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ABSTRACT 21 
 22 
The NLRP3 inflammasome is a key mediator of innate immunity that integrates 23 
inflammatory and metabolic stress signals. Increased and/or chronic activation of this 24 
critical pathway has been implicated in obesity, with hypothalamic neuroinflammation 25 
linked to dysregulation of energy balance. TN-783 is an investigational, CNS-penetrant, 26 
small-molecule NLRP3 inhibitor that potently suppressed inflammasome activation 27 
across multiple in vitro assays. In diet-induced obese (DIO) mice, only TN-783, and not 28 
the peripherally restricted NLRP3 inhibitor TN-101, produced progressive and sustained 29 
weight loss, underscoring the requirement for central target engagement. Weight loss 30 
was driven by a persistent reduction in food intake across both acute and chronic 31 
phases, without altering energy expenditure. This effect was further characterized by 32 
selective reduction of fat mass, with minimal impact on lean tissues. Mechanistically, 33 
NLRP3 inhibition attenuated DIO-induced hypothalamic neuroinflammation and partially 34 
reversed obesity-associated molecular changes based on transcriptomic and proteomic 35 
profiling of the hypothalamus. Beyond monotherapy, TN-783 enhanced the effects of 36 
the GLP-1 receptor agonist semaglutide by amplifying weight loss, reinitiating weight 37 
loss after semaglutide effect had plateaued, and maintaining the weight loss benefit 38 
after semaglutide withdrawal. Discontinuation of TN-783 resulted in reversal of both 39 
weight and feeding effects, indicating that its therapeutic activity requires ongoing target 40 
engagement rather than permanent remodeling of metabolic pathways. Collectively, 41 
these observations support central NLRP3 inhibition as a distinct and promising 42 
approach for obesity treatment, offering robust induction and sustained maintenance of 43 
weight loss while preserving reversibility. 44 
  45 
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INTRODUCTION 46 
 47 
Obesity is a chronic, multifactorial disease shaped by genetic, environmental, and 48 
neurobiological influences. While lifestyle modification offers measurable health 49 
benefits, durable weight reduction remains difficult for most individuals, and obesity 50 
continues to drive rising rates of type 2 diabetes, cardiovascular disease, and other 51 
metabolic complications. Pharmacologic treatment has advanced with glucagon-like 52 
peptide-1 receptor agonists (GLP-1RA), which promote substantial weight loss through 53 
appetite suppression and improved metabolic regulation (1–3). Other incretin-based 54 
agents and newer classes of therapies, such as those targeting PYY and amylin, are 55 
also emerging (4–7). However, important limitations remain: (1) responses are 56 
heterogeneous with many patients failing to achieve a clinically meaningful weight loss, 57 
(2) the loss of lean mass can occur during treatment, (3) tolerability issues can hinder 58 
adherence, and (4) weight regain often follows treatment withdrawal (8, 9). These 59 
challenges underscore the need for complementary strategies that engage distinct 60 
mechanisms to improve induction, durability, and quality of weight loss. 61 
 62 
Obesity is recognized as a state of chronic, low-grade inflammation, with consistent 63 
evidence of elevated circulating inflammatory mediators in affected individuals (10–15). 64 
Growing evidence further implicates a central role for neuroinflammation in the 65 
pathophysiology of obesity; in preclinical models, high fat feeding and chronic 66 
overnutrition trigger activation of microglia and astrocytes in hypothalamic nuclei that 67 
regulate energy balance, leading to impaired neuronal signaling and sustained 68 
hyperphagia (16–19). Consistent with these preclinical findings, post-mortem analyses 69 
of brains from obese patients have revealed microgliosis and exacerbated microglial 70 
dystrophy in corresponding hypothalamic regions, further supporting neuroinflammation 71 
as a common, driving feature of obesity in both preclinical models and humans (20).  72 
 73 
The NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) inflammasome has 74 
been implicated as a mechanistic driver of obesity-associated neuroinflammation and 75 
metabolic dysfunction. Activation of NLRP3 induces the assembly of the inflammasome 76 
complex with the apoptosis-associated speck-like protein containing a CARD (ASC), 77 
leading to caspase-1 activation and the subsequent release of proinflammatory 78 
cytokines, IL-1β and IL-18. Mice lacking NLRP3 or downstream components such as 79 
ASC or caspase-1 demonstrated attenuated diet-induced weight gain, adipose 80 
inflammation, and insulin resistance (21, 22). Additionally, pharmacological studies 81 
showed that small molecule NLRP3 inhibitors reduced obesity, attenuated inflammatory 82 
biomarkers, and improved metabolic outcomes in rodent models (23, 24). Collectively, 83 
these data suggest that the NLRP3 pathway may be a key contributor to the 84 
pathophysiology of obesity and thus represents a promising therapeutic target. 85 
 86 
In this study, we developed two structurally distinct NLRP3 inhibitors with differential 87 
brain penetrance: TN-783, a highly CNS-penetrant compound, and TN-101, a 88 
peripherally restricted analog, to dissect the contribution of central versus peripheral 89 
NLRP3 inflammasome signaling in obesity. Using DIO mice, we demonstrated that 90 
central NLRP3 inhibition was required to produce weight loss, and that this was 91 



achieved through selective reduction of fat mass while preserving lean mass. This effect 92 
was sustained by a persistent suppression of food intake without compensatory 93 
reduction in energy expenditure, across both the acute and chronic phases of weight 94 
loss. Beyond amplifying the initial response to semaglutide, NLRP3 inhibition also 95 
reinitiated weight loss after GLP-1RA-induced weight loss had plateaued. 96 
Mechanistically, TN-783 reduced DIO-induced neuroinflammation in the hypothalamic 97 
arcuate nucleus (ARC) and elicited partial restoration of obesity-associated 98 
transcriptomic and proteomic dysregulation, most notably within inflammatory and 99 
neuronal signaling pathways. Collectively, these findings established the mechanistic 100 
and pharmacologic requirements for NLRP3-targeted therapies, resolved uncertainties 101 
regarding the necessity of CNS engagement, and demonstrated the potential of NLRP3 102 
inhibition to build upon the benefits of incretin-based treatments.   103 
 104 
RESULTS  105 
 106 
Discovery and characterization of highly CNS-penetrant NLRP3 inhibitors 107 
 108 
To identify CNS-penetrant NLRP3 small molecules, we initiated a lead-finding campaign 109 
utilizing a ligand-based structure-activity relationship strategy in parallel to a high-110 
throughput screening campaign. Through our lead-finding efforts, we identified TN-551, 111 
a compound that showed high potency for NLRP3 when tested in a fluorescence 112 
polarization (FP) displacement assay using a fluorescent analog of MCC950 – a well-113 
characterized, sulfonylurea-based reference inhibitor of the NLRP3 inflammasome (25).  114 
 115 
To confirm the mechanism of action of this early lead, we determined the cryo-electron 116 
microscopy (cryo-EM) structure of the NLRP3–NEK7 complex in the presence of ADP, 117 
Mg2+, complexed with TN-551 (Supplementary Figure 1). This structure provided the 118 
basis for iterative rounds of structure-based drug design to improve in vitro assay 119 
potency and pharmacokinetic properties resulting in the development of TN-783 and 120 
TN-101 (Figure 1A-B). In our FP displacement assay, TN-101 and TN-783 yielded IC50 121 
values of 29.8 ± 4.9 nM and 19.3 ± 2.2 nM (Figure 1C, Supplementary Table 2), 122 
respectively. These data confirm that both compounds bind to the NLRP3 NACHT 123 
pocket with high affinity. 124 
 125 
To characterize the functional effects of our NLRP3 inhibitors, we assessed TN-783 and 126 
TN-101 in cellular assays with LPS/nigericin-stimulated THP-1 macrophages, 127 
measuring IL-1β release as a readout of inflammasome activation (26). TN-101 and TN-128 
783 inhibited IL-1β secretion with an IC50 of 5.58 ± 0.47 nM and 45.9 ± 3.0 nM, 129 
respectively (Figure 1D, Supplementary Table 2), demonstrating strong cellular activity 130 
for both compounds in conditions known to stimulate NLRP3-dependent immune 131 
responses.  132 
 133 
Palmitate, a dietary saturated fatty acid (SFA), is known to induce NLRP3 134 
inflammasome activation, leading to impaired insulin signaling (27, 28). Elevated levels 135 
of free fatty acids, including palmitate, have been reported in both the serum and 136 
cerebrospinal fluid of obese individuals (29–31). In line with these findings, we 137 



confirmed that lipid challenge in THP-1 macrophages with palmitate-BSA robustly 138 
stimulated the secretion of IL-1β and IL-18, the key cytokines that are dependent on 139 
NLRP3 pathway activation (Figure 1E-F). Notably, both NLRP3 inhibitors, TN-101 and 140 
TN-783, dose dependently suppressed palmitate-induced inflammatory response, with 141 
IC50 values of 5.97 ± 0.94 nM and 5.17 ± 0.73 nM for IL-1β, and 12.2 ± 4.3 nM and 12.3 142 
± 1.4 nM for IL-18 secretion, respectively (Supplementary Table 2). 143 
 144 
Finally, to determine whether our inhibitors can inhibit NLRP3 activity in translationally 145 
relevant samples, we measured IL-1β secretion in mouse whole blood stimulated with 146 
LPS/ATP. TN-101 and TN-783 inhibited IL-1β release with IC50 values of 26.6 ± 7.1 nM 147 
and 174 ± 37 nM, respectively (Figure 1G). In human whole blood, both compounds 148 
also showed robust activity, with IC50 values of 3.39 ± 0.83 nM for TN-101 and 23.1 ± 149 
6.0 nM for TN-783 (Figure 1H). Together, these data demonstrate that TN-783 and TN-150 
101 have comparable efficacy and potency across biophysical and cellular assays. 151 
 152 
Pharmacokinetic analysis demonstrated that TN-783 is highly CNS-penetrant 153 
while TN-101 is peripherally restricted 154 
 155 
To evaluate the pharmacokinetic (PK) profiles of TN-783 and TN-101 in vivo, we 156 
conducted dosing studies in both normal chow-fed lean (NC lean) and DIO mice. TN-157 
783 was administered twice daily (b.i.d.) via oral gavage at 50 mg/kg for 14 days 158 
(Figure 2A). At steady state, plasma concentrations reached similar peak levels in NC 159 
lean and DIO mice, but declined more slowly in the DIO animals, consistent with 160 
sustained or slower oral absorption (Figure 2B). Under the b.i.d. regimen with 10 hours 161 
between daily doses, plasma exposures of TN-783 were broadly maintained during the 162 
0-10- and 10-20-hour intervals, with a more pronounced decline occurring between 20-163 
24 hours before the next day’s dose (Figure 2B). 164 
 165 
Unbound fractions (fu) determined by ultracentrifugation in rodent matrices were 0.045 166 
in plasma and 0.043 in brain for TN-783. To calculate unbound brain exposure, 167 
unbound plasma concentrations were scaled using a brain-to-plasma unbound partition 168 
ratio (Kp,uu) of 0.41, derived from dedicated PK studies in DIO mice (Supplementary 169 
Table 3). At 50 mg/kg, unbound plasma exposures exceeded the in vitro unbound IC90 170 
(IC90,u) for NLRP3 inhibition and calculated unbound brain concentrations also 171 
surpassed this benchmark (Supplementary Table 3). Administration of TN-783 at 50 172 
mg/kg selectively reduced body weight in DIO mice, whereas lean animals were 173 
unaffected (Figure 2C-D). This result, while obtained in PK-dedicated cohorts with small 174 
group sizes (N=3/group), indicated the weight-lowering effect of a CNS-penetrant 175 
NLRP3 inhibitor may be specific to the obese state.  176 
 177 
To directly contrast the CNS-penetrant compound with a peripherally restricted analog, 178 
we performed parallel studies with TN-101 (Figure 2E–H). Like TN-783, TN-101 179 
achieved comparable peak plasma concentrations in NC lean and DIO mice, with 180 
exposures again declining more rapidly in NC lean animals. TN-101 displayed 181 
approximately dose-proportional increases in steady-state plasma exposure across the 182 
dose range of 1 to 10 mg/kg (Figure 2F). Unbound fractions in rodent matrices were 183 



