d 1 XNSW VU™ Z7»]," —1 1EZe+®ed1Scel

“e-"eEL1Z—Y' T ——7Z—e10-"-"E" — +dtudy AQPSi-ddcrdasedithe water permeability of
¢l [Xfloe—&7¢10Se@™ 1-"—" E" —ele'Z1' 2830l 0Z—17Zi™M 00Zels"'Z&1¢10ZX]
T—et1 Z'l@'e—' ES—eeC1SeeZ>781L—oI1EZol V3 ErBARXN[N 0e—"2Se’e’Z0d1cze1
E"—™S8>Zele”1—""— " e'"—1E"—-e> Wheri NP Eells Were ekpoged to higher osmolality

native expression of TRPV4 being insensitive to IVD 0 [Xflee—&”7«iil W’'1le>ZSe—7 —ele”ee™ 7151,
degeneration, this indicates that TRPV4 functionmay  ¢>Z—e1+”1 Z'1<¢7+1 Sl —"¢loe’'«+—’ ES—
be important for fundamental volume regulation indicate that AQP4 (and potentially AQP1 to a

™LTEZe®eZ®edlrZeSreeZemelTel  wZBSeZi17AIZS@l 2L 1E " —e> el ,EZee
¢7—Ee"—1"e1c"e'l WI1S—e1Z1S™M™MAEMZIE"IELE " ES—cell "¢ —1+'721-"E>
within a smaller osmotic range; possibly due to  of the IVD. AQP4 has a higher water permeability

changes in membrane tension (caused by altered +‘S—1 W10 et@iDEAVW[01 S—e1S—e1 Z>".
e —"eSe’eCUl-"e7eSe —ol SHABDIXMWERLL U1 0™ 172572521 -S¢1:'SYZ1S1+S5>¢7>
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towards NP cell control when compared to AQP1. Ca?*1’'— 72jl1’ —1>Ze ™~ —eZ1e 1Zij*>SEZee7eS
It has previously been shown that AQP4 driven  shifts
water permeability may depend on cell membrane  An important cellular response to osmotic shifts
compression and tension (Ozu et al. 81 XV W ~étl ih-theit extracellular environment is to modulate
a.dlXVWX(id1l "E'1E'S—+Ze1Sel BESEl 2 ™ 11231 Fedtlwl —0e>Z2S -1 ™
“oe—"eSe’e¢il ‘7ed1l Z1-S¢1ZiZ>+1Shablé SedptationAdEalteling the environment in
NP cells within a certain osmotic range, and multiple ~ which TRPV4 has an established role (Arnigeset al.,
other AQPs expressed by NP cells may contribute  XVVZ01l Setdhbd-1\81 (01 &AiBIXMMVOL "Zee"7Z1
outside this range (Snuggs etal. 81 XVW _ Ui S—el >’Ze—-S—381XVVYO0atalid1lX W oavi—1
1 Z1lez—Ee' "—1"—1e'Z17+'7Z>1"'S —celld Eoewed-theF &lso tnctebse C&1'— 7ijlz—e<7Z>1
impacted on the water permeability of NP cells ‘¢ ™~ “ce—"¢' E1E " —e ¢’ "—ed1IE " -™S>7e1e" 1"
across all osmolalities and was expressed by the vast conditions, suggesting they may employ similar
majority of NP cells regardless of degenerative state. pathways to adapt to their diurnal environment.

el —eESeZ®e1S1™"eZ —o’Se1"Y 7> SBrémidus-resedrch hagalse-shawn that NP cells do not
cell physiology and adaptation to the hyperosmotic =~ '— E>72S0eZ1ES«E'72-1"— 7jl7—eZ>10’'-'+S
environment of the IVD. TRPV4 is known to enable  conditions (Pritchard et al. d 1 XVV X Uil et’alE‘S>e1
chondrocyte mechanotransduction and matrix OXVVX{i1Seoe " 1'eZ 2% 7511eSSed1 G Zee1Y 07—
synthesis (O’'Conor et al. 31 XVWZ (1S —e1eSESHIAZ1EZI-92>"0071<¢1S—1SE'—1EC*" 0"
expression can induce osteoarthritisinanimalmodels —-ZE‘'S—'e-il ""E‘'d1’ —1¢72>— 1 E " Zeel ™
(Clark etal. 31X VW V 0 1let@-&1X VWV W i 8 1 S —refjulafedby AQPY. In astrocytes, AQP4 knockdown
may contribute to similar functions in the IVD. TRPV4 leads to actin cytoskeleton rearrangement and
contributes to NP cell water permeability, yet it is not reduced water permeability (Nicchia etal. 61 XV V[Tl
a water channel itself. Therefore, TRPV4 function Cytoskeletal rearrangement under alterations in
must somehow be linked to the function of AQPs  osmolality have also been observed in bovine NP cells

