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Abstract

A growing number of diseases are linked to the misfolding of integral membrane proteins,

and many of these proteins are targeted for ubiquitin-proteasome-dependent degradation. One
such substrate is a mutant form of the Cystic Fibrosis Transmembrane Conductance Regulator
(F508del-CFTR). Protein folding “correctors” that repair the F508del-CFTR folding defect have
entered the clinic, but they are unlikely to protect the entire protein from degradation. To increase
the pool of F508del-CFTR protein that is available for correction by existing treatments, we
determined a structure-activity relationship to improve the efficacy and reduce the toxicity of

an inhibitor of the E1 ubiquitin activating enzyme that facilitates F508del-CFTR maturation. A
resulting lead compound lacked measurable toxicity and improved the ability of an FDA-approved
corrector to augment F508del-CFTR folding, transport the protein to the plasma membrane, and
maintain its activity. These data support a proof-of-concept that modest inhibition of substrate
ubiquitination improves the activity of small molecule correctors to treat CF and potentially other
protein conformational disorders.
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Cystic fibrosis (CF) is the most common, inherited lethal disease in Caucasians, and the
most common disease-associated mutation is the deletion of phenylalanine at position 508 in
the cystic fibrosis transmembrane conductance regulator (CFTR). CFTR normally functions
as a chloride channel at the apical plasma membrane in several tissues and regulates salt

and water balance.! In contrast, in individuals who carry the F508del allele, the resulting
F508del-CFTR protein inefficiently folds in the endoplasmic reticulum (ER)2 and is targeted
for ubiquitination and proteasomal degradation via the ER associated degradation (ERAD)
pathway.34 However, F508del-CFTR stability and even function are partially restored by
incubating cell lines expressing the protein in the presence of chemical chaperones or at low
temperature,>~’ a phenomenon that arises from the correction of thermodynamic and kinetic
barriers to which the F508del-CFTR protein is normally subjected.8:9 These observations
launched efforts to identify small molecule protein folding “correctors” that might similarly
facilitate F508del-CFTR maturation. Ultimately, several folding correctors—as well as
“potentiators” that augment channel activity at the plasma membrane—uwere isolated in

high throughput chemical screens.10 Subsequent efforts improved the pharmacological
properties of the compounds such that individuals who express F508del-CFTR—as well

as other unstable but rarer CFTR alleles—are currently treated with a drug cocktail. This
triple drug combination, known as Trikafta, includes both folding correctors as well as a
potentiator,11-13

Although Trikafta significantly slows disease progress and ameliorates many of the
symptoms exhibited by CF patients, the treatment fails to fully restore CFTR function.1213
Thus, the F508del-CFTR protein is incompletely rescued and is almost certainly degraded
to some extent in the ER. Moreover, there is some concern that the effects of the drugs

in the Trikafta combination wane over time based on long-term administration of one
component in the cocktail.14-16 In addition, the cost of Trikafta is exorbitant (>$280,000/
year). Therefore, there remains a dire need to improve the existing drugs used to treat CF
and to identify new targets and small molecules that augment the effects of Trikafta or
function independently.

Because F508del-CFTR is targeted for degradation by the proteasome, early studies
examined whether proteasome inhibitors might improve F508del-CFTR folding, protein
trafficking to the plasma membrane, and function. Unfortunately, as a consequence

of proteasome inhibition, the stabilized F508del-CFTR protein became highly poly-
ubiquitinated, which triggered protein insolubility and thus resistance to correction.17.18
Based on these results as well as other data, 1920 we reasoned that a small molecular
inhibitor of F508del-CFTR polyubiquitination might similarly stabilize the protein and
increase the pool of F508del-CFTR that could still be repaired. Because proteasometargeted
substrates are ubiquitinated via the sequential action of E1 ubiquitin-activating enzymes,

E2 ubiquitin conjugating enzymes, and E3 ubiquitin ligases, any of these components
might in principle be targeted to suppress F508del-CFTR ubiquitination. Indeed, a tool
compound, PYR-41, inhibits the E1 ubiquitin activating enzyme., and at sub-critical doses,
this compound enhances the ability of a F508del-CFTR corrector to stabilize the protein and
promotes F508del-CFTR trafficking to and function at the plasma membrane.?!