0.110 in plasma and 0.144 in brain. Predicted brain concentrations were then derived 184 
from unbound plasma exposures using a Kp,uu of 0.016, established in dedicated PK 185 
studies in DIO mice (Supplementary Table 3). Under these conditions, unbound 186 
plasma exposures exceeded the in vitro unbound IC90 (IC90,u) for NLRP3 inhibition at all 187 
doses while unbound brain levels remained below the in vitro IC90,u for NLRP3 inhibition, 188 
even at the highest dose. Thus, while TN-101 reached adequate systemic exposure, 189 
CNS exposure was comparatively restricted. Associated with this, TN-101 did not 190 
induce body weight change in DIO mice at all doses tested up to 10 mg/kg (Figure 2G). 191 
Treatment of lean mice with the highest dose of TN-101 for 15 days was well tolerated 192 
and did not alter body weight relative to vehicle controls (Figure 2H), suggesting the 193 
absence of weight change in DIO mice is not due to or confounded by adverse events. 194 
On this basis, 1 mg/kg was selected for future studies, as it achieved plasma exposure 195 
above IC90,u while maintaining minimal CNS penetration.  196 
 197 
Taken together, the body weight reduction induced by the CNS-penetrant NLRP3 198 
inhibitor TN-783 and the absence of body weight change after dosing with the 199 
peripherally restricted NLRP3 inhibitor, TN-101, is consistent with the hypothesis that 200 
CNS NLRP3 pathway inhibition is required for efficacy. 201 
 202 
CNS-penetrant NLRP3 inhibitor promoted progressive and sustained weight loss 203 
in DIO mice 204 
 205 
Inhibition of NLRP3 has been previously shown to induce weight loss in models of 206 
obesity (23, 24), but whether this effect was mediated by central or peripheral 207 
inflammasome activity remained unresolved. Our PK study provided an early indication 208 
that TN-783, a CNS-penetrant inhibitor, could reduce body weight in DIO mice, 209 
prompting us to pursue dedicated studies explicitly designed to confirm weight-loss 210 
effects under rigorously controlled conditions. To conclusively address whether CNS 211 
penetration is required for efficacy, we compared the centrally penetrant compound TN-212 
783 with the peripherally restricted analog TN-101 (Figure 3A). Multiple doses of TN-213 
783 were tested up to 50 mg/kg, while TN-101 was evaluated at 1 mg/kg 214 
(Supplementary Table 3). Lean animals were included at the 50 mg/kg dose of TN-783 215 
to control for potential nonspecific effects of treatment at the highest effective dose 216 
selected for this design. In this experiment, animals were acclimated with twice-daily 217 
vehicle dosing for 14 days to habituate them to the regimen and allow body weight to 218 
stabilize. The mice were then randomized to treatment groups to ensure comparable 219 
baseline body weight and body composition (Supplementary Figure 2A-B). 220 
 221 
Brain exposures were measured from terminal samples collected 1 hour after the final 222 
dose (Supplementary Figure 2C). At 50 mg/kg, TN-783 achieved unbound brain 223 
concentrations in both lean and DIO mice that exceeded the in vitro IC90,u and aligned 224 
with levels predicted from plasma PK (Supplementary Table 3). At lower doses (0.5 225 
and 2 mg/kg), unbound brain concentrations in DIO mice were near or below the IC90,u 226 
level. In contrast, TN-101 administered at 1 mg/kg produced unbound brain levels below 227 
the limit of quantification (>16-fold below IC90,u), while exceeding IC90,u coverage 228 
peripherally, confirming its restriction from the CNS.  229 



 230 
We next examined whether these brain exposures translated into measurable effects on 231 
body weight in DIO and lean mice. In DIO animals, TN-783 produced a progressive and 232 
sustained reduction in body weight over 28 days at the 50 mg/kg dose, with no effect at 233 
lower doses (Figure 3B-C). Analyses performed both as percent of vehicle-normalized 234 
change and as absolute body weight yielded concordant results, supporting the 235 
robustness of the effect. By contrast, TN-101 had no impact on body weight in DIO mice 236 
(Figure 3D-E). Further, normal chow-fed lean mice treated with TN-783 at 50 mg/kg 237 
showed no weight change (Figure 3F-G). Collectively, our data established that CNS 238 
NLRP3 inhibition is required to drive weight loss. More specifically, this effect occurs 239 
only when central exposures exceed the IC90,u and that this effect is specific to the 240 
obese state rather than a nonspecific consequence of the pharmacological agent. 241 
 242 
To evaluate the impact of TN-783-induced weight loss on body composition, we 243 
performed MRI analysis after 27 days of dosing. Weight loss in TN-783-treated DIO 244 
animals was associated with a marked reduction in fat mass without significant 245 
reduction in lean mass (Figure 3H, Supplementary Figure 2D). This effect was 246 
confirmed by terminal tissue weights showing significantly decreased white adipose 247 
tissue depots, while representative muscle masses were preserved (Figure 3I, 248 
Supplementary Figure 2E). These effects of TN-783 were absent in NC lean animals 249 
treated at the same dose of 50 mg/kg (Supplementary Figure 2G–H), highlighting that 250 
TN-783 exerted its effect only in the context of obesity, with minimal impact under lean 251 
conditions. Food intake measurements showed that TN-783 induced a modest yet 252 
persistent reduction in caloric intake in DIO mice that was maintained throughout the 253 
dosing period and not observed in lean controls (Supplementary Figure 2F, I). 254 
Cumulative intake analysis (Supplementary Figure 2J) further showed that this 255 
sustained reduction brought food consumption level in DIO mice toward the range 256 
observed in NC lean animals.  257 
 258 
The durability of the food intake suppression prompted us to next examine how TN-783 259 
influences energy balance in more detail. To this end, we conducted comprehensive 260 
metabolic phenotyping using indirect calorimetry in DIO mice at both the acute and 261 
chronic phases of treatment on days 7-11 and 21-25, respectively (Figure 3J; 262 
Supplementary Figure 3A). Mice were acclimated to b.i.d. dosing for 14 days prior to 263 
study start, then assigned to treatment groups with matched baseline body weight and 264 
body composition (Supplementary Figure 3B). TN-783 was dosed twice daily at 50 265 
mg/kg, the regimen previously shown to produce robust weight loss. In this study, TN-266 
783 again induced progressive weight loss in DIO mice (Supplementary Figure 3C-D), 267 
and longitudinal MRI measurement confirmed the selective reduction in fat mass without 268 
significant alteration in lean mass (Supplementary Figure 3E-G). 269 
 270 
To assess the relative contribution of energy expenditure and intake, animals were 271 
acclimated in Comprehensive Lab Animal Monitoring System (CLAMS) chambers for 48 272 
hours prior to data collection, followed by a 48-hour recording window (24-hour 273 
averages shown). Energy expenditure per animal was modestly lowered in TN-783-274 
treated mice at both the acute and chronic phases (Supplementary Figure 3H, N). This 275 



decrease reflected the reduced body weight of TN-783-treated mice, as weight-276 
normalized values were identical to those of controls (Figure 3K, Supplementary 277 
Figures 3I). Physical activity was similarly unchanged by TN-783 treatment (Figure 3L; 278 
Supplementary Figure 3J). In contrast, food intake was consistently reduced in TN-279 
783-treated DIO mice across both the acute and chronic phases (Figure 3M; 280 
Supplementary Figure 3K). This suppression was accompanied by a sustained 281 
lowering of respiratory exchange ratio (RER; Figure 3N; Supplementary Figure 3L), a 282 
shift often observed when food intake is reduced and reflecting greater reliance on lipid 283 
utilization (32). Analysis of total energy balance showed that TN-783 treatment reduced 284 
energy intake without altering energy expenditure (Figure 3O, Supplementary Figure 285 
3M), shifting these DIO animals from a net positive balance under vehicle to 286 
approximate equilibrium. As a result, TN-783-treated mice maintained a lower energy 287 
balance than controls during both the acute and chronic phases of treatment. 288 
Longitudinal monitoring of food intake across the full study period (Figure 3P; 289 
Supplementary Figure 3O) further confirmed this effect: TN-783 reduced food intake 290 
immediately upon initiation of dosing, and the reduction was sustained throughout the 291 
28-day study. 292 
 293 
An oral glucose tolerance test (OGTT) was carried out on day 15 to determine whether 294 
TN-783 treatment improved metabolic control. TN-783-treated DIO mice displayed 295 
lower blood glucose excursions compared to vehicle controls following the glucose 296 
challenge (Figure 3Q). This improvement was further reflected by a significant 297 
reduction in the area under the curve (AUC; Figure 3R), indicating that enhanced 298 
glucose tolerance emerged in parallel with the ongoing loss of body weight and fat 299 
mass. 300 
 301 
Together, these studies demonstrated that TN-783 induced fat-selective weight loss in 302 
obese mice by persistently suppressing food intake without affecting energy expenditure 303 
or activity. The resulting improvements in body composition were accompanied by 304 
enhanced glucose tolerance, further underscoring the therapeutic potential of CNS-305 
penetrant NLRP3 inhibitors in obesity and its comorbidities. 306 
 307 
TN-783 attenuated hypothalamic gliosis and partially restored obesity associated 308 
molecular dysregulation  309 
 310 
Because the weight-lowering effects of TN-783 required CNS penetration and were 311 
mediated through suppression of feeding, we focused our mechanistic analysis on the 312 
hypothalamus, a key brain region that controls energy homeostasis. The hypothalamus 313 
integrates hormonal and neuronal cues to regulate appetite and metabolism (33) and 314 
gliosis within this region has previously been reported in obesity across both animal 315 
models and humans (16, 20). These observations led us to hypothesize that TN-783 316 
may alleviate hypothalamic neuroinflammation.  317 
 318 
Precise delineation of hypothalamic nuclei is technically demanding and can be 319 
challenging even for experienced investigators. To manage this complexity, we 320 
employed AgRP immunoreactivity as a structural marker: AgRP is expressed in 321 



orexigenic neurons whose cell bodies reside in the hypothalamic arcuate nucleus 322 
(ARC). Within the hypothalamus, AgRP neurons extend projections within the ARC and 323 
to the dorsomedial hypothalamus (DMH), but are absent from the ventromedial 324 
hypothalamus (VMH), thereby serving as a robust supplementary marker that 325 
complements conventional neuroanatomical landmarks (Supplementary Figure 4). To 326 
assess glial activation, we measured Iba1, a marker for microglia, and GFAP, a marker 327 
for reactive astrocytes, since increases in these markers are indicative of 328 
neuroinflammation. GFAP immunoreactivity in the ARC was not significantly different 329 
between groups (Supplementary Figure 5). In contrast, DIO mice exhibited a 330 
significant increase in Iba1 immunoreactivity in the ARC, consistent with microglial 331 
activation, while levels in the VMH and DMH were not different (Figure 4A-B). 332 
Importantly, treatment of DIO mice with TN-783 significantly reduced Iba1 333 
immunoreactivity in the ARC, restoring the values toward those observed in NC lean 334 
animals. Collectively, these results demonstrated that DIO led to significant 335 
hypothalamic microgliosis, and that TN-783 selectively attenuated this response in the 336 
ARC, a critical center for appetite and energy balance regulation. 337 
 338 
Previous studies also reported profound alterations at both transcriptional and protein 339 
levels in the hypothalamus of mice fed a high-fat diet (34–38). To determine whether 340 
TN-783 can ameliorate DIO-associated hypothalamic dysregulation besides gliosis, we 341 
performed bulk RNA sequencing on hypothalami dissected from NC lean mice and DIO 342 
mice treated with vehicle (DIO_Vehicle) or TN-783 (DIO_TN-783) for 4 weeks. All 343 
samples exhibited clear expression of hypothalamic marker genes (39), with minimal 344 
expression of a cerebellum-specific control markers (40) (Supplementary Figure 6A). 345 
Consistent with previous reports, DIO_Vehicle mice displayed an extensive set of 346 
differentially expressed genes (DEGs), including 421 significantly upregulated and 579 347 
significantly downregulated (FDR < 10%, absolute fold change > 20%) (Figure 4C). The 348 
key pathways perturbed by DIO were enriched for cellular metabolism, inflammation, 349 
and signaling (Supplementary Table 4). Notably, treatment with TN-783 reversed the 350 
expression patterns of many DIO-induced DEGs (Supplementary Figure 6B, 351 
compared with Figure 4C), reducing the total number of DEGs to 96 (64 significantly 352 
upregulated, 32 significantly downregulated) (Figure 4D). These findings suggested 353 
that TN-783 markedly attenuated transcriptional dysregulation in the hypothalamus of 354 
DIO mice. A heatmap of the top 25 DEGs rescued by TN-783 (see Supplementary 355 
Figure 6C for selection algorithm) showed that genes upregulated or downregulated in 356 
DIO_Vehicle mice were restored toward the expression profile of NC lean controls 357 
(Figure 4E). Among the top genes rescued by TN-783 were those involved in immune 358 
functions (e.g., Cfh [complement factor H, regulator of the complement cascade], Chuk 359 
[IKKα, regulator of NF-κB signaling]), neuronal signaling (e.g., Sema4f, Icam5), and 360 
transcriptional regulation (e.g., Mier2, Cited1) (Supplementary Figure 6D). 361 
 362 
We next performed proteomics on hypothalami isolated from a 14-day study with the 363 
same three treatment groups to assess the impact of obesity and TN-783 treatment at 364 
the protein level. DIO mice demonstrated significant changes in the relative abundance 365 
of >100 proteins (103 significantly up and 19 significantly down at FDR < 10% and 366 
absolute fold change > 20%) (Supplementary Figure 6E). Similar to its effect on the 367 



