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Highlights:  

• MYT1-KD compromises human b-cell survival but not insulin secretion  

• MYT3-KD compromises human b-cell insulin secretion but not survival  

• MYT3-KD compromises human b-cell viability in obesity  

• MYT1 and MYT3 regulate overlapping but distinct sets of genes  

Short title: MYT-TFs in human b-cell survival and function  
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Abstract 
Islet b-cell dysfunction, loss of identity, and death, together known as b-cell failure, 

lead to reduced inulin output and Type 2 diabetes (T2D). Understanding how b-cells avoid 

this failure holds the key to preventing or delaying the development of this disease. Here, 

we examine the roles of two members of the Myelin transcription factor family (including 

MYT1, 2, and 3) in human b-cells. We have reported that these factors together prevent 

b-cell failure by repressing the overactivation of stress response genes in mice and 

human b-cell lines. Single-nucleotide polymorphisms in MYT2 and MYT3 are associated 

with human T2D. These findings led us to examine the roles of these factors individually 

in primary human b-cells. By knocking down MYT1 or MYT3 separately in primary human 

donor islets, we show here that these TFs have distinct functions. Under normal 

physiological conditions, high MYT1 expression is required for b-cell survival, while high 

MYT3 expression is needed for glucose-stimulated insulin secretion. Under obesity-

induced metabolic stress, MYT3 is also necessary for b-cell survival. Accordingly, these 

TFs regulate different genes, with MYT1-KD de-regulating several in protein translation 

and Ca2+ binding, while MYT3-KD de-regulating genes involved in mitochondria, ER, etc. 

These findings highlight not only the family member-specific functions of each TF but also 

the multilayered protective function of these factors in human b-cell survival under 

different levels of metabolic stress.    

  

Introduction 
Type 2 diabetes (T2D) develops when endocrine islet b-cells cannot secrete 

enough insulin for whole-body glucose homeostasis. b-cell failure (including dysfunction, 

loss of identity, and/or cell death) is a significant cause of this defect (1). However, how 

b-cell failure is induced remains incompletely understood.  

 

A major inducer of b-cell failure is obesity, which can induce insulin resistance in 

the fat, the liver, and skeletal muscle. These primary tissues take up circulating glucose 

under insulin stimulation (2-6). To compensate, b-cells increase insulin output in response 

to the high glucose and free fatty acid levels in circulation. However, sustained high insulin 
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output can exhaust the b-cells due to the stressor-producing nature of insulin secretion 

(4,7). Specifically, high levels of glucose metabolism will promote insulin biosynthesis, co-

producing unfolded proinsulin in the endoplasmic reticulum (ER), that when reaching high 

levels induce ER stress and dysfunction (8). In addition, high glucose and free fatty acid 

metabolism in b-cells produce reactive oxygen species (ROS) and/or toxic lipid 

metabolites (9). These products, at high levels, cause oxidative stress and mitochondrial 

dysfunction while also exacerbating ER stress. Henceforth, b-cells activate unfolded 

protein response (UPR) and/or oxidative stress response (OSR) to clean up these 

stressor molecules (10-12). If properly controlled, the overall result of these responses is 

proteomic homeostasis and sustainable b-cell function. However, stress responses can 

last too long or be overly activated, compromising the production of essential b-cell 

proteins or inadvertently activating proapoptotic genes (3,13). Thus, both the inactivation 

and overactivation of stress responses contribute to diabetes, underscoring the 

importance of stress response regulation in bcell failure (14). 

 

The myelin transcription factor (MYT TF) family consists of three zinc finger 

proteins that are primarily expressed in neuronal and endocrine cells [Myt TFs, including 

Myt1 (Nzf2), Myt2 (Myt1L, Nzf1), and Myt3 (St18, Nzf387)]. They can serve as both 

transcriptional repressors or activators in a cell type- and context-dependent fashion, 

likely via the association with co-regulators SIN3 or LSD1 (15,16). Underscoring the 

importance of these factors for human health, single-nucleotide polymorphisms and 

deletion mutations in any of the three are associated with human diseases, including 

mental illness, cancer, and diabetes (17-22). In mice, inactivating Myt1 alone in the 

mouse pancreas results in glucose intolerance and b-cell dysfunction without 

compromising b-cell viability and proliferation (23). In contrast, co-inactivating all three 

results in b-cell dysfunction, reduced proliferation, and death, leading to late-onset 

diabetes (24). Mechanistically, these mutant phenotypes appear to be caused by the de-

repression of several stress response effectors, including heat shock proteins and 

activating transcription factors (e.g., Atf4) involved in UPR in the ER, cytoplasm, and 

mitochondria (25-28). More importantly, this mechanism appears conserved in human b-
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cells. In this regard, we found that the protein levels and/or nuclear localization of 

MYT1/MYT3 were regulated by glucose and free fatty acids in human b-cells (24). In 

addition, the reduced MYT TF production correlated with human b-cell dysfunction during 

the development of T2D (24). Lastly, we showed that co-knockdown (KD) of all three 

factors compromised the viability of a human b-cell line while inducing the transcription of 

several stress response genes (24).  

