Supplemental material

Saei et al., https://doi.org/10.1084/jem.20171960

st
A 1st Round Screen B WM164
1.5+
<
P
b 3
u © 1d
2 a
o %)
W )
e
= |sD © -
g E
Average
|||||l|||| © [ [ I = o o A
N < (el N E — — —
<
DUB shRNA Library 5 & S 53 &6 &
UsSP28 ) =) =, R:J ) 3
C D E
1 54 USP28k 5
< ct A B C D s "
E - + o+ + + + FlUSP28
= 150 kD - Flag E o
—-— Q 1.01
g1 100kD W g
n 1 34 15 14 08 77 3
=) ) Q 051
2 42 KD —| we— S - 5-Actin 2
S 054 3
¢ Y o
o o
Ctl A B (o} D Dub12
pool
0d USP28kd
PLX4032 - _+ - 4+ - 4 -4 - 4
3 o & 2 B
- Q N ™ 8
2 =
=4
n
F G FBW7kd H FBW7kd
X " = . 2 ¢ 4 B Myc-FBW
] -+ + + yc-| 7
g 44 kD a -- pERK 75 kD —] "
- c
5 0.5 1 1.3 1.3 50 kD — - Y
1 25 7.7 144
& 44 kD—] - - - ERK
42 kD—| ") - W W | 3-Actin
¢c b 55 kD— S S M  TUBULIN
USP28kd

Figure S1. USP28 is a novel regulator of MAPK signaling. (A) Graph representing relative mean pERK/ERK values from two individual DUB screens. 293T
cells were transfected with the individual pools from the DUB library. 72 h later, cell lysates were collected and probed for pERK and ERK. Proteins levels were
quantified by Image] and a relative value of pERK/ERK was obtained. (B) WM164 cells were treated with 1 uM vemurafenib (PLX4032) for 3 h. USP28, USP42,
USP32, A20, ZRNAIB1, CYLD, USP19, and UCHL1 mRNA levels relative to GAPDH are shown as evaluated by gRT-PCR. Data are mean + SD of triplicate sam-
ples from a representative experiment performed three times. (C) WM164, A373 C.6, SK-MEL-28, A375, and A2058 cells were treated with vemurafenib
(PLX4032) for 3 h. USP28 mRNA levels relative GAPDH are shown as evaluated by qRT-PCR. Data are mean + SD of triplicate samples from a representative
experiment performed three times. (D) Immunoblot analysis of 293T cells expressing Flag-USP28 and shRNA vectors (A-D) targeting USP28. Whole cell
extracts were probed with the indicated antibodies. Data shown are representative of three independent and reproducible experiments. Respective proteins
levels were quantified by Image] comparing indicated proteins to relevant controls. (E) 293T cells expressing shRNA vectors (A-D) targeting USP28 or DUB
pool 12 (USP28). USP28 mRNA levels relative GAPDH are shown as evaluated by qRT-PCR. Data are mean = SD of triplicate samples from a representative
experiment performed three times. (F) Quantification of relative band intensities of pERK/ERK from three independent experiments. Respective proteins
levels were quantified by Image]. (G) Immunoblot analysis of 293T cells expressing shRNA vectors (A and B) targeting FBW7. Whole cell extracts were probed
with the indicated antibodies. (H) Immunoblot analysis of 293T cells expressing myc-FBW7 and shRNA vectors (A and B) targeting FBW7. Whole cell extracts
were probed with the indicated antibodies. For G and H data shown are representative of three independent and reproducible experiments. Respective
proteins levels were quantified by Image] comparing indicated proteins to relevant controls.
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Figure S2. USP28/FBW?7 forms a complex with RAF family members. (A) Conserved FBW7 Cdc4 phosphodegron domain highlighting conserved
phosphoepitope and negative charge at the +4 position of known FBW?7 substrates and BRAF, ARAF, and CRAF. (B-D) Immunoprecipitation with anti-Myc
resin from lysates of 293T cells expressing Myc-FBW7 and an immunoblot analysis of indicated proteins including BRAF (B), ARAF (C), and CRAF (D). (E-G)
Immunoprecipitation with anti-Flag resin from lysates of 293T cells expressing Flag-USP28 and an immunoblot analysis of indicated proteins including BRAF
(E), ARAF (F), and CRAF (G). (H) Immunoprecipitation with anti-FBW?7 resin from lysates of WM164 melanoma cells and an immunoblot analysis of indicated

proteins. For B-H, data shown are representative of two independent and reproducible experiments.

Saei et al.