S—el@EZee,Y 027157228« "—il Z (M&dteot e¥al 81X/ W Zilil ~ ZYZ>81 ‘Z—1 1EZ-
to have physical and functional links with AQPs to 7 @EeZel "1 E"T—e> 210 Z&"S A D ®EHZ1
enable cells to sense extracellular osmolality changes Socel ™>7,  —“ZE ' " 21— Z#{ BUABM™S—eZ1 S«

S—el’'—'e'SeZ1EZee,Y e2-71)>20a™ " stilbwbsmried. This highlighes that Ca2*1’— 72ij1-S¢1
XVWW 0 lethb &1 8V &t X.0511 XV Wet @l18 24V \alsd be due to mechanical pressure applied onto NP

Mola etal. 3 1XVW\ il Z1 Se1Sece” 1" ZcellsTronl e injolp s syskein bf the plate reader, as

with AQP4 in human NP cells suggesting related = TRPV4 and other C&*channels are also known to be

functions and interaction between both channels. mechanotransducive (Samantaetal. 8 1XVWA" il “"ce1-S¢
The localisation of both AQP4 and TPRV4 within  indicate thatthe Ca**'— 71 <ceZ>YZ+*1 Scel—"¢lce’
NP cells also appeared to match the morphological S45>'<7eSceZ1e 17217 ie>SEZee7+5>170e—"2S>+
S™MMZS,S—EZ1 1™ —-S>¢1E «’SOL M FSaa2 B2 > IEZp@S L $10>2S72517+7-
e'—71¢'Sel Z1E",*"ESe'eZel '+'1™IS SI¢UHEYXIL 2 —-Q"«1E " —e> el —“ZE«""-
EZeoeil "®lezeeZesrle'Z1 ®-",15—+1Z2A@"'S—" @I— @ tir»Ae7EZE'¢™" “&—

roles of primary cilia may be modulated by the " 7iBleiecZoee—el ' —™M eS8 o1 [ (EZsel:
function of AQP4 in NP cells. ‘CT™MT " —"e'(Eloee —7e'1S—ele'Z1™ 07 _e’Se
1 —E>ZSeZe1 —-"eSe’e¢1e>7 YD HAowever Cal'Z %f 1251—Sk1—"ele eSeetl—7o

[X[42 c;e—&"«lilZ@Z+1'—1+'Z0Z1 7Zitheidfote; Hthes chdnnéls ihdy also be involved in

produced using sucrose as the key osmolyte. ¢‘'ZeZ1™>"EZceZeil s &l —Z,HeIEZ.
This ensured that the actual water permeability  only the start of RVD mechanisms. This is followed

of NP cells could be determined. NP cells contain by activation of Ca?*,« Z ™ Z — «*Zhanriels (Arniges
transmembrane channel proteins that readily etalid1XVVZiule 1>Z@e ™ >Z1 —>S,1S—e17Zje>S
transport osmolytes such as Na and Cl, ureaand ™>Zce 0?5211 Z*81Se1 ™>7ZeZ—81'1'cel
mannitol. Therefore, if any of these were used to alter  channels contribute or how this is achieved in IVD

osmotic treatments, cell volume may have reached cells.