 

The above studies establish the Myt TFs as key regulators against cellular stress-

induced b-cell failure. However, the specific functions of these single factors in human b-

cells remain unknown, especially since the co-KD of these factors leads to cell death, 

preventing more detailed characterization of the mutant cells. This study examines the 

roles of MYT1 and MYT individually in primary human donor islets. We highlight the 

overlapping and distinct functions of these two factors.  
 

Research design and methods  
 
Lentiviral production for gene knockdown 

  Lentiviral production and usage followed the protocol described in (29). Briefly, we 

selected four candidate shRNA sequences for either MYT1 or MYT3 based on our 

successful KD of these genes using a mix of these siRNAs (Huang et al., 2020). These 

shRNA were expressed in individual DNA constructs under the control of a U6 promoter, 

which also drives eGFP with a CMV promoter for successful transfection. To test the 

effectiveness of these shRNAs, a reporter construct was made for each shRNA by 

inserting the target sites of these shRNAs into the 3’ end of mCherry-producing transcripts 

(distal to the coding region), driven by a CMV promoter (Fig. S1A). The shRNA and 

reporter plasmids were then co-transfected into the HEK293 cells. The ratio between 

eGFP and mCherry is then used as a parameter to score the effects of shRNA, which 

was further verified via real-time RT-PCR (Fig. S1B-G). The most effective shRNAs were 

verified in human EndoC-bH3 cells (Fig. S1H, I) and used for lentivirus production.     

 
Pseudo-islets preparation for gene knockdown 
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 Pseudo-islet production followed the published protocol (30). Primary human 

donor islets were procured from IIDP. Upon receiving, a few islets were set aside to check 

the stimulation index (insulin secretion under 16.7 mM glucose over that under 2.8 mM). 

Only islets with a stimulation index higher than 2.5 (artificially set) will be used for 

downstream studies. Briefly, within 24 hours after receiving, islets were washed and 

dissociated into single cells using 0.25% trypsin at room temperature, usually taking <3 

Min. The cells were washed twice with standard CMRL islet media (CMRL1066 with 10% 

heat-inactivated FBS, 1X antibiotics, and 1X L-glutamine). The cells were then 

resuspended in VPM media (50% CMRL1066 + 50% Vasculife Basal Media, 10% heat-

inactivated FBS, 1X antibiotics, 0.5X Glutamax, 2.5 mM HEPES, 0.5X sodium pyruvate 

plus rh VEGF LifeFactor, rh EGF LifeFactor, rh FGF basic LifeFactor, rh IGF-1 LifeFactor, 

Ascorbic Acid LifeFactor, Hydrocortisone Hemisuccinate LifeFactor, Heparin Sulfate 

LifeFactor, Gentamicin/Amphotericin, L-glutamine LifeFactor B, and iCell Endothelial 

Cells Medium Supplement. All these factors are provided in the VEGF complete kit from 

MDsystems). The cells were then counted and diluted to 1,000,000 per ml with VPM. The 

suspension was then aliquoted into each well of a prepared Aggrewells 96-well plate at 

200,000 cells per well. Then 40-50 ng of lentivirus was added and mixed well. The plate 

was centrifuged at 200g for 5 min and left undisturbed in a cell culture incubator for 6 

days. The pseudo-islets were then recovered for downstream studies. For preparing the 

wells, add 100ul/well of anti-adhesive rinsing solution into Aggrewells (96-well late, Nacali 

#4860-900SP), Centrifuge at 1300g for 5min, Room temp, Aspirate the anti-adhesive 

solution. 

 

Immunofluorescence (IF) staining 
 IF staining follows routine methods. Paraffin (TUNEL assays and endocrine 

hormone staining) or frozen (transcription factor staining) sections were used. TUNEL 

assays, using kits from Invitrogen, were used to monitor cell death, following the 

manufacturer’s protocols.   

