—— WNK2 Regulates the Response to Hyperosmotic Stress in Chondrocytes

8[1?] {}/]EARI—SI "7 Shivakumar R. Veerabhadraiah!, D.J. Matheson!, M. Honeggar!, C. Aslor!, N.H Kazmers!, D.J. Grunwald?, Mick J. Jurynec!~

9

2 \-‘;
juryneclab.org
Introduction Results
‘s . - . . . A A B
Osteoarthritis (OA) is a debilitating disease affecting millions Normal OA Sor trento Sor trented A Sor treated
: : : = « or treate
worldwide. Despite its prevalence, there are currently no ' | | D 47— WNK2 vs WT WINK2" v WT wik2 798N ys WT wik2
effective disease-modifying therapies. The main obstacle in Qs 4 -- Pulmonary Fibrosis Idiopathic Pathway @1 | goene L8Signaling| @ 3464 "Log (Pvalue)
. . . . 5 e < % e Pathogen Induced Cytokine Storm Pathway — @ -3.545 - IL-1 Signaling — ® 2.449 ® < 6.00
developing such therapies is a poor understanding of the = | 2 Z 2 - Ostecarthris - ®-2.588 ® 1065 LPS stimulated MAPK Signaling - *3 | e 600
_ o _ D c 5 Notch S!gnal!ng— ®-25 ® 5% Role of Osteoclasts in RATilgnaltl)r_wggathvl\_/ay— 03.4:13131 ° 600
mechanisms driving the development of OA. Our goal is to Q O — S Sionaling 7 @ 2305 <o WNTIa: paty ] 02645 | per
discover genes and molecular pathways in humans that are s¢ .| + RAC Signaling |~ ©3.28 : AR vatond  eassr | w4
vulnerabilgi%[ oints in the devef)o meni/ of OA and generate 7 s ponCresaomn | o335 * izz baeiorany o7 E - =
y P . : P J _ ® ik JRSUSURSUNSUSIR 6 005 010 015 ssSs
mouse models with human disease alleles. : N 03040505 0607 08 o Ratio. 3x33%
: ST : : : N - ene Ratio SN RY
The osmolarity of the synovial joint varies considerably in e s & Gene Ratio i 53 ii8
. » A’ WNTS5A N
response to everyday use and joint damage. How 2 ~, NS Sor treated WNTSE 1=
chondrocytes of the synovial joint sense and respond to - - Log, Fold Change WNK2 R2054Q s WT Wivk2 wiiToA LI T
I I I I I I ()] ’ S TSRS ﬁ;&?”‘. :’@ﬁi-gé‘%’- ¢ ‘?,’ . . . . . xidative Phosphorylation— “Log (P-value) o 1
changes _ In - osmolarity to_ maintain homeosta3|§ _'S = T A SRR Figure 5. WNK2 is necessary for OA-associated gene expression in e Rt Sonating ] @ 271 ® =600 s
undetermined. We hypothesized pathways that maintain = . el chondrocytes exposed to chronic hyperosmotic stress. Volcano plot oS Saraing] T ezes| o ba o
osmotic responses would be critical in OA pathogenesis. Our v s (A) show significantly upregulated (red) or downregulated (blue) genes in Renin-Angiotensin Sinaing - 02219 | Zscore rorr LI
initial goal was to identify whether genetic variants potentially o o WNK? o _ _ WNK?2- chondrocytes exposed to chronic hyperosmotic stress. Bubble plots N Sranmyme ASignalng| e 857 134 G;ﬁ?ﬁﬁ.* ;
affecting the response to osmotic stress were associated with rigure 2. - expression Is elevated in chondrocytes present in indicate that many pathways associated with OA are downregulated in 05 04 o5 06 “DABT
- injured mouse joints and human osteoarthritic tissue. (A) Safranin WNK2- chondrocytes
SUSCGptlbI |ty to OA. - " ' Gene Ratio A
We stud ated famil ol ¢ inherited O/Fast Green staining of healthy (Normal) and osteoarthritic (OA) . o T s
© study ma_ny U'_“rea © a.m_l _'eS with-clear-cut inherite human cartilage from the humeral head. (B&C) Immunohistochemical A B Sor treated Log, (Fold Change)