transcriptome, TN-783 treatment attenuated many of these changes, with the top 25 368 
proteins rescued by TN-783 illustrated in the heatmap (Figure 4F, Supplementary 369 
Figure 6F) and individual plots of the top 8 proteins shown in Supplementary Figure 370 
6G. These proteins are functionally enriched in trafficking (e.g., TUBA1A, TRAPPC3, 371 
TRAPPC6B, AP2S1, AP1S1, CHMP4B), neurotransmission and neuronal signaling 372 
(e.g., CPLX, SEC22B, LYPD1, DOK6), and immune regulation (e.g., PSME2, 373 
SERPINA1D, COMMD5). Taken together, our results demonstrated that DIO promoted 374 
pathological shifts in the hypothalamic microenvironment, characterized by microglial 375 
activation and broad molecular dysregulation. 376 
 377 
CNS-penetrant NLRP3 inhibitor TN-783 enhanced semaglutide efficacy, restarted 378 
weight loss after plateau, and maintained weight reduction following withdrawal  379 
 380 
Because GLP-1RAs represent the current standard of care in obesity, we investigated 381 
whether central NLRP3 inhibition could enhance or extend their therapeutic benefit. We 382 
therefore examined the ability of TN-783 to augment semaglutide-induced weight loss 383 
and to preserve weight reduction after semaglutide withdrawal (Figure 5A-I). Mice were 384 
first acclimated by twice-daily oral gavage with the vehicle solution for TN-783 and 385 
once-daily subcutaneous injection with the vehicle for semaglutide for 13 consecutive 386 
days. After this mock-dosing period, animals were randomized into treatment groups to 387 
ensure comparable baseline body weight and body composition, as in previous studies. 388 
The study then proceeded through weight loss induction, cross over, and maintenance 389 
phases. Semaglutide was administered at 0.0041 mg/kg (1 nmol/kg), a dose known to 390 
induce robust, but submaximal weight loss (41), thereby allowing us to test whether TN-391 
783 could further improve efficacy. 392 
 393 
Consistent with published data, semaglutide treatment produced a rapid and robust 394 
reduction in body weight relative to vehicle controls, which then plateaued after 395 
approximately two weeks (Figure 5B-C). In contrast, TN-783 monotherapy drove a 396 
more gradual yet progressive weight loss that continued throughout the treatment 397 
period, reproducing the effect observed in prior studies (Figures 3B-C & 398 
Supplementary Figures 3D-D). Importantly, combining TN-783 with semaglutide not 399 
only resulted in a greater magnitude of weight loss than either monotherapy, but also a 400 
sustained and progressive trajectory, illustrating that NLRP3 inhibition can enhance and 401 
extend GLP-1-based efficacy. Analysis of individual weight loss curves revealed 402 
substantial variability in response to either monotherapy (Supplementary Figure 7A-403 
G), whereas the combination therapy produced a more uniform weight-loss profile 404 
across animals (Supplementary Figure 7H-I). In addition, mice receiving the 405 
combination therapy showed improved glucose tolerance relative to vehicle and TN-783 406 
alone, with significantly lower glucose excursions during an oral glucose tolerance test 407 
and reduced area under the curve (Figure 5D-E).  408 
 409 
While semaglutide induces substantial weight loss, its clinical utility is limited by a 410 
plateau in efficacy and by tolerability issues that impede long-term adherence. We 411 
therefore asked if TN-783 could reinitiate weight loss once the semaglutide response 412 
had plateaued and sustain weight reduction following semaglutide discontinuation. As 413 



shown in the design schematic above Figure 5F, animals were first treated with 414 
semaglutide, then randomized to different maintenance regimens. Addition of TN-783 415 
during the crossover phase, after semaglutide-induced weight loss had plateaued, 416 
rapidly triggered further reductions in body weight (Figure 5F-G), mirroring the additive 417 
effect observed in the induction phase with combination therapy (Figure 5B-C). This 418 
renewed weight loss indicated that NLRP3 inhibition could overcome resistance to 419 
semaglutide and reinstate its weight-loss effect after the initial response had diminished. 420 
Transition of this group to TN-783 monotherapy preserved the reduced body weight with 421 
minimal rebound. In contrast, mice switched to vehicle rapidly regained weight, and 422 
those maintained on semaglutide showed a stable profile without further reduction. By 423 
the end of the study, the group treated with TN-783 in the maintenance phase reached 424 
a lower body weight than either comparator group (Figure 5F-G). These data 425 
demonstrated that TN-783 alone can sustain and maintain weight loss following 426 
semaglutide withdrawal.  427 
 428 
To assess whether these maintenance effects extended to metabolic function, we 429 
performed an OGTT on day 58. Mice that continued semaglutide treatment showed 430 
improved glucose tolerance compared to vehicle controls (Figure 5H-I), whereas 431 
animals switched from semaglutide to vehicle exhibited glycemic excursions 432 
indistinguishable from vehicle-only controls, suggesting a complete loss of benefit. By 433 
contrast, mice transitioned to TN-783 monotherapy displayed reduced glucose 434 
excursions and lower AUC relative to those maintained on vehicle throughout and those 435 
switched from semaglutide to vehicle, indicating partial preservation of glycemic control 436 
by central NLRP3 inhibition despite semaglutide withdrawal. 437 
 438 
The durability of TN-783-induced weight loss was further assessed in animals treated 439 
with either continuous monotherapy or a regimen involving combination therapy during 440 
induction followed by TN-783 alone during maintenance (Figure 5J-K). In both groups, 441 
body weight declined significantly during the induction period and was stably maintained 442 
throughout the maintenance phase under TN-783 monotherapy. By study end, the two 443 
regimens yielded comparable body weights. Mice treated with either continuous TN-783 444 
or the combination-to-monotherapy sequence displayed improved glucose tolerance 445 
compared with vehicle controls, as reflected by lower glycemic excursions during the 446 
challenge and significantly reduced AUC values (Figure 5L-M). No significant 447 
differences were observed between the two TN-783 regimens. These findings 448 
demonstrated that our CNS-penetrant NLRP3 inhibitor, whether administered as 449 
continuous monotherapy or following initial combination with semaglutide, supports 450 
durable weight loss and sustained metabolic improvement in DIO mice. 451 
 452 
Finally, we assessed whether the effects of TN-783 were reversible upon treatment 453 
cessation (Figure 5N, Supplementary Figure 8A). After 28 days of TN-783 dosing, 454 
animals displayed robust reduction in body weight relative to vehicle controls as 455 
expected (Figure 5O, Supplementary Figure 8B). Withdrawal of TN-783 led to a rapid 456 
rebound in food intake along with progressive weight regain, ultimately converging 457 
toward the trajectory of vehicle-treated mice (Figure 5O-P, Supplementary Figure 8B-458 
C). These results indicated that the weight-loss effect of TN-783 is fully reversible and 459 



dependent on continued target engagement. Collectively, these results demonstrated 460 
that central NLRP3 inhibition offers a novel, safe, and versatile approach to obesity 461 
treatment, with potential efficacy as a monotherapy and the capacity to both extend and 462 
enhance the benefits of existing therapies. 463 
 464 
DISCUSSION 465 
 466 
Our study identified central NLRP3 inhibition as a mechanistically distinct therapeutic 467 
approach from incretin-based therapies for obesity. We demonstrated that efficacy 468 
required direct CNS engagement, with efficacy achieved only when unbound brain 469 
concentrations exceeded the in vitro IC90,u threshold for target inhibition. TN-783 470 
induced progressive, fat-selective weight loss through sustained suppression of food 471 
intake without altering energy expenditure. At the mechanistic level, TN-783 corrected 472 
obesity-associated microgliosis in the hypothalamic ARC. Associated with this, 473 
transcriptomic and proteomic profiling of the hypothalamus revealed partial reversal of 474 
obesity-associated molecular changes, particularly in pathways related to inflammation 475 
and neuronal signaling. These findings provided mechanistic insight into why CNS 476 
target engagement is required for NLRP3 inhibition to confer metabolic benefit. In the 477 
therapeutic context, TN-783 enhanced the effects of semaglutide when co-administered 478 
and, critically, TN-783 reinitiated weight loss after semaglutide’s effect had plateaued, 479 
demonstrating central NLRP3 inhibition as an effective add-on to GLP-1RA therapy. 480 
Moreover, TN-783 preserved weight loss after semaglutide withdrawal and 481 
demonstrated full reversibility upon discontinuation. Together, these findings define the 482 
mechanistic basis and highlight the therapeutic potential of a CNS-penetrant NLRP3 483 
inhibitor in obesity. 484 
 485 
The hypothalamus has long been recognized as a central regulator of energy 486 
homeostasis. This region is particularly vulnerable to SFA, such as palmitate, which 487 
rapidly accumulate in the mediobasal hypothalamus following high-SFA intake (42). 488 
Supporting a causal link between dietary SFA and NLRP3 activation, palmitate 489 
exposure triggered robust secretion of NLRP3-dependent cytokines IL-1β and IL-18 490 
from macrophage-like cells and this inflammatory response was potently suppressed by 491 
NLRP3 inhibitors. These cellular findings provide a mechanistic link between dietary 492 
lipids and tissue-level consequences of chronic high-fat feeding. Inflammation of the 493 
mediobasal hypothalamus in DIO is well documented in rodents and has also been 494 
observed in humans by MRI and histological analyses (43–46). Consistent with prior 495 
studies (42, 46–48) we found that DIO was associated with selective microgliosis in the 496 
ARC, a key appetite-regulating region in the mediobasal hypothalamus, and that 497 
treatment with the CNS-penetrant NLRP3 inhibitor TN-783 rescued this gliosis, restoring 498 
microglial reactivity toward levels observed in lean animals. Besides microgliosis, DIO 499 
also induces widespread transcriptomic and proteomic alterations in the hypothalamus 500 
(49–53). Consistent with these prior findings, our transcriptomic and proteomic analyses 501 
of the DIO hypothalamus revealed robust changes in inflammatory and metabolic 502 
pathways, as well as dysregulation of neuronal signaling and trafficking proteins, 503 
demonstrating the breadth of molecular disruptions in the hypothalamus during obesity. 504 
Remarkably, TN-783 dampened many DIO-induced DEGs and protein-level changes, 505 



supporting a mechanistic role of NLRP3 in hypothalamic dysregulation. The attenuation 506 
of changes in inflammatory genes and proteins underscores the central role of the 507 
NLRP3 inflammasome in neuroinflammation, while the rescue of neuronal signaling and 508 
neurotransmission pathways likely reflects secondary benefits of reduced microgliosis. 509 
This interpretation aligns with reports showing that resolving hypothalamic inflammation, 510 
whether by depleting microglia, genetic silencing of inflammatory signaling (IKKβ/NF-κB, 511 
JNK pathways), or direct anti-inflammatory blockade (inhibition of TLR4/TNFα) can 512 
alleviate neuronal stress (18, 19, 45, 54, 55). Together, these findings highlight the 513 
central role of NLRP3 in hypothalamic neuroinflammation and demonstrate that central 514 
NLRP3 inhibition reverses both cellular and molecular hallmarks of obesity-associated 515 
hypothalamic dysfunction. 516 
 517 
To understand why resolving neuroinflammation leads to reduced food intake, we 518 
focused on the physiological function of the ARC, which contains first-order neurons 519 
that sense peripheral and central signals of energy status and orchestrate feeding 520 
behavior through interconnected circuits (56–58). Neuroinflammation within this nucleus 521 
has been proposed to compromise the functional integrity of these neurons, impairing 522 
their ability to respond to regulatory cues (42, 47–48). DIO in both mouse models and 523 
humans is well known to be associated with resistance to leptin, an adipocyte-derived 524 
hormone. Leptin normally contributes to homeostatic regulation of energy balance by 525 
inhibiting orexigenic neurons and stimulating anorexigenic neurons in the ARC (59). 526 
Prior work showed that targeting neuroinflammation by ablating microglia in DIO mice 527 
restored leptin sensitivity, resulting in reduced food intake and protection against further 528 
weight gain (19). This work provided direct evidence that microglia activity can impair 529 
satiety signaling and thereby promote obesity. More broadly, microglia-driven disruption 530 
of neuronal function is a common feature across disease contexts, including 531 
Alzheimer’s disease (60, 61), multiple sclerosis (62), and traumatic brain injury (63), 532 
where microglial activation has been implicated in synaptic remodeling, 533 
neurotransmission deficits, and altered circuit connectivity leading to functional 534 
impairment (62, 64, 65). These observations highlight how inflammatory remodeling of 535 
neuronal circuits can compromise network fidelity across contexts, raising the question 536 
of how local microenvironmental features of the ARC makes it especially vulnerable in 537 
obesity. The ARC lies adjacent to the median eminence, a circumventricular organ that 538 
lacks a classical BBB. This arrangement allows circulating hormones, nutrients, and 539 
metabolites to directly access subsets of ARC neurons, while other neuronal 540 
populations within the same nucleus remain BBB-protected (58, 66). Such mixed 541 
exposure creates a heterogeneous environment in which some neuronal subtypes are 542 
directly exposed to circulating dietary and metabolic signals, while others rely on indirect 543 
or glial-mediated sensing. In the context of chronic high-fat feeding, this dual 544 
architecture may render the ARC particularly susceptible to inflammatory remodeling: 545 
neurons at the BBB-free interface are continuously exposed to elevated lipids and 546 
cytokines, while surrounding microglia integrate both central and peripheral stress 547 
signals. This unique positioning of the ARC raises an important pharmacologic question: 548 
if subsets of ARC neurons are directly exposed to circulating factors, why is a CNS-549 
penetrant NLRP3 inhibitor required to achieve metabolic benefit? We propose that the 550 
signaling integrity of neurocircuitry within BBB-protected networks of the ARC is critical 551 