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.
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PYR-41 (Fig. 1) was isolated as a compound that stabilizes and thus activates p53, an
outcome that was predicted to slow the growth of cancer cells.22 Further analysis indicated
that the compound inhibited the E1 enzyme and, as anticipated, blocked TRAF6 and

IxBa ubiquitination. However, PYR-41 is quite toxic, thus limiting its use and potentially
confounding the interpretation of data on its ability to slow the degradation of F508del-
CFTR.2

To obtain less toxic and more potent inhibitors of F508del-CFTR ubiquitination, we

sought to identify small molecule analogs and explore the SAR around PYR-41. Though
several nitro- and furan-containing drugs are reported, furan derivatives and nitro-substituted
heteroaromatics are documented in the literature as toxic fragments.2324 Consequently, we
explored different combinations of substitutions to reduce toxicity based on the 5-nitrofuran
substitution on the pyrazolidine-3,5-dione (PD). To enhance the potency and efficacy of
PYR-41, we also explored diverse aromatic substitutions in the 4-position of the PD core.
Because it is unclear whether nitro substitution, furan heteroaromatics, or substitution

on the 4-position of the PD core are critical contributors for pharmacophore activity,

we took into consideration all possible combinations. During compound exploration, we
preserved the 5-nitrofuran in 4057, 9731 and 0855 with varying substitutions on the PD
core (Fig. 1). These compounds are close analogs of PYR-41 and are expected to preserve
similar pharmacophoric features. In contrast, compounds 4743, 8112 and 6303 contained
furans but without the nitro substitution, and compounds 5125, 6404, 3661, 7351, 4080,
0605 and 7134 all had nitro substituents on the phenyl ring system. In turn, 9100 and

5038 had unique substituents at the 4-position of the PD core, but resembled 3661 and
PYR-41/6303/4980/3670, respectively. Finally, we selected compounds 0682, 4980, 0477,
4976, 5129, 3670 and 0637 which lacked both furan and nitro moieties.

As a result of this analysis, 22 compounds were chosen (see Fig. 1 and below), and along
with PYR-41 these compounds were obtained from commercial sources (see Table S1).
Next, they were examined in an assay that directly monitors the covalent attachment of
radiolabeled ubiquitin onto CFTR, or any CFTR mutant, that is embedded in ER-derived
membranes (Fig. 2A).2125 The membranes can be prepared from yeast or tissue culture
(e.9., Human Embryonic Kidney-293; HEK293) cells that express a copy of CFTR that

has been introduced via the transfection of an extra-chromosomal plasmid engineered for
high level expression.2%26 |n the presence of cell lysate and ATP, a polyubiquitin chain is
added onto CFTR that can be visualized after CFTR is immunoprecipitated and analyzed by
SDS-PAGE and radiography. Recent studies indicated, as anticipated, that F508del-CFTR is
ubiquitinated to a significantly greater degree than CFTR in this assay, suggesting that the
assay faithfully recapitulates the preferred selection of the mutant protein vs the wild-type
protein for ERAD.Z® These data are also consistent with the fact that a portion of wild-type
CFTR is also targeted for ubiquitin-dependent degradation.2# In addition, the reaction

is catalyzed by E3 ubiquitin ligases that deliver CFTR and F508del-CFTR for proteasome-
dependent degradation.25:27:28.

As anticipated, membranes from yeast or HEK293 cells (Fig. 2B and C, respectively)
containing wild-type CFTR, or from HEK293 cells containing F508del-CFTR (Fig. 2D),
supported the conjugation of heterogeneous polyubiquitin chains in the presence of DMSO.

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.
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As hoped, compounds examined in this SAR analysis exhibited a range of inhibitory
activities on the ubiquitination of both wild type and F508del-CFTR, with compounds 7134
and 0637 showing the greatest inhibitory effects (Fig. 2B-E). Notably, both 7134 and 0637
inhibited CFTR and F508del-CFTR ubiquitination to a greater degree than PYR-41. Assays
to determine compound toxicity in HEK293 cells (Table 1) confirmed that PYR-41 was
toxic (1Csq = 22 pM) and indicated that 0637 was marginally toxic (ICsg = 98 uM). In
contrast, 7134 lacked toxicity at any concentration tested (up to 100 uM). As controls for
this blinded experiment, compounds 9731 and 0855 were also included. These compounds
are identical to PYR-41 but were purchased independently so that different commercial
sources/lot numbers could be examined, and as expected both were as efficacious and toxic
(P >0.05) as PYR-41.