forms of OA to identify susceptibility alleles that have strong staining reveals low WNK2 expression in healthy human chondrocytes WT Sor treated WT Sor treated wik2 L1005F y W k2 FE—
. o n _ ) : , , WNK2 Trans vs No Trans WNK2 Trans vs No Trans | 9
determinate effects. We have analyzed the exomes of 151 and uninjured mouse tibia, contrasting with high expression in reu N Log (Pvalue) nterforon Sgnaiing o] oo () Reltve Transorp
- . . . . g . . . . - t tor Si ing — 2.041 _ nterieron signaling = ® < 6. undance
families with multiple forms of OA and identified independent hypertrophic chondrocytes in damaged human OA cartilage and 8 25 " . :‘MT:; LPSIL-1 ediaed Iniiion of RXR Furc | #2041 ® =600 e I e S S S | © @249 ® 6.00
rare coding variants in the With No Lysine (K) Kinase 2 weeks post-ACL rupture in the mouse tibia. Arrows indicate normal ok Superpath-l\;(\?g;“;?(I?I'?glzzizl;oslg?oas!?ng: 025 ® 1007 Role of Osteodiasts in RA Signaing Pafvay -| @ 1,043 o 600
(WNK2) gene chondrocytes, and arrowheads mark hypertrophic chondrocytes. Scale Do amaird]  eaom it | @ 180 Roleof Osteoblasis n RASignaing Patiuay | - @ 0.784 i4
] _ _ — : MicroRNA Biogenesis — 04719 Z score g e L
Here we test the role of WNK2 in chondrocytes using both gﬁgwn1 %O“mF',((:DR) ZK':I(ZSE ?r?u:r?&ggvmreegl{ﬁftg 2ft3raA;CL(;:tp:3rethfes puimonary Forasts ticpmin P ] 2% @ 216 i 005 015 025
gain- and loss-of function analyses. Our data indicate altered v oY A y* e - yS P PHIFe. Notch Signaling — 02121 2 Gene Rati
_ _ e _ Statistical significance (*P < 0.05); two-tailed unpaired t-test, n=4. PPAR-/RXR-o: Activation — ©-203 X ene Ratio
WNK?2 signaling confers susceptibility to OA. We hypothesize T o o Figure 7. The OA-associated WNK2 coding variants
the synergistic effects of hyperosmotic stress and high WNK2 A | ! | augment the synergistic response of WNK2 and
o , _ Generation of WNK2 null (WNK2°) T/C-28a2 human chondrocyte cells - Gene Ratio . .
activity promote development of OA and identify WNK2 p—— F—— 4 2 0 2 4 5 hyperosmotic stress to promote expression of OA-
signaling as a major risk factor for OA susceptibility. —_———= _—y = __ [ ] Log, Fold Change o - associated genes and pathways. Comparative analysis of
——— ——— | = S RNA-seq performed on WT chondrocytes overexpressing WT
——=———=">>  Exon 2 deleted ——=———=—>Sorbitol + (Sor) C < X < < S < WINK2 WNK2H758N WNK2R2054Q WNK2L7OO5F g g
. . Ctr (] , , , or and expose
WNK2 is a kinase that responds to T/C-28a2 cells WTand WKz cls UpinOA  Downin OA 7 3253 2 3355 | | g
Human Chondrocytes Cell Line 54 (n=80) (n=52) s, 523 5,533 to hyperosmotic stress. (A-C) Bubble plots illustrate the top
h . 4 283 S %S Mi% afliie KEGG pathways identified from the differentially expressed
yper05m0t|c stress B - WK S g’: o AN o L * genes. (D) Expression of selected Wnt pathway genes altered
- © T * . BMP7 1" . : :
00150 50 200 550 o 50 200500 S () Collegeeis (N iEd e el s s
WNK2 ACtIVIt 60—. - % - o . ) . . .o . . .o E COMP q_; R/PK2 *| * _ * . .
f y 60 .---.- SPAK L -;: ! <| MATNS — | chondrocytes and the WNK2 variant overexpressing
' o = e e - pSPAK g ;- BIP2 | s I chondrocytes were compared with WT chondrocytes
Osmotic stress 151514 1.9 12 1.1 0 0 ratio -4 paive = <001 o] MMPs s m overexpressing WT WNK2.