for the coordinated regulation of energy homeostasis and feeding behavior. Within this 552 
nucleus, first-order orexigenic AgRP/NPY and anorexigenic proopiomelanocortin 553 
(POMC) neurons form the fundamental circuit governing feeding behavior (57, 67–69). 554 
Notably, nonspecific lesioning of the ARC region located outside the BBB in adult mice 555 
produces little or no effect on food intake or body weight, indicating that effective 556 
regulation of feeding behavior depends critically on the integrity of neurons and circuits 557 
situated behind the barrier (58). Another possibility is that other brain regions shielded 558 
by the BBB may also undergo inflammatory remodeling in obesity such that broader 559 
CNS engagement is required to fully restore homeostatic function. These considerations 560 
suggest that the metabolic benefits of NLRP3 inhibition ultimately reflect the ability of a 561 
highly CNS-penetrant inhibitor to recalibrate hypothalamic circuits more broadly, thereby 562 
restoring the neuronal fidelity required for long term regulation of energy balance.  563 
 564 
Beyond its efficacy as a monotherapy, we observed that central NLRP3 inhibition not 565 
only enhanced the effect of semaglutide but also reinitiated weight loss after 566 
semaglutide weight loss had plateaued. GLP-1RAs are known to drive rapid appetite 567 
suppression but typically plateau with continued treatment (2, 70), suggesting the 568 
emergence of resistance. One possible explanation is that persistent and unresolved 569 
hypothalamic inflammation impairs the ability of neurons in the ARC to sense and 570 
integrate satiety signals, both endogenous (such as leptin) and exogenous (such as 571 
GLP-1 analogs), thereby acting as a barrier to limit continued incretin response. Under 572 
this framework, incretin therapy amplifies satiety inputs, but the inflamed hypothalamus 573 
has diminished capacity to respond to them, leading to a plateau in weight loss despite 574 
persistent excess adiposity. While GLP-1 receptor agonists, including semaglutide, 575 
have been reported to exert anti-inflammatory effects (71–74), our findings suggest that 576 
hypothalamic neuroinflammation nonetheless persists during semaglutide treatment and 577 
remains responsive to NLRP3 inhibition for resolution. By suppressing this 578 
neuroinflammation, NLRP3 inhibition appeared to restore neuronal responsiveness, 579 
effectively lowering the resistance to satiety hormones and allowing feeding circuits to 580 
remain sensitive to ongoing signals. This mechanistic framework suggests that the 581 
benefit of NLRP3 inhibition may extend beyond GLP-1 to other satiety hormone 582 
pathways, including glucagon, GIP, amylin, and PYY, by improving the brain’s ability to 583 
sense and respond to these cues. Together, these complimentary mechanisms highlight 584 
the potential of NLRP3 inhibition to extend and stabilize the therapeutic benefits of 585 
incretins in clinical practice. 586 
 587 
Taken together, our findings provide important insights into the specificity, reversibility, 588 
and translational potential of CNS-penetrant NLRP3 inhibitor in obesity. TN-783 589 
produced weight loss in obese, but not lean mice, and this was achieved while 590 
preserving lean muscle mass. This selective profile addresses a long-standing 591 
challenge for obesity pharmacotherapy where loss of lean tissue often accompanies fat 592 
reduction. The profile of TN-783 was also distinct from semaglutide in that weight loss 593 
was progressive rather than abrupt, and was driven by modest, sustained suppression 594 
of food intake, a dynamic typically associated with healthier body composition and less 595 
drastic muscle loss than therapies that induce rapid catabolism (75). Furthermore, 596 
withdrawal of TN-783 led to rapid weight regain, consistent with the notion that ongoing 597 



dietary lipid stress continually activates hypothalamic microglia and that sustained target 598 
CNS engagement is required to maintain benefit. Taken together, these findings position 599 
a CNS-penetrant NLRP3 inhibitor as a promising therapeutic strategy that restores 600 
hypothalamic function, achieves durable and fat-selective weight loss, and 601 
complements existing treatments. More broadly, these results underscore the 602 
importance of targeting neuroimmune pathways in obesity, and provide a framework for 603 
clinical translation, where CNS NLRP3 inhibition could be deployed as both a 604 
monotherapy and in combination with established agents. 605 
 606 
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 616 
 617 



Figure 1. In vitro characterization of peripherally restricted and CNS-penetrant 618 
NLRP3 inhibitors. 619 
(A-B) Chemical structures of TN-783 (CNS-penetrant NLRP3 inhibitor) and TN-101 620 
(peripherally restricted NLRP3 inhibitor). (C) Dose response curve of TN-101 and TN-621 
783 in fluorescence polarization displacement assay. (D) Dose-response curves of TN-622 
101 and TN-783 on IL-1β secretion from differentiated THP-1 macrophages following 623 
LPS/nigericin stimulation. Data were normalized by in-plate DMSO-treated and positive 624 
control compound-treated conditions. (E-F) Dose-response curves of TN-101 and TN-625 
783 on IL-1β (E) and IL-18 (F) secretion from differentiated THP-1 macrophages 626 
following overnight stimulation with 400 μM palmitate-BSA. Concentration of IL-1β or IL-627 
18 detected in the medium at each compound concentration was normalized to the 628 
value observed with DMSO control. The dotted line represents the level of IL-1β or IL-18 629 
detected without palmitate treatment (untreated). IC50 values were corrected for 630 
palmitate-BSA binding of the compounds. (G-H) Dose-response curves of TN-101 and 631 
TN-783 on IL-1β secretion from ATP/LPS stimulated mouse whole blood (G) or human 632 
whole blood (H). For figures C-H, data are shown as mean ± SEM from three 633 
independent experiments.  634 
 635 



 636 
 637 
 638 
Figure 2. In vivo exposure of CNS-penetrant and peripherally restricted NLRP3 639 
inhibitors in DIO and lean mice. 640 



(A) Schematic of TN-783 dosing in DIO and normal chow (NC)-fed lean mice. Mice 641 
received twice daily oral dosing of vehicle or TN-783 (50 mg/kg) for 15 days. (B) 642 
Unbound plasma TN-783 exposure at steady state (day 15). (C-D) Body weight 643 
changes from baseline in DIO and NC lean animals. (E) Schematic of TN-101 dosing 644 
study in DIO and NC lean mice. TN-101 or its vehicle was administered twice daily via 645 
oral gavage for 15 days. (F) Unbound plasma TN-101 exposure at steady state (day 646 
15). (G-H) Body weight changes from baseline in DIO and NC lean animals. Data are 647 
mean ± SEM of N=3/group (A-D) or N=10/group (E-H). Statistical significance relative to 648 
vehicle-treated control was determined by a two-way ANOVA (*, p<0.05). 649 
 650 



 651 
 652 
Figure 3. CNS-penetrant NLRP3 inhibitor induced weight loss in DIO mice.  653 
(A) Schematic of compound dosing in DIO and normal chow (NC)-fed lean mice. (B-C) 654 
Vehicle-adjusted and absolute body weight of DIO mice treated with TN-783. (D-E) 655 
Vehicle-adjusted and absolute body weight of DIO mice treated with TN-101. (F-G) 656 
Vehicle-adjusted and absolute body weight of lean mice treated with TN-783. Grey 657 
areas represent the acclimation period. (H) Fat and lean masses (vehicle-adjusted) after 658 
27 days of TN-783 treatment in DIO mice assessed by MRI. (I) Masses of adipose 659 



tissues and muscles (vehicle-adjusted) after 28 days of TN-783 treatment in DIO mice. 660 
(J) Experimental schematic of TN-783 dosing study in DIO mice with Comprehensive 661 
Lab Animal Monitoring System (CLAMS) and oral glucose tolerance test (OGTT) 662 
measurements. (K-N) Energy expenditure (body weight-adjusted), physical activity, food 663 
intake, and respiratory exchange ratio (RER) over 24 hours in the chronic phase of TN-664 
783 dosing. Grey areas indicate lights-off period. (O) Total energy intake and energy 665 
expenditure over the 24-hour period measured in the chronic phase of the study. (P) 666 
Daily food intake (vehicle-adjusted) over the acclimation and dosing periods. (Q-R) 667 
Blood glucose and area under the curve during the OGTT. Data are mean ± SEM of 668 
N=8-10/group (A-I) or N=12/group (J–R). Statistical significance for TN-783 effect was 669 
determined by a two-way ANOVA (B-G, K-N, P) followed by Šídák's multiple 670 
comparison tests against vehicle-treated controls (H-I, O, Q) or Mann Whitney test (R) 671 
(*, p<0.05. **, p<0.01, ***, p<0.001, ****, p<0.0001). 672 
 673 



 674 
 675 
Figure 4. TN-783 reduced microgliosis marker Iba1 in the hypothalamic arcuate 676 
nucleus (ARC) in association with partial rescue of DIO-induced transcriptomic 677 
and proteomic changes. 678 



(A) Representative sections showing Iba1 immunoreactivity in the hypothalamus of 679 
vehicle-treated NC lean control, vehicle- and TN-783-treated DIO animals. Scale bar: 680 
100 µm. ARC: arcuate nucleus, VMH: ventromedial hypothalamus, DMH: dorsomedial 681 
hypothalamus. Scale bar: 100 µm (B) Quantification of Iba1 immunostaining. Data are 682 
shown as median with interquartile range (IQR); whiskers indicate min–max. Statistical 683 
significance for TN-783 effect was determined by a one-way ANOVA followed by 684 
Dunnett’s multiple comparison tests against vehicle-treated DIO controls (*, p<0.05. **, 685 
p<0.01). (C-D) Volcano plots showing transcriptomic changes in the hypothalamus of 686 
DIO mice relative to NC lean controls (C) and TN-783-treated DIO mice relative to NC 687 
lean controls (D). Genes with false discovery rate (FDR, adjusted p value) < 10% and 688 
absolute fold change > 20% are marked by red (upregulated) and blue (downregulated) 689 
circles. Examples of genes significantly altered in DIO relative to lean but rendered 690 
insignificant with TN-783 treatment are labeled. (E-F) Heatmaps for the top 25 hits (see 691 
Supplementary Figure 6C & 6E for selection criteria) demonstrating alterations in DIO 692 
relative to NC lean controls with rescue by TN-783 treatment from bulk RNA sequencing 693 
(E) and proteomics (F) of hypothalamus.  694 
 695 
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Figure 5. TN-783 potentiated semaglutide-induced weight loss, enabled durable 698 
maintenance after semaglutide withdrawal, and showed reversibility consistent 699 
with an on-target effect.  700 
(A) Study schematic of TN-783 and semaglutide dosing in DIO mice. Following 701 
acclimation, mice underwent a weight loss induction phase (days 1–28), a 702 
crossover/extension period (days 29–39), and a maintenance phase (days 40–66). (B-703 
E) Body weight (vehicle-adjusted and absolute) and OGTT following treatment with 704 
vehicle, TN-783, semaglutide, or their combination during the weight loss induction 705 
period. (F-I) Body weight (vehicle-adjusted and absolute) and OGTT following treatment 706 
with vehicle, semaglutide, semaglutide followed by vehicle, or semaglutide followed by 707 
combination treatment with TN-783 in the crossover phase and TN-783 monotherapy 708 
during the maintenance phase. (J-M) Body weight (vehicle-adjusted and absolute) and 709 
OGTT following treatment with vehicle, TN-783 monotherapy, or its combination with 710 
semaglutide during the weight loss induction phase followed by TN-783 monotherapy 711 
during the maintenance period. (N) Study schematic of TN-783 dosing in DIO mice 712 
during weight loss induction (days 1–28) followed by withdrawal (days 29–56). (O-P) 713 
Body weight (vehicle-adjusted) and food intake following treatment with TN-783 during 714 
the weight loss induction period and after treatment withdrawal. Data are mean ± SEM 715 
of N=8-16/group (B-E), N=8-10/group (F-M) or N=7-8/group (N-P). Statistical 716 
significance for TN-783 effect was determined by a two-way ANOVA (B-C, J-K, O-P) 717 
followed by multiple comparison tests as indicated (F-G) or one-way ANOVA followed by 718 
Tukey’s multiple comparison tests against vehicle-treated DIO controls or as indicated 719 
(E, I, M). Asterisks (*) indicate a significant main effect of drug, whereas bullet point (•) 720 
indicate a significant drug x time interaction (**/••, p<0.01, ***/•••, p<0.001, ****/••••, 721 
p<0.0001). 722 
  723 



MATERIALS AND METHODS 724 
 725 
Compound synthesis and characterization 726 
 727 

TN-551: 2-[(2'R,4S)-6-bromo-2'-fluoro-1-oxospiro[3H-isoquinoline-4,1'-728 
cyclopropane]-2-yl]-N-(5-fluoropyrimidin-2-yl)acetamide 729 

 730 

 731 
 732 

TN-551 can be prepared according to the procedures outlined in WO2022/232632. 733 
Intermediate 1: (fluoromethyl)(phenyl)(2,3,4,5-tetramethylphenyl)sulfonium 734 

tetrafluoroborate 735 

 736 
(fluoromethyl)sulfinyl)benzene: To a suspension of SelectFluor (463.5 g, 1.31 mol) in 737 
MeCN (1.5 L) at 0 °C was added a solution of methyl(phenyl)sulfane (130.0 g, 1.05 mol) 738 
in MeCN (150 mL) over 10 min. Et3N (132.4 g, 1.31 mol) was then added to the mixture 739 
at 0 °C. The reaction mixture was allowed to warm to 20 °C and stirred for 16 h. Two 740 
batches of the above were run in parallel and combined for workup. The combined 741 
batches were diluted with water (1000 mL) and extracted with DCM (3 × 500 mL). The 742 
combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 743 
under reduced pressure. The crude residue was dissolved in MeOH (2000 mL), diluted 744 
with water (200 mL), and cooled to 0 °C. NBS (372.6 g, 2.09 mol) was carefully added, 745 
and the mixture was stirred for 16 h at 15 °C. The reaction mixture was diluted with 10% 746 
Na2SO3 solution (200 mL) followed by sat. aq. NaHCO3 until pH = 7. Methanol was 747 
removed under reduced pressure, and the remaining aqueous phase was extracted with 748 
DCM (3 × 500 mL). The combined organic layers were washed with brine (500 mL), 749 
dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. 750 
(fluoromethyl)(phenyl)(2,3,4,5-tetramethylphenyl)sulfonium tetrafluoroborate 751 
(Intermediate 1): To a solution of (fluoromethyl)sulfinyl)benzene (10.0 g, 63.2 mmol) in 752 
diisopropyl ether (100 mL) at -10 °C were added 1,2,3,4-tetramethylbenzene (7.64 g, 753 
56.9 mmol) and Tf2O (17.8 g, 63.2 mmol). The reaction mixture was stirred at 20 °C for 754 
1 h. The reaction mixture was filtered, and the resulting solid was dissolved in DCM 755 
(200 mL) and washed with aq. NaBF4 (1 M, 6 × 200 mL). The organic phase was dried 756 
over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 757 
residue was triturated with MTBE at 20 °C for 30 min and then filtered to provide the 758 
desired product. LCMS: m/z = 275.2 [M+H]+. 759 
 760 
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 764 
 765 
 766 
TN-101: 2-[(2'r,4s)-2'-fluoro-6-iodo-1-oxospiro[3H-isoquinoline-4,1'-cyclopropane]-767 