 

  Antibodies and dilution used were: rabbit anti-Pdx1 (1:5000) and guinea pig anti-

Pdx1 (1:2000) (gifts from Chris Wright, Vanderbilt University School of Medicine); mouse 
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anti-glucagon (1:5000) (Dako); goat anti-somatostatin (1:500) (Millipore); rabbit anti-

somatostatin (1:2000) (Santa Cruz); rabbit anti-PPY (1:500) (Abcam); goat anti-c-peptide 

(1:500) (Santa Cruz); guinea pig anti-insulin (1:1000) (Dako); rabbit anti-Myt1 (1:1000) 

(this lab); rat anti-Myt3 (1:1000) (this lab); rabbit anti-MafA (Novus, RRID: AB_1503594); 

and chicken anti-Nkx6.1 (Developmental Studies Hybridoma Bank, F55A10). All 

secondary antibodies were from Jackson ImmunoResearch, with Cat# available if 

requested.  

 

For imaging, slides were counter-stained with DAPI (when indicated) and imaged 

with laser scanning confocal microscopy (FV1000). Image J was used to quantify the data.  

 

Gene expression assays by qPCR, scRNA-seq, and bulk RNA-seq 
Real-time reverse transcription qPCR followed routine method. For shRNA 

inhibition tests, each well of transfected HEK293 cells was split into two samples; one 

sample was directly used to determine the copy numbers of transfected plasmids to 

normalize transfection efficiency via real-time qPCR. RNA was isolated from the other 

half of the transfected cells using a DNA-free RNATM kit (Zymo Research). Between 100-

200 ng total RNAs were then used for cDNA preparation using a Promega high-capacity 

synthesis kit. Real-time qPCR was performed utilizing the SYBR green master mix of the 

Bio-Rad system. For plasmid DNA determination, oligos 5’-aactttggcattgtggaagg-3’+ 5’-

ggatgcagggatgatgttct-3’ were used. For determining the mCherry transcript level, oligos 

5’-aactttggcattgtggaagg-3’+ 5’-ggatgcagggatgatgttct-3’ were used. The effects of shRNA 

on gene knockdown were estimated by calculating the degree of mCherry mRNA 

reduction, normalized against the copy numbers of the reporter plasmid.  

 

For testing the MYT1 and MYT3 KD efficacy in freshly made pseudo-islets, 

RNA/cDNA prep and PCR followed the steps outlined above. GAPDH was used as a 

loading control. Oligos used were: GAPDH: 5’-ctttggtatcgtggaaggactc-3’ and 5’-

agtagaggcagggatgatgt-3’. For MYT1: 5’-ggccacatcaccgggaacta-3’ and 5’-agtgggcagccatgaggttt-

3’. For MYT3: 5’-ggcatgcagactctgtggct-3’ and 5’-catccacagccagccattcg-3’. 
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For scRNA-seq, dissociated pseudo-islets with ~80-90% single cells and <5% 

dead cells were used for InDrop, strictly following the manufacturer’s protocol. The end 

library was sequenced with Novaseq 6000 (Illumina), targeting 120 million reads. DropEst 

(31) was then used to preprocess scRNA-seq reads and to generate count matrices. Cells 

with low unique mapping reads (<500), low proportion of expressed genes (<100), or high 

proportion of mitochondrial RNAs (>10%) will be excluded (Fig. S3). Reads were 

normalized using UMI-filtered counts. Cell subpopulations were identified and visualized 

by UMAP using Seurat based on the first 30 principal components generated from the top 

2000 highly variable genes (32,33). Differentially expressed genes (DEGs) between 

mutant and control b-cells were identified by Seurat at the criteria of |log2 fold change|> 

0.25 & FDR< 0.05. Database for Annotation, Visualization and Integrated Discovery 

(DAVID) was then used for functional clustering analysis of DEGs (34), with similar 

pathways or processes consolidated and presented (top 10 only). Pathways with p-values 

<0.05 were considered significant. 

 

Bulk RNAseq and analysis follow that outlined in (35) for RNA preparation and 

sequencing. Data analyses used the workflow described in Genialis, which identifies 

about 60,000 transcripts (36). For downstream processing, only genes with detectable 

expression were used (especially for hypergeometric analysis, which needs to know the 

pool of genes from which candidate genes were derived). For this, we considered genes 

with RPKM >0.5 as a cutoff because this ensured at least an average of one RNA 

molecule detected in each cell (37). Pair t-tests were used to identify differentially 

expressed genes (DEGs). Because of the known variability of human donor islet samples, 

we consider p values <0.05, with a difference of 20%, statistically significant to minimize 

rejecting false negatives.  