-9 r T 1T 1T 1T 1T 1T "1 ° MMP14 SMAD3 *
| : : : : i . _ E SMAD9 [ [F
Figure 3: WNK2 mediated the response to hyperosmotic stress in WhiKe Trans =+ I St : ; o ey | RUNX2 T
| hond t A) | 1N [T 1 H 2- o ] ] °| GREM1 | COL1AT
0900 o) chondrocytes. (A) ( ) s s =1 CoLoA2 2| veers
0©O OI O [T (B) WNK2- chondrocytes show no response to < < w! COL9AS T oA
. . N
Ogcc))o 1e) ® acute hyperosmotic stress. Immunoblot analysis of total SPAK and '\? ' 3 o oers - .
- - o _ - TRPV4 Q
oo o0, O phosphorylated SPAK (pSPAK) in WT and WNK2- chondrocytes under 2 (;OIdOCh; n 2e) PIEZ02 = SRR ybep -
hyperosmotic stress. Ratio indicates pSPAK:total SPAK levels. Iso — Igz g it N > /v Acute injury Qj@o%
iIsotonic conditions, Sor — sorbitol concentration in cell culture media. Low -High © | WNT4
Relative Transcript o u//%;-_éf\.z e @ \N\*\‘@ OA
Abundance - WNT5B el
A B Z gleve x phenotype
WT cells WT cells =] wnoa eﬂ\"‘}s’s
Figure 1: The With-No-Lysine (K) 2 (WNK2) protein kinase is an Sor treated vs Ctr Sor treated vs Ctr : . .. : : : , ed
. . 60 1 | | | Log (P-value) Figure 6. WNK2 acts synergistically with chronic hyperosmotic — soc\’o‘
Intracellular sensor that respond to hyperosmotic stress by ~ Mitochondrial Dysfunction @ 3.889 . : . : Chondrocyte A2 e
L. . . . .1, °  Production of NOSROS in Macrophage- @ 2.874 < 6.00 stress to induce expression of OA-associated genes and pathways.
regulating ion channel activity and signaling pathways. In response A Roleof Osteoblasis NRA- #2502 ® 1128 Comparative RNA-seq analvsis of WT and WNK2 transfected
] . — signaling — 2 - . . . . .
to acute hyperosmotic stress, WNK2 phosphorylates and activates o 40+ . Thrombin Signaling | ©2.041 @ 2120 chonzroc tes exposed Cgo chror):ic hyperosmotic stress. (A) Volcano plots Figure 8. Model of WNK2 signaling in chondrocytes during
. . . P ¢ xidative Phosphorylation - -5. . .