2-yl]-N-(3-hydroxy-3-methylcyclobutyl)acetamide 768 
 769 

 770 
Methyl 4-bromo-2-iodobenzoate: To a solution of 4-bromo-2-iodo-benzoic acid (10.0 771 
g, 30.6 mmol) in MeOH (100 mL) at 0 °C was added conc. H2SO4 (15 g, 153 mmol). 772 
The reaction mixture was stirred at 80 °C for 5 h. The reaction mixture was poured into 773 
water (300 mL) and extracted with EtOAc (3 × 100 mL). The combined organic layers 774 
were washed with sat. aq. NaHCO3 (3 × 50 mL), dried over anhydrous Na2SO4, filtered, 775 
and concentrated under reduced pressure to provide a crude residue that was used 776 
directly. 1H NMR (400 MHz, CDCl3): δ 8.18 (s, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.55 (dd, J 777 
= 0.8, 8.0 Hz, 1H), 3.93 (s, 3H). 778 
Methyl 4-bromo-2-vinylbenzoate: To a mixture of methyl 4-bromo-2-iodo-benzoate 779 
(6.0 g, 17.6 mmol), potassium vinyltrifluoroborate (2.4 g, 17.6 mmol), and CsF (8.0 g, 780 
52.8 mmol) in 1,4-dioxane (100 mL) was added Pd(dppf)Cl2 (1.3 g, 1.76 mmol). The 781 
reaction mixture was stirred at 90 °C for 16 h. The reaction mixture was concentrated 782 
under reduced pressure. The residue was purified by silica gel column chromatography. 783 
1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 8.4 Hz, 1H), 7.72 (d, J = 2.0 Hz, 1H), 7.49-784 
7.37 (m, 2H), 5.66 (d, J = 17.2 Hz, 1H), 5.41 (d, J = 10.8 Hz, 1H), 3.90 (s, 3H). 785 
Methyl 4-bromo-2-(1-cyanovinyl)benzoate: To a mixture of Cu2O (345 mg, 2.41 786 
mmol), 6,6'-dimethyl-2,2'-bipyridine (444 mg, 2.41 mmol), and Selectfluor (6.4 g, 18 787 
mmol) in acetone (20 mL) and water (10 mL) were added methyl 4-bromo-2-vinyl-788 
benzoate (2.9 g, 12 mmol) and TMSCN (2.4 g, 24.1 mmol). The reaction mixture was 789 
stirred at 20 °C for 16 h. The reaction mixture was poured into aq. NaHCO3 (1 M, 30 790 
mL) and extracted with EtOAc (3 × 30 mL). The combined organic layers were washed 791 
with brine (30 mL), dried over anhydrous Na2SO4, filtered, and concentrated under 792 
reduced pressure. The residue was purified by silica gel column chromatography. 1H 793 
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NMR (400 MHz, CDCl3): δ 7.89 (d, J = 8.4 Hz, 1H), 7.65 (dd, J = 2.0, 8.4 Hz, 1H), 7.51 794 
(d, J = 1.6 Hz, 1H), 6.24 (s, 1H), 6.01 (s, 1H), 3.96 (s, 3H). 795 
Methyl 4-bromo-2-(1r,2r)-1-cyano-2-fluorocyclopropyl)benzoate and methyl 4-796 
bromo-2-(1r,2s)-1-cyano-2-fluorocyclopropyl)benzoate: To a solution of methyl 4-797 
bromo-2-(1-cyanovinyl)benzoate (800 mg, 3.01 mmol) in THF (30 mL) at 0 °C were 798 
added (fluoromethyl)(phenyl)(2,3,4,5-tetramethylphenyl)sulfonium tetrafluoroborate (2.3 799 
g, 6.0 mmol, Intermediate 1) and NaH (1.2 g, 30.1 mmol, 60% purity in mineral oil). The 800 
reaction mixture was stirred at 20 °C for 1 h. The reaction mixture was poured into water 801 
(50 mL) and extracted with EtOAc (3 × 30 mL). The combined organic layers were 802 
washed with brine (10 mL), dried over anhydrous Na2SO4, filtered, and concentrated 803 
under reduced pressure. The residue was purified by silica gel column chromatography 804 
to provide the title products as a 3:2 mixture. LCMS: m/z = 298.0, 300.0 [M+H]+. 805 
(2'r,4s)-6-bromo-2'-fluorospiro[2,3-dihydroisoquinoline-4,1'-cyclopropane]-1-one 806 
and (2'r,4r)-6-bromo-2'-fluorospiro[2,3-dihydroisoquinoline-4,1'-cyclopropane]-1-807 
one: To a solution of methyl 4-bromo-2-(1r,2r)-1-cyano-2-fluorocyclopropyl)benzoate 808 
and methyl 4-bromo-2-(1r,2s)-1-cyano-2-fluorocyclopropyl)benzoate (0.92 g, 3.09 mmol, 809 
3:2 mixture) and CoCl2 (401 mg, 3.09 mmol) in MeOH (10 mL) at 0 °C was added 810 
NaBH4 (350 mg, 9.26 mmol). The reaction mixture was stirred at 20 °C for 2 h. The 811 
reaction mixture was poured into sat. aq. NH4Cl (20 mL) and extracted with EtOAc (3 × 812 
20 mL). The combined organic layers were washed with brine (2 × 10 mL), dried over 813 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The residue 814 
was purified by silica gel column chromatography to provide: 815 
(2'r,4s)-6-bromo-2'-fluorospiro[2,3-dihydroisoquinoline-4,1'-cyclopropane]-1-one: 1H 816 
NMR (400 MHz, CDCl3): δ 8.02 (d, J = 8.4 Hz, 1H), 7.52 (dd, J = 2.0, 8.4 Hz, 1H), 6.85 817 
(d, J = 2.0 Hz, 1H), 6.12 (br s, 1H), 4.70-4.50 (m, 1H), 3.87 (d, J = 12.4 Hz, 1H), 3.51 818 
(dd, J = 4.4, 12.8 Hz, 1H), 1.62-1.54 (m, 1H), 1.42-1.24 (m, 1H). 819 
(2'r,4r)-6-bromo-2'-fluorospiro[2,3-dihydroisoquinoline-4,1'-cyclopropane]-1-one: 1H 820 
NMR (400 MHz, CDCl3): δ 8.02 (d, J = 8.4 Hz, 1H), 7.55 (dd, J = 2.0, 8.4 Hz, 1H), 7.28 821 
(d, J = 2.0 Hz, 1H), 6.56 (br s, 1H), 4.81-4.59 (m, 1H), 3.78 (dd, J = 7.6, 12.4 Hz, 1H), 822 
2.74 (dd, J = 4.4, 12.8 Hz, 1H), 1.83-1.73 (m, 1H), 1.21-1.15 (m, 1H). 823 
Methyl 2-[(2'r,4s)-6-bromo-2'-fluoro-1-oxospiro[3H-isoquinoline-4,1'-824 
cyclopropane]-2-yl]acetate: To a solution of (2'r,4s)-6-bromo-2'-fluorospiro[2,3-825 
dihydroisoquinoline-4,1'-cyclopropane]-1-one (200 mg, 0.74 mmol) in DMF (2.0 mL) at 0 826 
°C was added NaH (45 mg, 1.11 mmol, 60% purity in mineral oil). The reaction mixture 827 
was stirred at 20 °C for 0.5 h followed by the addition of methyl 2-bromoacetate (227 828 
mg, 1.48 mmol). The reaction mixture was stirred at 20 °C for 3 h. The reaction mixture 829 
was poured into sat. aq. NH4Cl and ice water mixture (10 mL) and extracted with EtOAc 830 
(3 × 5mL). The combined organic layers were washed with brine (5 mL), dried over 831 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The residue 832 
was purified by silica gel column chromatography. The residue was further purified by 833 
chiral SFC: (Column: Daicel Chiralpak AD (250mm x 30mm, 10 µm particle size); 834 
Mobile Phase: A: CO2, B: 0.1% NH4OH in i-PrOH; Gradient: 38%B isocratic; Flow Rate: 835 
64 g/min; Detection Wavelength: 220 nm; Column Temperature: 40 °C; System Back 836 
Pressure: 100 bar) to provide: 837 
methyl 2-[(2's,4r)-6-bromo-2'-fluoro-1-oxospiro[3H-isoquinoline-4,1'-cyclopropane]-2-838 
yl]acetate (first eluting isomer): LCMS: m/z = 342.0, 344.0 [M+H]+. 1H NMR (400 MHz, 839 



CDCl3): δ 8.02 (d, J = 8.0 Hz, 1H), 7.51 (dd, J = 1.6, 8.4 Hz, 1H), 6.83 (d, J = 1.6 Hz, 840 
1H), 4.73-4.54 (m, 2H), 4.10 (dd, J = 2.0, 12.4 Hz, 1H), 4.00 (d, J = 17.2 Hz, 1H), 3.77 841 
(s, 3H), 3.44 (d, J = 12.4 Hz, 1H), 1.60-1.57 (m, 1H), 1.44-1.33 (m, 1H). 842 
methyl 2-[(2's,4r)-6-bromo-2'-fluoro-1-oxospiro[3H-isoquinoline-4,1'-cyclopropane]-2-843 
yl]acetate (second eluting isomer): LCMS: m/z = 342.0, 344.0 [M+H]+. 1H NMR (400 844 
MHz, CDCl3):  δ 8.02 (d, J = 8.0 Hz, 1H), 7.51 (dd, J = 1.6, 8.4 Hz, 1H), 6.83 (d, J = 1.6 845 
Hz, 1H), 4.73-4.54 (m, 2H), 4.10 (dd, J = 2.0, 12.4 Hz, 1H), 4.00 (d, J = 17.2 Hz, 1H), 846 
3.77 (s, 3H), 3.44 (d, J = 12.4 Hz, 1H), 1.60-1.57 (m, 1H), 1.44-1.33 (m, 1H). 847 
Methyl 2-(2'r,4s)-2-fluoro-6'-iodo-1'-oxo-1'H-spiro[cyclopropane-1,4'-isoquinolin]-848 
2'(3'H)-yl)acetate: To a solution of methyl 2-[(2'r,4s)-6-bromo-2'-fluoro-1-oxospiro[3H-849 
isoquinoline-4,1'-cyclopropane]-2-yl]acetate (6.0 g, 11.5 mmol, second eluting isomer) in 850 
toluene (180 mL) were added NaI (10.5 g, 70.1 mmol), N,N'-dimethyl-1,2-851 
diaminocyclohexane (998 mg, 7.01 mmol) and CuI (668 mg, 3.51 mmol). The mixture 852 
was stirred at 130 °C for 72 h. The mixture was poured into a mixture of H2O (200 mL) 853 
and EtOAc (80 mL). The mixture was filtered, and the filtrate was extracted with EtOAc 854 
(2 × 80 mL). The combined organic layers were washed with brine (80 mL), dried over 855 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was 856 
purified by silica gel column chromatography. LCMS: m/z: 389.9 [M+H]+. 1H NMR (400 857 
MHz, CDCl3): δ 7.86 (d, J = 8.4 Hz, 1H), 7.73 (dd, J = 1.6, 8.4 Hz, 1H), 7.04 (d, J = 1.6 858 
Hz, 1H), 4.76-4.47 (m, 1H), 4.09 (dd, J = 2.0, 12.4 Hz, 1H), 3.99 (d, J = 17.2 Hz, 1H), 859 
3.77 (s, 3H), 3.43 (d, J = 12.8 Hz, 1H), 1.62-1.59 (m, 1H), 1.58-1.54 (m, 1H), 1.43-1.32 860 
(m, 1H). 861 
2-(2'r,4s)-2-fluoro-6'-iodo-1'-oxo-1'H-spiro[cyclopropane-1,4'-isoquinolin]-2'(3'H)-862 
yl)acetic acid: To a solution of methyl 2-(2'r,4s)-2-fluoro-6'-iodo-1'-oxo-1'H-863 
spiro[cyclopropane-1,4'-isoquinolin]-2'(3'H)-yl)acetate (6.0 g, 15.4 mmol) in THF (120 864 
mL) and H2O (60 mL) was added LiOH.H2O (2.59 g, 61.67 mmol). The mixture was 865 
stirred for 12 h. The mixture was diluted with H2O (200 mL) and extracted with MTBE 866 
(150 mL). The aqueous phase was separated, and the pH was adjusted to pH = 3~4 by 867 
addition of 3 N HCl. The mixture was extracted with EtOAc (3 × 150 mL). The combined 868 
organic layers were washed with brine (150 mL), dried over anhydrous Na2SO4, filtered 869 
and concentrated under reduced pressure. The crude residue was used directly. LCMS: 870 
m/z: 375.8 [M+H]+. 1H NMR (400 MHz, DMSO-d6): δ 12.78 (s, 1H), 7.77 (d, J = 8.0 Hz, 871 
1H), 7.65 (d, J = 8.0 Hz, 1H), 7.36 (s, 1H), 5.22-4.86 (m, 1H), 4.35 (d, J = 17.2 Hz, 1H), 872 
4.04 (d, J = 17.2 Hz, 1H), 3.87 (d, J = 12.8 Hz, 1H), 3.51 (d, J = 13.2 Hz, 1H), 1.83-1.62 873 
(m, 1H), 1.53-1.38 (m, 1H).  874 
2-[(2'r,4s)-2'-fluoro-6-iodo-1-oxospiro[3H-isoquinoline-4,1'-cyclopropane]-2-yl]-N-875 
(3-hydroxy-3-methylcyclobutyl)acetamide (TN-101): To a mixture of 2-(2'r,4s)-2-876 
fluoro-6'-iodo-1'-oxo-1'H-spiro[cyclopropane-1,4'-isoquinolin]-2'(3'H)-yl)acetic acid (4.1 877 
g, 10.9 mmol) and (1s,3s)-3-amino-1-methylcyclobutanol hydrochloride (1.80 g, 13.1 878 
mmol) in DCM (40 mL) was added DIEA (5.65 g, 43.7 mmol), EDCI (2.51 g, 13.1 mmol) 879 
and HOBt (1.77 g, 13.12 mmol). The mixture was stirred at 30 °C for 12 h. The mixture 880 
was poured into H2O (150 mL) and EtOAc (150 mL). The mixture was filtered, and the 881 
filtrate was separated. The organic layer was washed with aq. sat. NaHCO3, dried over 882 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The above 883 
procedure was repeated 5 times to acquire 18.6 g of crude residue. The combined 884 
residue was triturated with MeCN (150 mL) and dried under reduced pressure. The 885 