Regulation of BRAF degradation by the USP28/FBW?7 complex

Journal of Experimental Medicine
https://doi.org/10.1084/jem.20171960

S18



A s 5 B - -+ PLX4032
o £ - + HA-Ubiquitin
o - £ 283 + + + Myc-FBW7
S + + + BRAF (V600E)
100 kD= e
75 kD= =
75 kD o
Myc @
E5 IS - E A
84 kD l l I I BRAE >
‘. .‘ g
= 3
75 kD= i
Myc 55 kD==|
50 kD= - s oo .
. 2 ] MYC
37 k| W ——— |0 [ 50 wal] T
HA
C .
T %
N~
=
3 @ 3 55 kD—____
100 kD= PweFawr 75O -we |3
75 kD— 50 kD— g
150 kD= 84 kD— W W W | BRAF
_ |uspP2s
100 kD— 0~ T
44 kD= -
44 kD= ." ERK
MG132
D WM164
WM164 USP28CRsP1
ctl 01 03 1 Cl 01 03 1  PLX4032
44 KD—— s . D < - | PERK

-

1 07 03 01 15 12 05 01

44 kD—| - S A . | ERK

84 KD —| e s s s D G SHED SN | BRAF

150 kD—

R . USP28

100 kD—

42 KD —| M e c— —— a— —c— | 3-ACtin

Figure S3. Vemurafenib alters FBW7 ubiquitination. (A) Immunoprecipitation with an N-terminal anti-FBW7 resin from lysates of 293T cells expressing
Myc-FBW?7 or Myc-FBW?7(R505L). Immunoblot analysis of indicated proteins is shown. (B) Immunoprecipitation with anti-Myc resin in 293T cells stably ex-
pressing BRAF(V600E), Myc-FBW7, and HA-Ub, treated with proteasome inhibitor, MG132 (5 uM) and vemurafenib (PLX4032; 1 uM) overnight. Immunoblot
analysis of indicated proteins is shown. (C) Immunoblot analysis of WM164 melanoma cells stably expressing ShRNA vectors targeting USP28 and FBW?7.
Whole cell extracts were derived from Fig. 2 K and probed with the indicated antibodies. (A-C) Data shown are representative of two independent and re-
producible experiments. (D) Immunoblot analysis of WM164 or WM164 USP28 CRISPR knockout cells treated with different concentrations of vemurafenib
(PLX4032) for 1 h. Whole cell extracts were probed with the indicated antibodies. Data shown are representative of two independent and reproducible ex-
periments. For respective immunoblots, proteins levels were quantified by Image) comparing indicated proteins to relevant controls.
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Figure S4. Characteristics of study cohort. (A) Pathological characteristics of study cohort (n = 424; TCGA). This cohort contains 424 patients of which
the disease stages are as follows: 1.4% for Stage 0, 18.2% for Stage |, 33.0% for Stage I, 39.9% for Stage Ill, 5.2% for Stage IV, and 2.3% for Stage I/1l NOS. (B)
Multivariate analysis comparing USP28 expression to survival (P = 5.88 x 107%), gender (P = 0.9212), age (P = 0.0243), and tumor stage (P = 0.04691).
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Figure S5. Sensitivity of parental cell lines and USP28 knockdown cells to vemurafenib. (A) Quantification of IC50 values (nM) of Fig. 4 F. (B) Quanti-
fication of IC50 values (nM) of Fig. 4 G. (C) Graph representing relative pERK levels after vemurafenib treatment from three independent experiments of
WM164 or WM164 knockdown cells after indicated vemurafenib treatment for 1 h as in Fig. 4 H. A two-tailed Student’s t test compares the treated popula-
tions. (D) Graph representing relative pERK levels after vemurafenib treatment from three independent experiments of A373C.6 USP28 or A373C.6 USP28
knockdown cells after indicated vemurafenib treatment for 1 h as in Fig. 4 I. A two-tailed Student’s t test compares the treated populations; *, P < 0.05. (E)
Bar graph comparing USP28 expression versus time to progression (months) in patients receiving either dabrafenib plus trametinib or vemurafenib plus co-
bimetinib (n = 5). Mean USP28 expression in all of the samples was used as a cutoff for low (<100) versus high (>100) USP28 expression. (F) Quantification
of IC50 values (nM) of Fig. 7 B.

Tables S1, S2, and S3 are included as separate Excel files. Table S1 shows a deubiquitinating enzyme screen analyzing altered
pERK/ERK ratios. Table S2 shows USP28 copy number variation and NRAS, BRAF, NF1, and FBW7 mutation status in 118
melanoma patients. Table S3 shows the chemical compound screen in A373 cells and A373 USP28 knockdown cells.
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