the kinases SPAK and OSR1, which in turn phosphorylate and s " EIF2 Signaiing - M Y i yies X yP P homeostasis and OA. Based on our data, we propose that
- - - : > Cholesterol Biosynthesis | — . , show genes significantly upregulated (red) or downregulated (blue) in WT o , _
activate sodium and potassium chloride co-transporters to modulate S 50- Neutrophil Extracellular Trap-| @ -3.755 - : : WNK2 singling functions in normal chondrocytes to sense and
. . - MicroRNA Biogenesis © -5.052 2 chondrocytes transfected with WNK2 and treated with 100mM sorbitol _ _ e _
osmoregulation. Though none of the WNKs have been associated 6 : respond to hyperosmotic stress. During acute injury, WNK2 is
. . . T T 1 (WNK2 Trans) compared to control chondrocytes treated with 100mM _ _ ’
previously with OA, ion channels targeted by WNKs are expressed 01 02 03 04 05 . : downregulated, which may be be a mechanism to protect
in chondrocytes and upregulated in human OA tissue 0 Gene Ratio sorbitol (No Trans) for 7 days. (B) Bubble plots illustrate top KEGG chondrocvtes ,from i and reduce exoression of OA
y J ' 30 -15 00 15 30 pathways from differentially expressed genes in (A). (C) Common set of associate{j cnes and Ja tLywa . P
_ _ _ Log, Fold Change differential expressed genes (DEGs) identified from 5 human OA gene J P ys-
Mutations in WNK2 are associated . i expression studies, with 82 up-regulated and 52 down-regulated DEGs In contrast, risk factors (aging, environment, genstics) may lead
WT cells WT cells shared between at least 3 studies. Genes were ranked by fold change ’ , ng, envl ! c y
with familial osteoarthritis (OA _ WNK2Trans vs Ctr WNK2 Trans vs Ctr and compared to a ranked list of fold changes for genes outside of the OA to the upregulation of WNK2 in chondrocytes prior to overt
20 N CREB Signaling In eurons - @ 3.328 _LO-Q(P_VZ%:) set (* = Mann-Whitney P-value < 0.01). (D) Expression of selected OA development of OA. This upregulation, in combination with the
o i i GP6 Signaling -{ @ 2.837 < 2 - - - = U. - - . . P -
Analyzed ~151 families With-No-Lysine (K) 2 (WNK2) variants identified in OA families 7 R A Wound Healing Pathway - @ 2.402 ® 346 associated genes in WT and WNK2- transfected (Trans) or sorbitol (Sor) normally hyperosmotic ~ environment  of the .Jomt, m_duce;
Gone Discovery - T E— _ . N B S Macrophage Altemative Activation - - @ 2.117 ® 500 expression of pro-OA genes and pathways. This alteration in
ne Discov enotype . inor Allele rotein Domain © ° o i i Seq ® rotein Kinase A Signaling — _ - I I I I I I I I I .
(Family number) Variant Frequency | Affected by Variant o] N ..'-‘:;,’ . Superpathway of Cholesterol giosyrg— @209 @ -3.162 | Zscore treated cells. B lue tiles indicate repression, r ed tiles indicate |nduct|op of gene expression may lead to the disruption of joint homeostasis
dent tst MTP Joint OA (MTP24) and | . 2 10- S ALY Neutrophil Extracellular Trap Pathway — @ -3.042 4 gene expression. ECM — Extra cellular matrix, Inflamma. — Inflammation,
dentify Erosive Hand OA (ERO32) | ©¢-C2272A:p.H758N 0.0048 Q-rich domain o) MMP?1; Pl e Pattern recognition pathway | @ -2.53 2 o . i and deve|opment of OA
ommon > 3 ", . 117 Signaling | @ -2.449 0 TF — transcription factors, Hypo — genes associated with hypertrophy, and '
Eamilies with genesipaiway (ERO549024) c.G6161A:p.R2054Q| 0.0000073 Q-rich domain " 5] MicroRNA Biogenesis - @ -2.236 2 IC = ion channels
Osteggpt}i]?sigt(OA) Erosive Hand OA (ERO20) | ¢.C3013T:p.L1005F | 0.000013 Q-rich domain IL1B¢ - . o 03 04 05 4 '
Sﬁ7‘PTCH1

SChs,. ey,
‘9’7/ i 5e  We identified WNK2 mutations that are associated with dominant forms of familial OA.

All affected individuals have OA in miltiple joints 0 - 5 ’ /I\/lo ] Gene Ratio _
44% 30 15 00 15 3.0 Conclusions
Decreased Wnk2 in o Pro Log, Fold Change
/ Acute injury

Figure 4. Chronic hyperosmotic stress or WNK2 overexpression « WNK?2 is acutely downregulated in early stages of injury-induced OA but upregulated in advanced stages.
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