residue was then recrystallized: the residue was suspended in EtOAc (400 mL) and 886 
heated to 100 °C with stirring. EtOAc (16 × 100 mL) was added to the solution at 100 °C 887 
in portions until the solid was mostly dissolved. The mixture was filtered, and the filtrate 888 
continued to be stirred at 100 °C. EtOAc (2.5 × 100 mL) was added to the solution at 889 
100 °C in portions until the solid was dissolved. Then n-heptane (12 × 100 mL) was 890 
added to the solution at 100 °C in portions, until the solution was cloudy. The mixture 891 
was cooled to 80 °C for 30 mins and stirred for another 10 mins. The mixture was 892 
cooled to 50 °C for 30 mins and stirred for another 10 mins. The mixture was cooled to 893 
40 °C for 30 mins and stirred for another 10 mins. The mixture was cooled to 20 °C and 894 
stirred for 12 h. The mixture was filtered, and the filter cake was washed with heptane. 895 
The filter cake was dried under reduced pressure.  896 
LCMS: m/z = 459.1 [M+H]+. (99.4 % purity) 897 
Chiral SFC: 99.9 % e.e.  898 
1H NMR: (400MHz, DMSO-d6): δ 8.16 (d, J = 7.2 Hz, 1H), 7.76 (dd, J = 1.2, 8.4 Hz, 1H), 899 
7.64 (d, J = 8.4 Hz, 1H), 7.34 (s, 1H), 5.15-4.86 (m, 2H), 4.29 (d, J = 16.4 Hz, 1H), 3.93-900 
3.80 (m, 2H), 3.80-3.69 (m, 1H), 3.44 (d, J = 13.2 Hz, 1H), 2.21 (dt, J = 4.0, 7.2 Hz, 2H), 901 
1.93 (t, J = 10.0 Hz, 2H), 1.70 (td, J = 7.2, 12.0 Hz, 1H), 1.54-1.38 (m, 1H), 1.21 (s, 3H). 902 
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Polarizing light microscope report: 906 
 907 
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TN-783: N-(5-fluoropyrimidin-2-yl)-2-[(4s)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-921 
dihydroisoquinolin-2-yl]acetamide 922 

 923 

 924 
 925 

6-bromo-4-(trifluoromethyl)-3,4-dihydro-2H-isoquinolin-1-one: Can be prepared 926 
according to the procedures outlined in WO2022/232632. 927 
6-iodo-4-(trifluoromethyl)-3,4-dihydro-2H-isoquinolin-1-one: To a solution of 6-928 
bromo-4-(trifluoromethyl)-3,4-dihydro-2H-isoquinolin-1-one (100 g, 340 mmol) and N,N'-929 
dimethylethane-1,2-diamine (15.0 g, 170 mmol) in 1,4-dioxane (1.0 L) were added NaI 930 
(152.0 g, 1.02 mol) and CuI (64.7 g, 340 mmol). The reaction mixture was stirred at 125 931 
°C for 10 h. The suspension was filtered through a pad of Celite and the filter cake was 932 
washed with EtOAc (2 x 300 mL). The combined filtrates were diluted with H2O (2.0 L) 933 
and extracted with EtOAc (2 x 300 mL). The combined organic layers were washed with 934 
brine, dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. 935 
The residue was triturated with petroleum ether/EtOAc (5:1, 2.0 L) for 1 h. The mixture 936 
was filtered, and the filter cake was concentrated under reduced pressure. 1H NMR 937 
(400 MHz, CDCl3): δ 7.95-7.84 (m, 2H), 7.77 (s, 1H), 6.25 (br s, 1H), 3.95-3.79 (m, 2H), 938 
3.61-3.44 (m, 1H).  939 
tert-butyl 2-[6-iodo-1-oxo-4-(trifluoromethyl)-3,4-dihydroisoquinolin-2-yl]acetate: 940 
To a solution of 6-iodo-4-(trifluoromethyl)-3,4-dihydro-2H-isoquinolin-1-one (200 g, 586 941 
mmol) in THF (1.6 L) at -20 °C was added NaH (60% purity, 28.1 g, 703 mmol). The 942 
mixture was stirred at -20 °C for 5 min. A solution of tert-butyl 2-bromoacetate (137 g, 943 
703 mmol) in THF (400 mL) was added dropwise at -20 °C. The reaction was stirred at 944 
0 °C for 4 h. The reaction mixture was poured in aq. sat. NH4Cl (3.0 L) and extracted 945 
with MTBE (3 x 2.0 L). The combined organic layers were washed with brine, dried over 946 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was 947 
filtered through a silica gel pad using EtOAc as the eluent and concentrated under 948 
reduced pressure. The residue was triturated with petroleum ether/MTBE (4:1, 2.0 L) for 949 
30 min. The mixture was filtered and the filter cake was concentrated under reduced 950 
pressure. 1H NMR (400 MHz, CDCl3): δ 7.93-7.84 (m, 2H), 7.73 (s, 1H), 4.73 (d, J = 951 
17.2 Hz, 1H), 4.15 (ddd, J = 0.8, 4.8, 13.2 Hz, 1H), 3.80-3.67 (m, 2H), 3.58-3.51 (m, 952 
1H), 1.48 (s, 9H).  953 
2-[6-iodo-1-oxo-4-(trifluoromethyl)-3,4-dihydroisoquinolin-2-yl]acetic acid: To a 954 
solution of tert-butyl 2-[6-iodo-1-oxo-4-(trifluoromethyl)-3,4-dihydroisoquinolin-2-955 
yl]acetate (250 g, 550 mmol) in 1,4-dioxane (250 mL) at 0 °C was added HCl/dioxane 956 
(2.25 L, 4M). The reaction mixture was stirred at 45 °C for 5 h. The reaction was 957 
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concentrated under reduced pressure. The residue was triturated with petroleum 958 
ether/MTBE (5:1, 250 mL) for 30 min. The mixture was filtered and the filter cake was 959 
concentrated under reduced pressure. 1H NMR (400 MHz, CDCl3): δ 7.95 (dd, J = 1.6, 960 
8.0 Hz, 1H), 7.90 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 4.44 (d, J = 17.6 Hz, 1H), 4.26-4.10 961 
(m, 1H), 4.07-3.96 (m, 1H), 3.86 (d, J = 13.6 Hz, 1H), 3.56 (s, 2H).  962 
N-(5-fluoropyrimidin-2-yl)-2-[(4s)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-963 
dihydroisoquinolin-2-yl]acetamide (TN-783): To a solution of 2-[6-iodo-1-oxo-4-964 
(trifluoromethyl)-3,4-dihydroisoquinolin-2-yl]acetic acid (120 g, 300 mmol) and 5-965 
fluoropyrimidin-2-amine (68 g, 601 mmol) in MeCN (1.8 L) were added 2-chloro-1-966 
methylpyridinium iodide (92 g, 360 mmol) and pyridine (71.3 g, 902 mmol). The reaction 967 
mixture was stirred at 60 °C for 12 h. The mixture was concentrated under reduced 968 
pressure. The residue was dissolved in DCM and washed with aq. HCl (2 x 1.5 L, 1M). 969 
The combined organic layers were washed with aq. sat. NaHCO3 (2.0 L) and brine, 970 
dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The 971 
residue was triturated with MeCN (4.0 L) for 30 min. The residue was further purified by 972 
chiral SFC column: DAICEL CHIRALCEL OZ 250 × 50 mm I.D. 10μm particle size; 973 
mobile phase: A: CO2, B: EtOH; Gradient:  50% B isocratic elution mode, detection 974 
wavelength: 220 nm; column temperature: 40 °C; system back pressure: 100 bar) to 975 
provide:  976 
N-(5-fluoropyrimidin-2-yl)-2-[(4s)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-977 
dihydroisoquinolin-2-yl]acetamide (TN-783, first eluting isomer): LCMS: m/z = 978 
495.0 [M+H]+. 1H NMR (400 MHz, CDCl3): δ 10.98 (s, 1H), 8.77 (s, 2H), 7.96 (d, J = 8.4 979 
Hz, 1H), 7.91 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 4.89 (br d, J = 16.8 Hz, 1H), 4.30-4.14 980 
(m, 2H), 4.13-4.03 (m, 1H), 3.88 (br d, J = 14.0 Hz, 1H). (99.5 % purity, 99.48% e.e.) 981 
& 982 
N-(5-fluoropyrimidin-2-yl)-2-[(4r)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-983 
dihydroisoquinolin-2-yl]acetamide (Second eluting isomer): LCMS: m/z = 495.0 984 
[M+H]+. 1H NMR (400 MHz, CDCl3): δ 10.98 (s, 1H), 8.77 (s, 2H), 7.96 (d, J = 8.4 Hz, 985 
1H), 7.91 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 4.89 (br d, J = 16.8 Hz, 1H), 4.30-4.14 (m, 986 
2H), 4.13-4.03 (m, 1H), 3.88 (br d, J = 14.0 Hz, 1H). 987 
 988 
N-(5-fluoropyrimidin-2-yl)-2-[(4s)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-dihydroisoquinolin-989 
2-yl]acetamide (TN-783, first eluting isomer, 150 g) was suspended in EtOH (450 mL) 990 
and stirred for 30 min. H2O (3 x 500 mL) was added to the solution in portions for 30 991 
min and the mixture was stirred for an additional 30 min. The mixture was filtered and 992 
the filter cake was washed with H2O (3 x 500 mL) and concentrated under reduced 993 
pressure. The resulting solid was dried in a vacuum drying oven at 50 °C for 12 h to 994 
afford crystalline N-(5-fluoropyrimidin-2-yl)-2-[(4s)-6-iodo-1-oxo-4-(trifluoromethyl)-3,4-995 
dihydroisoquinolin-2-yl]acetamide (TN-783).  996 
LCMS: m/z = 495.0 [M+H]+. (99.5 % purity) 997 
Chiral SFC: 99.48% e.e. 998 
1H NMR: (400 MHz, CDCl3): δ 10.98 (s, 1H), 8.77 (s, 2H), 7.96 (d, J = 8.4 Hz, 1H), 7.91 999 
(s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 4.89 (br d, J = 16.8 Hz, 1H), 4.30-4.14 (m, 2H), 4.13-1000 
4.03 (m, 1H), 3.88 (br d, J = 14.0 Hz, 1H). 1001 
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 1020 
Protein expression and purification 1021 
Full-length human NEK7 (residues 1–302) was cloned into a pET28a vector with an N-1022 
terminal 6×His–SUMO tag and expressed in E. coli BL21(DE3) cells. Cultures were 1023 
grown in LB medium containing 50 µg/mL kanamycin and protein expression induced 1024 
overnight at 15 °C with 0.5 mM IPTG. Cells were harvested and lysed in buffer (50 mM 1025 
Tris-HCl pH 7.5, 500 mM NaCl, 5 mM MgCl₂, 10 mM imidazole, 10% glycerol, 2 mM β-1026 
mercaptoethanol). NEK7 was purified by Ni-affinity chromatography, followed by Ulp1 1027 



