Functional characterization of Harthup’s disease missense variants in SLC6A19 shows
ma loss of function by disparate mechanisms
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SLC6A19 encodes a sodium-dependent neutral amino acid transporter expressed primarily on the brush border of the small intestine
(chaperoned to the cell surface by ACE2) and the proximal tubule of the kidney (chaperoned to the cell surface predominantly by
CLTRN). SLC6A19 has emerged as a novel target for the treatment of chronic kidney disease (CKD) based on analyses of large human
data sets that have identified a link between loss of function variants with improved renal function and protection from CKD?. In particular,
the missense variant D173N has a strong association with decreased serum creatinine in UK Biobank (beta = -0.136, p = 1.27e-24)2.
Rare biallelic loss-of-function leads to a largely benign aminoaciduria known as Hartnup’s disease, with near complete loss of SLC6A19
activity. While previous studies have shown that D173N reduces transporter activity3, the structural mechanism by which D173N and
other Hartnup’s variants confer loss of function remains poorly understood.

D173N reduces SLC6A19 protein levels in cells expressing CLTRN
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Hartnup’s variants reduce protein levels with CLTRN, less so with ACE2
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Figure 3. SLC6A19 variants were co-expressed with chaperones CLTRN or ACE2 in a HEK293 cell model. SLC6A19 was quantified by flow cytometry of fluorescent marker, normalized to
additional co-translated marker. Values shown are normalized to WT within each chaperone group. Most tested Hartnup’s variants significantly reduce total protein levels. These effects were
generally more pronounced with co-expression of CLTRN compared to ACEZ2. Neutral missense variant controls were selected from UK Biobank on the basis of having high allele frequency and
non-significant effect on eGFR, and these had no impact on protein levels compared to WT. (* = variants for which CLTRN and ACEZ2 expression had significantly different total SLC6A19 levels,
p<0.05, BH-corrected t-tests, n = 3, error bars = SE)

Hartnup’s variants have varying impact on trafficking but all lose uptake function
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Figure 1. SLC6A19 was co-expressed with CLTRN in a HEK293 cell model to characterize the impact of D173N. A) D173N significantly reduces total SLC6A19
protein levels compared to wildtype (* = p<0.05, t-test, n = 3, error bars = SE). SLC6A19 was quantified by flow cytometry of fluorescent marker, normalized to
additional co-translated marker. B) D173N reduces cell surface levels of SLC6A19 as visualized by Western blot of biotinylated proteins. Equivalent masses of total
protein loaded for each sample. C) In functional assays measuring the uptake of radiolabeled leucine, D173N shows no measurable uptake over control lines with no

SLC6A19 (**** = different than WT, p<0.0001, ANOVA, n = 4, error bars = SD).
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Figure 2. A) Lentiviral delivery of mCherry-tagged SLC6A719 D173N or WT to a HEK293 cell line already expressing EGFP-tagged WT SLC6A719 and CLTRN
chaperone. B) Flow cytometry histograms showing mCherry and GFP fluorescence intensity in the resulting cell lines.
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Figure 4. A) Cell surface biotinylation was performed for cells expressing selected variants (highlighted in Figure 3) and biotinylated SLC6A19 was visualized on Western Blot. Surface levels
of SLC6A19 were reduced for D173N and P265L, but are closer to WT for G66R despite reduced total levels. Equivalent masses of total protein loaded for each sample. B) In functional
assays measuring the uptake of radiolabeled leucine, selected Hartnup’s variants tested show no measurable uptake over control lines with no SLC6A19. (* = Tukey’s Test for difference from
WT p<0.0001, n=4, error bars = SD)

Conclusions

« SLC6A19 D173N loses function predominantly via reducing protein levels, although residual variant protein also has no measurable uptake of leucine.

« Renal-protective effects in heterozygous D173N carriers are likely due to haploinsufficiency and not a dominant-negative effect.

 The ACEZ2 chaperone sustains higher total SLC6A19 protein levels than CLTRN for all 10 Hartnup’s variants tested but does not improve trafficking to the cell
surface. No Hartnup’s variants tested had measurable uptake over negative control lines with either ACE2 or CLTRN chaperone.

* This deeper understanding of variant mechanisms inspired our pursuit of small molecule inhibitors to elicit similar renal protective effects to the genetic variants.

« MZE782, a small molecule inhibitor of SLC6A19, is currently under Phase 1 investigation as a potential treatment for CKD.

See more about our work on SLC6A19 in Maze’s platform talk:
Sahar Mozaffari, Saturday 8-9am, Keeping it REnAL! Genetic Studies of Renal Disease session
“SLC6A19 loss of function is associated with improved kidney function and metabolic reprogramming of kidney cells”
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