Because 7134 lacked toxicity and most effectively reduced the extent of CFTR and F508del-
CFTR polyubiquitination /n vitro, we measured the activity of this compound in cell-based
assays that monitor CFTR stability and folding-dependent transport from the ER to the
Golgi. PYR-41 and 0637 were examined in parallel. First, the ability of the compounds

to stabilize and support the conversion of CFTR from the ER-resident “B band” to the
Golgi-associated “C band” was monitored in HEK293 cells transfected with a plasmid
encoding F508del-CFTR (Fig. 3A). DMSO was used as a vehicle control. In the absence of
added compound, only the B band was evident, but when cells were treated with the FDA-
approved corrector VX-80931 (Lumacaftor), a small amount of band C was evident. When
VX-809 was combined with PYR-41, an increase in band B—representing stabilization of
F508del-CFTR and protection from ERAD—as well as band C was apparent, consistent
with published data.2! Similarly, when VX-809 was combined with 7134, a statistically
significant increase in both bands was again apparent. To confirm these results, we next
measured the activities of the same compounds in Cystic Fibrosis Bronchial Epithelial
(CFBE) cells, which were derived from a CF patient homozygous for the F508del-CFTR
mutation (Fig. 3B). In this cell line, VX-809 and 7134 increased the amount of band B as
well as the magnitude of VVX-809-dependent maturation to band C compared to VX-809
alone. The reason that 0637 was inactive in HEK293 or CFBE cells is unclear, but might
relate to its metabolic profile, or to its marginal toxicity (Table 1).

To verify these results using an alternate method, we made use of a cell line that expresses a
fluorogen activating protein (FAP) fused to F508del-CFTR (Fig. 4A).32 When bound to FAP,
the fluorescence of a malachite green derivative rises.33 Because the F508del-CFTR-FAP
fusion was created so the FAP motif is exposed to the cell exterior only if F508del-CFTR
traffics to the plasma membrane (Fig. 4A), and because the malachite green derivative is
cell-impermeable, the fluorescent yield provides a direct and sensitive read-out of CFTR
residence at the plasma membrane.32 Indeed, since the stable cells are less proficient at
trafficking F508del-CFTR to the plasma membrane, the assay is an ideal confirmatory
system to detect cell surface F508del-CFTR-FAP. As shown in Fig. 4B, administration

of DMSO led to background cell surface fluorescence (quantified in top panels, with a

raw image of malachite green-generated fluorescence shown below). While 7134 failed to
increase cell surface residence, VX-809 led to a small but significant increase in F508del-
CFTR at the surface. However, consistent with the western blot data in Fig. 3, the magnitude
of the \VX-809 effect rose further in the presence of 7134.

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.
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We previously reported that PYR-41 improves F508del-CFTR chloride current—and thus
activity—in the presence of another F508del-CFTR corrector.2! Therefore, we explored
whether 7134 could similarly facilitate not only F508del-CFTR trafficking but also activity
at the plasma membrane when combined with VX-809 (Lumacaftor). We first confirmed
that VX-809 improved CFTR-dependent current. As shown in Fig. 5, the activity was
forskolin- (i.e., PKA-) dependent and was enhanced by VX-770 (Kalydeco), an FDA-
approved CFTR potentiator3® (blue and orange bars, respectively). In contrast, a CFTR
channel inhibitor, Inh-172,3% abolished activity (grey bars). Next, we examined 7134-
dependent activation of F508del-CFTR. Although this compound exhibited minimal effects
on the conversion of band B to band C when added to HEK293 or CFBE cells (Fig. 3),
there was a modest increase in forskolin-dependent current in the presence of 7134 that was
activated further by VVX-770. This may arise from the ability of 7134 to support F508del-
CFTR maturation in Fischer Rat Thyroid (FRT) cells, from the ability of band C below the
detection level to support channel activity, and/or from the observation that band B/active
CFTR can be detected at the plasma membrane in some cells.3” Regardless, consistent
with the ability of 7134 to further stabilize and augment the maturation of F508del-CFTR
in two other cell lines in the presence of VX-809 (Fig. 3 and 4), 7134 also increased

V' X-809-dependent channel activity in FRT cells. Combined with the data presented above,
these results indicate that non-toxic inhibitors of CFTR ubiquitination can be obtained,

and that when combined with a drug that promotes CFTR folding, increased restoration of
channel transport and activity at the plasma membrane are evident.