protease cleavage of the SUMO tag and a second Ni-affinity step. Final purification was 1028 
performed by size-exclusion chromatography in 20 mM Tris-HCl pH 7.5, 150 mM NaCl, 1029 
and 0.5 mM TCEP. 1030 
Human NLRP3 (residues 136–1034; R137C, K138A, K142A) was cloned into a 1031 
pFastBac1 vector with an N-terminal MBP tag and expressed in Hi-5 insect cells for 48 1032 
h post-infection at 27 °C. Cells were lysed in buffer (50 mM Tris-HCl pH 7.5, 500 mM 1033 
NaCl, 0.5 mM TCEP, 10% glycerol, protease inhibitor cocktail) and clarified lysate 1034 
applied to a Dextrin Sepharose HP column. MBP-tagged protein was eluted with 25 mM 1035 
maltose and further purified by size-exclusion chromatography in 20 mM Tris-HCl pH 1036 
7.5, 150 mM NaCl, 0.5 mM TCEP, and 10% glycerol. 1037 
 1038 
NLRP3/NEK7 cryo-EM structure determination 1039 
The NLRP3–NEK7 complex was assembled by overnight incubation at 4 °C, further 1040 
purified by size-exclusion chromatography, and incubated with 0.3 mM ADP, 5 mM 1041 
MgCl₂, and 50 μM TN-551 prior to vitrification (76). Purified complex (0.45 mg/mL) was 1042 
applied to glow-discharged Quantifoil R1.2/1.3 300 mesh copper grids, blotted for 5 s at 1043 
4 °C and 100% humidity, and plunge-frozen in liquid ethane using a Vitrobot Mark IV 1044 
(76).  1045 
 1046 
High-resolution cryo-EM data were collected on a 300 kV Titan Krios equipped with a 1047 
Gatan K3 direct electron detector in super-resolution counting mode. A total of 5562 1048 
movies were recorded with SerialEM at a physical pixel size of 0.83 Å, a defocus range 1049 
of −1.0 to −2.5 µm, and a total electron dose of ~81 e⁻/Å² fractionated over 50 frames, 1050 
using collection strategies similar to those previously reported for NLRP3–NEK7 1051 
complexes (76). 1052 
 1053 
Movies were motion-corrected and CTF parameters estimated using RELION 3.0 and 1054 
cryoSPARC v3.0.1 (76). Automated particle picking followed by iterative 2D and 3D 1055 
classification yielded 340,724 monomer particles and 194,515 dimer particles, which 1056 
were refined to maps at 2.61 Å and 3.02 Å resolution, respectively (FSC 0.143). Local 1057 
refinements improved density quality, enabling the modeling of additional NEK7 1058 
residues (aa 28–112) not resolved in earlier reconstructions. Atomic models were built 1059 
in Chimera and Coot and refined using CCPEM, consistent with established workflows 1060 
(76).  1061 
 1062 
NLRP3 fluorescence polarization displacement assay 1063 
An assay similar to that developed by Dekker et al. was used to measure compound 1064 
binding to purified NLRP3 via fluorescent tracer displacement (25). Test compounds 1065 
were spotted on a black 384 well plate (Thermo Fisher, 262260) by an Echo acoustic 1066 
dispenser. Purified NLRP3 protein was diluted to 0.0625 µM in fluorescence polarization 1067 
buffer (20 mM HEPES, 130 mM sodium gluconate, 5 mM NaHCO3, 20 mM magnesium 1068 
gluconate, 3 mM potassium gluconate, 100 mM DL-serine (Sigma, AlS4375), 0.005% 1069 
(wt/vol) Tween 20 (Sigma, PI379), 0.05% (wt/vol) PEI (Sigma, 764604) with 100 uM 1070 
ADP (Sigma, A2754). 20 uL of the NLRP3/ADP mix was added to the plate using a 1071 
Multidrop liquid dispenser. A fluorescently labeled MCC950 analogue was dispensed on 1072 
the plate at 0.0625 µM final concentration using TECAN D300e. The plate was 1073 



incubated at room temperature shaking at 500 rpm for 60 minutes. The plate was read 1074 
by Envision plate reader using FITC FP filters. Data was normalized to in-plate controls: 1075 
no-treatment (DMSO) and positive control compound.  1076 
 1077 
THP-1 LPS/nigericin stimulation assay 1078 
THP-1 (ATCC, TIB-202) cells were cultured in RPMI 1640 medium (Gibco, 61870036) 1079 
supplemented with 10% Hyclone FBS (Cytiva, SH3008003) and 1x Pen Strep 1080 
(Gibco,15140122). One day before treatment, cells were plated and differentiated by 1081 
adding 25 ng/mL IFN-γ (PeproTech, 300-02-100UG) to 100,000 cells in 100 uL culture 1082 
medium (RPMI 1640, 10% FBS, 1% pen/strep, 0.05 mM 2-mercaptoethanol) and 1083 
dispensing into a 96 well tissue-culture treated plate. After 24 hours the IFN-γ 1084 
containing media was removed and replaced with 100 uL culture media containing 50 1085 
ng/mL LPS (Invivogen, thrl-3pelps) and incubated for 4 hours. Compounds dissolved in 1086 
DMSO were then spotted using Tecan D300e and left to incubate for 1 hour. 20 uL ATP 1087 
was added to a final concentration of 5 mM and incubated for 1 hour. The supernatant 1088 
was collected and stored at -20 °C until tested.  1089 
 1090 
ELISA plates (Sigma, p6366) were coated with capture antibody (MT175) in PBS at 2 1091 
ug/mL overnight at 4 C. Capture antibody was removed and the plate was washed 4 1092 
times with PBST. The plate was blocked with 25 uL/well blocking buffer (LiCor, 927-1093 
70001) containing 0.1% Tween 20 for 1 hour at room temperature. Following blocking 1094 
the plate was washed 4 times with PBST. 25 uL/well of test sample was added and 1095 
incubated for 2 hours at room temperature. The plate was washed 4 times with PBST 1096 
and then incubated with 15 uL/well mAb7P10-biotin at 0.5 ug/mL in blocking buffer for 1 1097 
hour. The antibody was then removed, and the plate washed 4 times with PBST. 15 1098 
uL/well streptavidin-HRP (1:1000) in blocking buffer was added and incubated for 1 1099 
hour followed by washing the plate 4 times in PBST. HRP substrate was added (25 1100 
uL/well) and incubated 1 minute at room temperature, followed by the addition of 25 1101 
uL/well stop solution. The plate absorbance was read at 450 nm. Data was normalized 1102 
by in-plate untreated (DMSO) and positive control compound treated conditions.  1103 
 1104 
THP-1 palmitate challenge assay 1105 
THP-1 cells were seeded at a density of 7.5 × 104 cells per well onto a poly-D-lysine 1106 
(PDL)-coated 96-well plate (Corning, 354640) and differentiated into macrophage-like 1107 
cells using 100 nM phorbol 12-myristate 13-acetate (PMA; Sigma-Aldrich, P1585) for 24 1108 
hours prior to treatment. After differentiation, the culture medium was replaced with 1109 
serum-free RPMI 1640 medium. Cells were pre-incubated with a 10-point titration of 1110 
NLRP3 inhibitors (0.3 nM–6 µM) for 1 h at 37 °C, with each concentration tested in 1111 
technical duplicates. Following pre-incubation, cells were stimulated overnight at 37 °C 1112 
with palmitate-BSA complex (Cayman Chemical, 29558) at a final concentration of 400 1113 
µM palmitate and 64 µM BSA. Conditioned media were collected and transferred to a 1114 
96-well V-bottom plate (Greiner, 651201), then centrifuged at 300 × g for 5 min. 1115 
Supernatants were transferred to PCR tubes (Thermo Fisher, AB2005), snap-frozen on 1116 
dry ice, and stored at -80 °C until analysis. IL-1β and IL-18 concentrations were 1117 
quantified using the Mesoscale Discovery (MSD) U-PLEX Multiplex Kit (MSD, 1118 
K15067M), following the manufacturer’s instructions. Samples were diluted 1:5 in kit 1119 



diluent prior to analysis. The palmitate challenge assay was performed in three 1120 
independent biological replicates. The concentration of IL-1β or IL-18 detected in the 1121 
medium at each compound concentration was normalized to the value observed with 1122 
DMSO control for data plotting. 1123 
 1124 
The unbound fractions of TN-101 and TN-783 in palmitate-BSA matrix were determined 1125 
by ultracentrifugation approach following the same procedures as used for in vitro 1126 
determinations of plasma and brain binding, which are described in a following section. 1127 
The protein-binding matrix consisted of palmitate–BSA in 150 mM NaCl (5 mM palmitate 1128 
and 0.8 mM BSA; ~6:1 molar ratio) that was diluted to 400 µM palmitate and 64 µM BSA 1129 
with 150 mM NaCl, equilibrated at 37 °C for 10 min, and adjusted to pH 7.4. The IC50 1130 
values of the compounds in the THP-1 palmitate challenge assay were corrected for 1131 
palmitate-BSA binding of the compounds using the following calculation: IC50 for IL-1β 1132 
and IL-18 inhibition × unbound fraction of TN-101 or TN-783. 1133 
 1134 
Human and mouse whole blood assay  1135 
This protocol was adapted from (26) with some modification. Compounds were first 1136 
serially diluted and dispensed into 384-well assay plates using a Tecan D300e liquid 1137 
dispenser using a 9-point, 4-fold serial dilution. Upon receipt of fresh human or mouse 1138 
blood, 190 µL was plated per well, into the plate with the compound dose response. 1139 
After a 1-hour incubation at 37 °C, 10 uL lipopolysaccharide (LPS) (1 ng/mL final 1140 
concentration) was added and incubated for 3.5 hours at 37 °C. 10 uL ATP (final 1141 
concentration 5 mM) was added and incubated for 30 minutes at 37 °C followed by the 1142 
addition of 250 uM menadione. The plates were spun at 2000 x g for 10 minutes at 4 °C 1143 
after which 60 uL of the supernatant was used for detection of IL-1β. IL-1β was detected 1144 
using the V-PLEX Human IL-1β or V-PLEX Mouse IL-1β kits (MSD) according to 1145 
manufacturer’s instructions.   1146 
 1147 
Animals and diets 1148 
All procedures in animals were performed with adherence to ethical regulations and 1149 
protocols approved by the Institutional Animal Care and Use Committee (IACUC) at the 1150 
contract research facility. Male mice on a C57BL/6JGpt background were used for all 1151 
experiments and were obtained from Gempharmatech. Mice were housed under a 1152 
controlled temperature of 20-26°C and a 12-hour light cycle (lights on from 07:00 to 1153 
19:00) with ad libitum access to water and a standard chow (12.7% kcal from fat, 1154 
1010010, Jiangsu Xietong Pharmaceutical Bioengineering Co., Ltd.) or a high fat diet 1155 
(60% kcal from fat, D12492, Research diet). DIO mice were maintained on the high fat 1156 
diet for at least 15 weeks prior to study initiation. Animals were group-housed during the 1157 
acclimation phase and subjected to mock dosing according to the intended route and 1158 
frequency of study treatment, to habituate them to handling and procedures. Following 1159 
acclimation, animals were randomized into treatment groups matched for baseline body 1160 
weight and body composition, and transitioned to individual housing. 1161 
 1162 
Compound preparation for oral gavage dosing 1163 
TN-783 and TN-101 were prepared as a suspension in a 0.2% Tween 80 solution. 1164 
Semaglutide was obtained from Novo Nordisk and formulated in saline. Dosing 1165 



solutions were prepared on the first dosing day then weekly thereafter and were 1166 
maintained at 4°C, on a laboratory rotator, until use. TN-783 and TN-101 suspension 1167 
were remixed on dosing instances and administered via oral gavage and semaglutide 1168 
was administered once daily via subcutaneous injection. Dosing volumes were 1169 
standardized to 5 mL/kg body weight. 1170 
 1171 
Pharmacokinetic studies  1172 
To assess pharmacokinetics (PK), DIO and NC lean mice were dosed with TN-783 (50 1173 
mg/kg, b.i.d.) or TN-101 (1-10 mg/kg, b.i.d.) for 15 days. Blood samples were collected 1174 
at the indicated timepoints after the first daily dose on day 15. Blood from TN-783-dosed 1175 
animals was collected into EDTA-coated tubes supplemented with freshly prepared 1176 
pefabloc (100 nM) at a 1:25 (v:v) ratio to inhibit soluble hydrolase activity. Samples were 1177 
processed for plasma within half an hour of collection by centrifugation at approximately 1178 
4°C, 3200g for 10 minutes, then stored at -60°C or lower until LC-MS/MS analysis.  1179 
 1180 
Plasma and brain bioanalysis 1181 
Plasma and brain concentrations of TN-273 and TN-101 collected in PK and PK/PD 1182 
studies were quantified using liquid chromatography-tandem mass spectrometry (LC-1183 
MS/MS). Brain samples were homogenized with 4 volumes (weight:volume) of 1184 
phosphate buffered saline. Briefly, aliquots of 5-30 µl of calibration standards, quality 1185 
control samples, blank matrix, and study samples were prepared for analysis with the 1186 
addition of 100-600 µl (20x) of acetonitrile containing internal standard and mixing. 1187 
Precipitated contents were collected by centrifuging the samples, and the supernatants 1188 
were removed for injection to the LC-MS/MS. Chromatographic separations were 1189 
completed on an Acquity HSS T3 column (1.8 µm, 2.1 x 50 mm) with reversed phase 1190 
gradient elution with mobile phases of 0.1% formic acid in water and acetonitrile. TN-1191 
273 and TN-101 were monitored with multiple-reaction monitoring with mass transitions 1192 
of m/z 495.0 to 353.9 and m/z 459.1 to 357.9, respectively. Standard curve ranges were 1193 
0.002-6.0 µM for TN-273 and TN-101 in plasma and brain homogenates. 1194 
 1195 
In vitro determination of plasma and brain binding 1196 
The unbound fractions of TN-273 and TN-101 in mouse plasma and brain tissue were 1197 
determined using an ultracentrifugation method. Test compounds were tested at 2 µM in 1198 
mouse plasma containing Pefabloc (as an inhibitor of soluble hydrolases) and 1 µM in 1199 
rat brain homogenate. Following equilibration for at least 10 min at 37°C, unbound 1200 
compound was separated from bound compound by sedimentation of proteins using 1201 
high centrifugal force (360,000 x g) for 2.5 h and quantified by LC-MS/MS. Concurrently, 1202 
compounds were incubated at 37°C for 2.5 h in test matrices to verify the test article 1203 
stability in matrix through the duration of the ultracentifugation procedures.  1204 
 1205 
Body weight and composition 1206 
Body weight and food intake was measured daily. Body composition was assessed by 1207 
MRI (Minispec LF90, Bruker) at baseline and the indicated timepoints. At study 1208 
termination, tissues were harvested and weighed, including white adipose depots 1209 
(inguinal, epididymal, retroperitoneal, mesenteric) and representative muscles 1210 
(gastrocnemius and tibialis anterior). 1211 