287'¢¢>’72-1Se1S1e" 7257Z—+1>S¢7811SelZ’ NUdF 7B EE"F61>27EZ1+'21+'-271
utilise the movement of osmolytes used to regulate  maximum Ca?'1’— 715 —e1+'721-%{—22{10 B

volume changes, rather than employing the actual  despite its sole function as a water channel. AQP4

mechanisms used to regulate cell volume. However, and TRPV4 function is linked to osmosensing of

as the IVD matrix is negatively charged, one of the astrocytes (Benfenati et al. 31 XVWW o letalZ«"YS1
main ions imbibed into the tissueisNa*10 ><«S—3d1XXVMii@hl. 911 X VW [etlaldF KVW\ud1S—e1>7ce
So repeating experiments using NaCl will enable the  described here indicate that there may be similar

comparison between methods of changing medium  mechanisms employed by NP cells. Such mechanisms

osmolality (determining if results are an osmoticor —S¢1<Z1E " ">e'—SeZe1¢¢1™>'—-S>¢, E’+’S1lce’
®7<®e>SeZ17Z ZE+11S—e1-S¢1<Z1-—+FEW'(SeZelTeCESZLE ,+"ESe'@Se'"—il >’
the in vivo environment of the IVD. " —1e"1E " —e>'<7eZ1¢” Sreel e-",15—-
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sensing pathways (McGlashanetal. 5 1XVW Véta.5>'281 —E'1 61 —Z-.-cel 081 Z1 S'e>71
XVWVoletall BAXVW]id1¢Ze1e'Z"> 15"« Amnunghigochremical @dlysig of protein expression

function within the IVD have only recently emerged ~_in formalin fixed paraffin embedded human
(Choietal. 31X V¥talodll XIV XV ii1lS —e1>7- S intervertehralidiscotisgues. JOR Spine 31 ZWV_"il Al
elucidated. WVIiWVVX&“ce™XTIWV_"T

Caterina MJ, Schumacher MA, Tominaga M,
“eZ—1 81 ZY'—Z71 81 z<’72021 10W__Ju1
Conclusion SZEZ™e™>i1S1ZSe, SEe'YSeZel'"—1E'S—
pathway. Nature 389 A1 "W\, "X Z1

AQP1, 4 and TRPV4 function may be linkedtothe 1 ‘Z—1 81 —Zzece”"—1 10W_""ul ZG&E
ability of NP cells to control the rate of cell volume  fluorescence concentration quenching of o
regulation, water permeability and Ca ?*influx, ES><7j¢ V2~>ZO§CEZ’—1V’—1°'TM~0e~—Zoeﬁ1v — 7
triggering downstream mechanisms enabling the —— — 2 >ZeEZ—+1+'-7>0IR2MSW, JTIEZ-1
adaptation of NP cells to their osmotically challenging Chmelova M, Sucha P, Bochin M, Vorisek I,
environment. During IVD degeneration AQP1 and  Pivonkova H, Hermanova Z, Anderova M, Vargova |
AQP4 expression are decreased (Johnsoetal. 3 IXVWLOIX VW _G1 "Z1>7¢Z17¢1S828S™7>"'—,Z1 ¢

Snuggsetal. 31 XVW _101Sce1S1>7Zce7e-diecepm poigptinl vanioid isofarini4 channels in
SceZle"15Z@™~—el e~ 171 ¢™" ~ce iire.depelopmerit of tytotoxic edema and associated

due to impaired cell volume regulation, water extracellular diffusion parameter changes. Eur J

permeability and Ca? '— Ziil zZ1+"1+'Z1+ N@rasth 3OS LW\ N[, W\ _ _7

osmotic response, downstream mechanisms maynot 1 ‘7’1 81 S+z1 81 '‘S™’>"1 81 "ce<ze1l 10X
be employed by NP cells to ensure their survivaland ~ Nucleus pulposus primary cilia alter their length in

function in the increasingly degenerate environment. ~ response to changes in extracellular osmolarity but 3 3
Further study is warranted to determine what impact e Tl—"elE"—e>"el "— [ —Ze'SeZel"e—">Z%%°S
AQP1, 4 and TRPV4 expression and function have Rep9A1WI[Z\_71 AIWVIWVY"*&oeZW[_", VW _
on potential downstream mechanisms suchasRvD, 1 +S>"1 061 "4S1 081 Z-S>1 01 'Z++"Z1 981

cell survival and matrix synthesis in NP cells, and LAXVWVUL *T—e>" ™" ZE Y2157+ 217127
how these mechanisms contribute to IVD healthand ~ sensitive ion channel transient receptor potential 3
degeneration. YS—'ee™e1ZA1SeZ,1S—el®Zj,Z™MZ—e7-

el eeZ"Sse '@l —1 >™MYZ o7 E'Z—e1-
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