Overall, we set out to identify PYR-41 derivatives that could similarly inhibit F508del-
CFTR polyubiquitination, enhance F508del-CFTR maturation in the presence of a folding
corrector, and improve the activity of the corrected F508del-CFTR protein at the plasma
membrane. Instead of using tool compounds that corrected the F508del-CFTR folding
defect, an FDA-approved corrector (VX-809) was employed in this study. By identifying
and characterizing a range of chemicals based on the parent compound, PYR-41, we were
not only able to identify active compounds, but also those that were significantly less
toxic. These studies confirm that modest inhibition of F508del-CFTR polyubiquitination
improves the effects of protein folding correctors, a phenomenon that may be applicable
to other protein conformational diseases for which folding correctors are being sought.39:40
Our work also provides a commercially available, expanded, and less toxic repertoire of
inhibitors of protein ubiquitination to the research community.

Nevertheless, it is possible that the newly identified lead compound, 7134, might in principle
act on another component of the proteostasis pathway (i.e., independent of E1 ubiquitin
activating enzyme). In fact, it is even possible that 7134 acts directly on CFTR, since
F508del-CFTR-generated currents were heightened in the presence of 7134 (Fig. 5). While
these possibilities are not trivial to exclude, we sought to build confidence in the fact that
Pyr-41 and 7134 act at the same site within the E1 enzyme. To this end, we performed
modeling studies with each compound and used the UCSF Chimera program*! to dock
PYR-41 and 7134 within the Ubal ubiquitin activating enzyme from S. pombe. Notably,
this structure captured an active complex that included both the E1, an E2, and conjugated
ubiquitin.#2 As shown in Fig. 6, the molecules bound to a distinct pocket near the active
site Cys, Cys-593 (also see Table S2 for key residues contacted by each molecule). Notably,

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.
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both compounds formed extensive hydrogen bond networks within this pocket, often with
the same residues (e.g., His-84, Asn-597, and Asn-681; Table S2). While future studies are
needed to experimentally confirm these predicted binding sites, our /n silico data strongly
suggest that PYR-41 and 7134 exhibit the same mechanism of action. These data will also
prove valuable to further refine the SAR for this emerging class of E1 inhibitors.

It is important to emphasize that the mechanism of action of E1 ubiquitin activating
enzymes is complex, requiring several distinct activities and undergoing major structural
rearrangements during the catalytic cycle.#3 First, upon binding ATP and ubiquitin, the
enzyme liberates pyrophosphate and then adds an AMP moiety onto the C-terminus of a
bound ubiquitin molecule. Second, the ubiquitin-AMP conjugate is attacked by an active
site Cys (which is depicted in Fig. 6), thereby forming an E1-ubiquitin intermediate. Third,
after the enzyme undergoes a structural re-orientation, the ubiquitin is transferred onto the
active site of an E2 enzyme, which has bound and engaged a distal site on the E1. Fourth,
this final “transthioesterification” also requires subsequent major conformational alterations.
And fifth, the E1 binds a second ubiquitin, which is thought to effect a conformational
change. As a result of the complex nature of this reaction cycle, PYR-41 and 7134 might
alter any or more than one of these steps.