 1212 
Indirect calorimetry 1213 
Energy expenditure, food intake, and activity were measured using a Comprehensive 1214 
Lab Animal Monitoring System (CLAMS, Columbus Instrument). Mice were housed in 1215 
the CLAMS chambers for 4 consecutive days, with the first 48 hours used for 1216 
acclimation. Data from the final 48 hours were averaged and presented as 24-hour 1217 
hourly curves. Energy expenditure was calculated per animal and normalized to body 1218 
weight. Respiratory exchange ratio (RER) was determined from volumes of oxygen 1219 
consumption (VO2) and carbon dioxide production (VCO2). 1220 
 1221 
Oral glucose tolerance tests  1222 
For oral glucose tolerance test (OGTT), mice were subjected to daytime fasting from 1223 
10:00 for 6 hours. Glucose solution was administered orally (2 g/kg at a dosing volume 1224 
of 5 ml/kg). Blood glucose was measured at baseline and at 15, 30, 60, and 120 1225 
minutes using a handheld glucometer (OneTouch VerioVue, Johnson & Johnson).  1226 
 1227 
Tissue collection 1228 
For all tissue collection, animals were deeply anesthetized with inhalation of 2-4% 1229 
isoflurane. Following this, whole blood was collected via cardiac puncture into EDTA-1230 
coated tubes and centrifuged at 12,700 rpm for 7 min at 4°C before collecting the top 1231 
plasma layer for analysis. Blood from TN-783-dosed animals was collected into EDTA-1232 
coated tubes supplemented with freshly prepared pefabloc (100 nM) at a 1:25 (v:v) ratio 1233 
to inhibit soluble hydrolase activity. For studies in which hypothalami were collected for 1234 
RNA sequencing or proteomics, mice were perfused with ice-cold PBS. The 1235 
hypothalami were isolated and stored in -80°C until further processing. Inguinal and 1236 
epididymal white adipose tissues from these animals were collected and drop-fixed in 1237 
4% paraformaldehyde and processed for paraffin embedding. For studies in which 1238 
brains were processed for histology, mice were perfused with heparinized PBS (15,000 1239 
IU/L) followed by 10% neutral buffered formalin. Brains were collected, fixed, and 1240 
paraffin-embedded.  1241 
 1242 
Histological assessment of hypothalamic inflammation 1243 
Coronal sections (4 µm) spanning the hypothalamus (bregma −1.4 to −3.0 mm) were 1244 
collected and mounted on glass slides. Immunohistochemistry was performed on a 1245 
Ventana Ultra platform (Roche Diagnostics) following deparaffinization and antigen 1246 
retrieval (pH 8). Primary antibodies included anti-AgRP (R&D Systems AF634-SP), anti-1247 
Iba1 (Abcam ab178846), and anti-GFAP (Agilent/Dako Z0334), with appropriate anti-1248 
rabbit or anti-goat secondary antibodies. Slides were counterstained with DAPI and 1249 
scanned on an Olympus VS200 microscope at 20X magnification with automated image 1250 
stitching. Quantitative analysis focused on the arcuate nucleus (ARC), ventromedial 1251 
hypothalamus (VMH), and dorsomedial hypothalamus (DMH). Regions of interest 1252 
(ROIs) were manually delineated bilaterally, using AgRP immunoreactivity as a 1253 
reference to reliably identify anatomical boundaries and ensure consistency across 1254 
samples. For each animal, three coronal sections encompassing the ARC were 1255 
analyzed (see Supplementary Figure 4 for anatomical reference). Fluorescent images 1256 
were processed in ImageJ (77). Within each ROI, a fixed lower threshold was applied, 1257 



and the number of suprathreshold pixels was measured. Pixel counts were normalized 1258 
to the calibrated ROI area (mm²) to yield positive pixel density. 1259 
 1260 
Bulk RNA sequencing for hypothalamus 1261 
The hypothalamus was dissected from the brain of NC lean mice, vehicle-treated DIO 1262 
mice, and TN-783-treated DIO mice following 29 d treatment with vehicle or TN-783 (n = 1263 
6 per group). To isolate RNA, each hypothalamus tissue sample was placed in a 1.5 mL 1264 
centrifuge tube containing a 3 mm steel bead (Fisher, 50-206-7603). Subsequently, 350 1265 
µL of RLT Plus buffer (Qiagen) supplemented with β-mercaptoethanol was added to the 1266 
tube. Homogenization was performed using a TissueLyser (Qiagen) for two cycles at 25 1267 
Hz for 3 minutes each. Following homogenization, samples were centrifuged at 16,000 1268 
× g for 3 minutes, and the clarified lysates were collected. RNA isolation was then 1269 
carried out according to the manufacturer’s protocol using the RNeasy Plus Micro Kit 1270 
(Qiagen, Cat. No. 74034). Purified RNA was transferred to 1.5 mL DNA LoBind tubes 1271 
(Eppendorf), snap-frozen on dry ice, and stored at −80 °C until further processing for 1272 
RNA sequencing. 1273 
 1274 
For each of the 18 independent biological samples, a sequencing library was prepared 1275 
with the QuantSeq 3' mRNA-seq Library Prep Kit FWD for Illumina (Lexogen A01173). 1276 
The UMI second strand synthesis module was used to introduce unique molecular 1277 
identifiers (UMIs), following the protocol defined by the manufacturer. Briefly, oligo dT 1278 
primers were hybridized to total RNA for reverse transcription, followed by RNA removal 1279 
after first strand synthesis. UMIs were introduced during second strand synthesis and 1280 
cDNA was purified using magnetic beads, followed by 18 cycles of PCR with dual indexes 1281 
and PCR purification. Library quantity and quality were assessed with Qubit™ 1X dsDNA 1282 
HS Assay Kits (Invitrogen Q33231) and Bioanalyzer High Sense DNA chip (Agilent 5067-1283 
4626). Libraries were pooled in equimolar ratios, and the sequencing pool was purified 1284 
with magnetic beads to remove residual adaptor dimers. Sequencing was performed on 1285 
an Illumina NovaSeq X Series 10B flowcell (100 bp single end) by SeqMatic (Fremont, 1286 
CA, USA). 1287 
 1288 
Data was processed using nf-core/rnaseq (v3.14.0) of the nf-core collection of 1289 
workflows (78) , using STAR (v2.7.9a) and salmon (v1.10.1) (79, 80) for alignment of 1290 
reads to the GRCm39 mouse reference genome and quantification of Gencode (M31) 1291 
gene models, respectively. UMIs were extracted from each aligned reads using the 1292 
following regular expression: ^(?P.{6})(?P.{4}).*. The following extra arguments were 1293 
provided to STAR to account for the 3’ tag nature of the library: --alignIntronMax 1294 
1000000 --alignIntronMin 20 --alignMatesGapMax 1000000 --alignSJoverhangMin 8 --1295 
outFilterMismatchNmax 999 --outFilterType BySJout --outFilterMismatchNoverLmax 0.1 1296 
--clip3pAdapterSeq AAAAAAAA. Salmon quantification was performed without length 1297 
correction by specifying the –noLengthCorrection argument. Differential expression 1298 
analysis was performed with the edgeR (v4.6.2) and limma (v 3.64.1) Bioconductor 1299 
packages using R v4.5.1. In brief, count matrices were subset to protein-coding genes, 1300 
and library size factors were calculated with the TMM method. Gene-wise linear models 1301 
with the experimental group as the single covariate were fit with the voomLmFit 1302 
function, setting the sample weights argument to TRUE. Fold changes and p-values for 1303 



the contrasts of interest were obtained with the eBayes function, and false discovery 1304 
rates were calculated according to Benjamini, Hochberg, and Yekutieli. Volcano plots 1305 
were generated with the ggplot2 R package (v3.5.2). Gene set enrichment analyses 1306 
were performed with the fgsea R package (v1.34.0) with gene set collections from the 1307 
msigdbr package (v24.1.0). Normalization of counts per million (cpm) was performed 1308 
with the normLibSizes function from the edgeR R package, using the default TMM 1309 
(trimmed mean of M-values) method by Robinson and Oshlack (2010). 1310 
Principal component analysis revealed that two samples from the DIO_Vehicle group 1311 
clustered away from all other samples. These two outliers exhibited exceptionally high 1312 
expression of genes encoding prolactin and growth hormones, suggesting 1313 
contamination with pituitary gland. Turning on the setting of sample weights 1314 
automatically down-weighted the contribution of these samples. The top 25 genes 1315 
altered in DIO relative to lean controls and rescued by TN-783 treatment were identified 1316 
by overlapping the top 100 genes upregulated in DIO with the top 100 genes 1317 
downregulated by TN-783, and vice versa, with ranking based on p values. Of the 26 1318 
overlapping genes, one with no characterized function was excluded. A heatmap of the 1319 
remaining 25 genes was generated using normalized counts per million (cpm), which 1320 
were first mean-normalized for each gene and then log2-transformed. 1321 
 1322 
Proteomics for hypothalamus 1323 
The hypothalamus was dissected from NC lean mice, vehicle-treated DIO mice, and 1324 
TN-783-treated DIO mice following 14 d treatment with vehicle or TN-783 (n = 5 per 1325 
group). After a single wash in ice-cold PBS, 600 µL ice-cold RIPA buffer containing 1× 1326 
protease inhibitor, 1× phosphatase inhibitor, and 1× PMSF was added to each 1327 
hypothalamic sample. Tissue homogenization was performed using a TissueLyser 1328 
(Qiagen) for two cycles at 25 Hz for 1 min each. Homogenates were centrifuged at 1329 
12,000 × g for 10 min at 4 °C, and the supernatant was collected for downstream 1330 
analysis. Protein concentration was determined using a BCA protein quantification kit. A 1331 
total of 100 µg protein from each sample was subjected to digestion using the S-Trap™ 1332 
micro column according to the manufacturer’s instructions, with the following 1333 
modifications: 10 mM DTT and 30 mM IAA were used as reducing and alkylating 1334 
reagents, respectively, in place of TCEP and MMTS; 50 mM TEAB, 0.2% FA in H₂O, 1335 
and 75% ACN in 0.1% FA were used as elution solutions; and trypsin-digested peptides 1336 
were dried using SpeedVac. 1337 
 1338 
For LC-MS analysis, 200 ng peptides per sample were loaded onto a 25-cm C18 1339 
column and separated using a 60-min gradient on a NanoElute system (mobile phase 1340 
A: 0.1% formic acid in H₂O; mobile phase B: 0.1% formic acid in acetonitrile). The 1341 
separation gradient was as follows: 2–22% B from 0–37 min, 22–37% B from 37–46 1342 
min, 37–60% B from 46–50 min, 60–80% B from 50–52 min, followed by 80% B until the 1343 
end. Eluted peptides were analyzed on a timsTOF Pro2 using DIA mode with the 1344 
following settings: scan range, m/z 100–1700; 1/k₀ range, 0.7–1.35 V·s/cm²; ramp time, 1345 
100 ms; cycle time estimate, 1.38 s; collision energy, 20.00–59.00 eV. 1346 
 1347 
Raw data were processed in DIA-NN. The mouse reference database was downloaded 1348 
from UniProt (https://www.uniprot.org/). Search parameters were as follows: maximum 1349 

https://www.uniprot.org/


missed cleavages, 1; maximum variable modifications, 2; fixed modification, 1350 
carbamidomethylation at Cys; MS1 accuracy, 10 ppm; MS2 accuracy, 20 ppm. 1351 
Differentially expressed protein (DEP) analysis was performed in R using the limma 1352 
package. The top 25 proteins altered in DIO relative to lean controls and rescued by TN-1353 
783 treatment were identified by overlapping the top 100 proteins upregulated in DIO 1354 
with the top 100 proteins downregulated by TN-783, and vice versa, ranked by p values. 1355 
Of the 28 overlapping proteins, the top 25 were further ranked by fold change. A 1356 
heatmap was generated from normalized protein abundance values, which were first 1357 
mean-normalized for each protein and then log2-transformed. 1358 
 1359 
Statistical analysis  1360 
Data are reported as means ± SEM or as indicated in figures. Statistical analysis of data 1361 
was performed in GraphPad Prism version 8 or later. Analysis of data from animal 1362 
studies was performed using t test or one-way analysis of variance (ANOVA) with 1363 
multiple comparison, or two-way ANOVA followed by multiple comparison test for data 1364 
obtained from repeated measures of the same subjects.  1365 
 1366 
 1367 
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