Finally, based on our data, several conclusions about an emerging SAR can be made. First,
the compound with a nitro-furan that is quite similar to PYR-41, 4057, as well as 9731

and 0855, which are identical to PYR-41, were toxic, whereas those with the furan alone
(6303, 8112, 4743) were not toxic. Indeed, the 5-nitrofuran moiety has been associated with
significant off-target effects in cells and in vivo.** It is therefore not surprising that these
compounds show considerable (<22 uM) toxicity. The moderate toxicity observed for 4976,
0637, 5129, and 0605 does not follow a uniform structural pattern, but might be loosely
associated with an electron-deficient Ar? substituent (Fig. 7), which, of course, increases
the electrophilicity of the 4-methylidenepyrazolidine-3,5-dione core structure. We also note
—with a single exception (9100)—the pharmacophore in this series is composed of a 4-
arylidene-1-arylpyrazolidine-3,5-dione (1). While not considered a scaffold known for toxic
metabolites or aggregators, this moiety is flagged as potentially promiscuous in screening
campaigns by machine learning modules.*> Furthermore, it is interesting to note that 7134
and 3670, which are not toxic and significantly inhibited F508del-CFTR ubiquitination,
have relatively more electron-rich Ar? substituents. Instead, the active but slightly toxic
compound, 0637, has a 2-indolinone residue attached in the 3-position, whereas the closely
related 4976 has a 3-indolinone attached at the 2-position of the heterocycle and shows
decreased activity at equivalent toxicity. Taken together, an opportunity for a future round
of SAR studies would be to further optimize substituent effects on the 2-indolinone in
0637, namely attaching electron-donating groups to the aromatic ring, for example R? =
Me, Et, or —-CH,-, as shown in compound 2, and substituents on nitrogen (R? = Me, Et,
¢-C3Hy7). In addition, the Ar® substituent frequently bears halogen and ester functionalities,
but neither one of these groups is clearly correlated with significant toxicity or rescue
activity, suggesting an additional opportunity for further SAR investigations. Thus, in analog
2, R2 through R7 could be alternated from H through F, Cl, CN, Me, to MeO groups to
fine-tune biological properties. In other future studies, it will also be critical to identify

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goeckeler-Fried et al. Page 7

compounds that are more potent and lack the potential to become covalently attached to their
target via a Michael addition. Michael acceptors are also metabolically unstable in cells.46
Overall, these studies set the stage for further work to improve the ability of Trikafta to
repair F508del-CFTR by co-administration of a ubiquitination inhibitor. In addition to the
fact that Trikafta fails to fully restore F508del-CFTR folding,12:13 some CF patients fail

to benefit from this drug combination and associated toxicities can limit its use.4” Thus,
tempering F508del-CFTR degradation via the use of a ubiquitination inhibitior is expected
to improve Trikafta, potentially allowing for the administration of lower doses and greater
efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

St?uctural analogs of PYRA4L1, an inhibitor of the E1 ubiquitin activating enzyme, examined
in this study. The 4-digit compound names are abbreviated from the Sigma Aldrich CPR
compound library database identification numbers. Compounds 9731 and 0855 are identical
to PYR-41 but from different suppliers, and are not shown. Please see Table S1 for further
information.

Bioorg Med Chem Lett. Author manuscript; available in PMC 2022 September 15.
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Fig. 2.
PYR-41 and PYR-41 analogs inhibit CFTR polyubiquitination to varying degrees. (A)

PYR-41 and structural analogs were examined in an 7 vitro ubiquitination assay using
ER-membrane-embedded CFTR or F508del-CFTR isolated from yeast or HEK293 cells, an
ATP regenerating system, 1251-ubiquitin, and yeast cell lysate, as published.252° Reactions
with (B) yeast ER-derived membranes containing CFTR, (C) HEK293 cell membranes
containing CFTR, and (D) HEK293 cell membranes containing F508del-CFTR were
performed. Sample autoradiographs showing heterogeneous polyubiquitin chain profiles
(1251, top) and western blots (WB, bottom) of the CFTR protein are shown. Molecular
weight markers are presented to the left in the top panels and the migrations of the ER-
resident B band and the mature C band are displayed below. Note that CFTR expressed

in yeast is HA-tagged but antibody 217 was used to detect the untagged CFTR and F508del-
CFTR proteins in microsomes prepared from HEK?293 cells. (E) The relative amount of
polyubiquitination in the presence of the indicated compounds was calculated as in part (B).
Both 9731 and 0855 are identical to PYR-41 and, as anticipated, yielded a similar degree of
inhibition in a blinded experiment. Compounds were added at a final concentration of 300
UM, and data represent the means of 3 independent experiments + SD.
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7134 increases VX809-dependent maturation of F508del-CFTR. (A) HEK293 transiently
expressing F508del-CFTR and (B) CFBE cells were treated with VX-809, PYR-41, 7134,
and/or 0637 for 24 h, all at a final concentration of 10 pM. The cells were then lysed,

and CFTR protein was analyzed by western blot as published.3 Actin served as a loading
control. The levels of band B and band C CFTR were quantified from 4 independent
experiments in HEK293 cells and 3 independent experiments in CFBE cells. Data were
standardized to the amount of band B in the vehicle-only (DMSO) control and to the band C
in the VX-809-treated cells, and represent the means + SD. * p < 0.05.
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Fig. 4.

Compound 7134 increases the ability of VX-809 to facilitate the transport of an F508del-
CFTR-fluorogen activating protein (FAP) fusion construct to the plasma membrane. (A)

A model of the F508del-CFTR fusion protein. (B) 7op, the relative amounts of malachite
green fluorescence bound to the extracellular FAP in an F508del-CFTR-FAP fusion protein
were determined as described32:34 and were calculated from 7 independent replicates. Final
concentrations of 7134 and VVX-809 were 10 pM. Mean + SD values for each condition are
shown; * p = 0.005, ** p < 0.0001. Bottom, raw representative images of cells in a 96-well
dish from each condition are shown. The panel in part A was reproduced with permission.32
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Fig. 5.
Increased levels of active F508del-CFTR are produced with a combination of compound

7134 and VX-809. FRT cells expressing F508del-CFTR were plated at a final concentration
of 110,000 cells/well and incubated with the indicated compounds or DMSO for 24 h. Short-
circuit currents (Isc) were measured as described?! such that apical chloride levels were
lower relative to the basolateral surface. Amiloride was also present to inhibit the epithelial
sodium channel.38 The final concentrations of VX-809 and 7134 were 3 uM and 60 uM,
respectively, which yielded maximal activity (data not shown). To confirm CFTR-specific
current, cells were treated sequentially with forskolin (5 pM), VX-770 (5 uM), and CFTR
Inh-172 (10 pM) where indicated. The number of replicates and p values are shown.
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Fig. 6.

P3R-41 and 7134 bind similar sites in an E1 ubiquitin activating enzyme. (A) Localization
of analog 7134 in a pocket near the active site Cys residue (Chimera docking score of
—7.2). (B) Localization of PYR-41 in the same small molecule binding pocket (Chimera
docking score of =7.3). (C) (D) Overlay of docked poses of 7134 and PYR-41. The position
of the catalytic Cys (Cys-593) is indicated in (D). Molecular graphics and analyses were
performed with UCSF Chimera developed by the Resource for Biocomputing, Visualization,
and Information at the University of California, San Francisco. Protein target Ubel (PDB
ID: 5KNL) was truncated to chains A, B, and C. The binding site was determined based

on overall accessibility of the ligand to the protein. Structures of PYR-41 and 7134

were minimized using the RHF-3-21G(*) basis set prior to docking, then docked to the
protein within a 22 A cube centered at —17.9410, —-69.6827, and —19.7044 near Cys-593.
Minimization of the best docked score for each was performed using 1000 steepest decent
steps and 100 gradient steps within Chimera to obtain the final docking pose.
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1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Goeckeler-Fried et al.

Fig. 7.
Scaffolds and structural features for further development of an SAR.
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Table 1

The effects of the compounds on HEK?293 cell viability were examined using a commercial CellTiter-Glo
assay in order to determine 1Cs values, as published.30 Data represent the means of 3 independent

experiments. PYR41 is shown for comparison. Note that 9731 is identical to PYR-41 and, as anticipated,
yielded a similar ICsq in a blinded experiment. 0855, in this assay, appeared to be somewhat more toxic, but

the P value was > 0.05.

Compound

1Cso (LM)

DMSO (vehicle)
PYR-41
0682
4980
4743
9100
8112
0477
6303
4057
5125
6404
9731
4976
5038
3661
7351
4080
0855
0605
5129
3670
0637
7134

>100
22
>100
>100
>100
>100
>100
>100
>100
12
>100
>100
21
90
>100
>100
>100
>100
9.0
86
78
>100
98
>100
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