 

 
Pseudo Islet transplantation and follow-up analysis  
 Pseudo-islets were collected from Aggrewells and recovered in RPMI1640 (11 mM 

glucose, 10% FBS, 1X antibiotics) overnight. They were then separated into ~30 pseudo-

islets/groups and transplanted into the anterior eye chambers (AECs) of NSG-DTR mice 
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following established protocols (38). Some of the transplants were recovered 4 weeks 

after transplantation for characterization. Others were recovered and studied after feeding 

recipient mice for three months with a high-fat diet (HFD), starting 4 weeks after 

transplantation.  

 

Insulin tolerance test 
 Insulin tolerance tests follow standard protocol. Mice were fasted for 4 hours 

(starting around 8 am). Insulin Humalog was then injected at 0.5 Units/kg. Blood glucose 

levels were then read via the tail vein at 0, 15, 30, 45, and 60 min after the injection. 

 

Statistical analysis 
 The students' t-test was used to make pairwise comparisons at single time points 

or paired genotypes. Two-way ANOVA was used to compare multiple groups of data 

points. Hypergeometric analyses were used to assess the level of enrichment between 

lists of genes. A p-value £of 0.05 was considered significant.  

 
Data Accessibility and request for materials 

The RNAseq data will be available in the Gene Expression Omnibus (GEO) 

database. Further requests for resources and reagents should be directed to and will be 

fulfilled by the Lead Contact Guoqiang.gu@vanderbilt.edu (615-936-3634). 

 

 
Results 
 

Establishing effective MYT1 and MYT3 knockdown (KD) in human islet b cells 
We have shown that MYT1, MYT2, and MYT3 are differentially regulated by high 

glucose and free fatty acids in human b-cells, physiological inducers of b-cell failure.  This 

led us to examine the roles of these factors individually. We focused on MYT1 and MYT3 

because these paralogs, but not MYT2, are regulated by high glucose or free fatty acid 

treatment in human donor islets (24). For this goal, we used lentivirus-driven shRNA 
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delivery for gene KD, which could effectively reduce the expression of target genes, as 

we showed before (29).   

 

By comparing the gene knockdown effects of several shRNAs (see Materials and 

Methods), we identified two that can effectively target the MYT1 or MYT3 mRNAs, 

respectively (Fig. S1A-G). Lentiviral delivery (marked with eGFP expression) of these 

shRNAs could efficiently and specifically reduce the MYT1 or MYT3 protein levels 

compared with scrabbled shRNA controls, respectively, in EndoC-bH3 cells (Fig. S1H, I). 

These constructs were therefore used to KD MYT1 or MYT3 in primary human islet cells. 

All studies used A lentiviral construct expressing a scrabbled shRNA and eGFP as a 

control. 

 

Knockdown of MYT3 but not MYT1 impaired human b-cell glucose-stimulated 
insulin secretion (GSIS)  

Primary human islets from four healthy donors were dissociated into single cells, 

infected with shRNA-producing lentivirus, and made into pseudo-islets (Fig. 1A-C). This 

resulted in 70-80% KD of both genes six days after viral infection (Fig. 1D). MYT1-KD did 

not change the GSIS of pseudo-islets compared with controls (Fig. 1E). In contrast, 

MYT3-KD resulted in a significant reduction in GSIS (Fig. 1E). These findings suggest 

that high levels of MYT3 but not MYT1 is required for GSIS in human primary b-cells.  

Note that there was no difference in glucagon secretion in control, MYT1-KD, and MYT3-

KD pseudo-islets (Fig. 1F). We therefore focused on b cells from now on.   

 
Fig. 1. Knock-down of MYT3, but not MYT1, impaired GSIS of primary human b cells.  
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Procured primary human islets, after quality check, were dissociated into single cells, infected with lentivirus 
that drives the expression of control, MYT1(M1)-targeting, or MYT3 (M3)-targeting shRNAs, and made into 
pseudo-islets. They were allowed to recover overnight in fresh media and tested for GSIS. (A-C) 
Representative pseudo-islets, with eGFP as a marker of lentivirus infection. (D) RT-PCR assays showing 
MYT1 or MYT3 KD levels in one pseudo-islet batch. Shown are mean + SEM. *: p<0.02, calculated via t-
test (with two-tailed type two errors). (E, F) Secretion assays of insulin (E) or glucagon (F) in response to 
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G2.8 or G16.7. Each dot represents assays of one batch of pseudo-islets, with 3 or 4 secretion assays. P 
values are from two-way ANOVA. (G-I) Hormone expression assays in newly-produced pseudo-islets. Note 
that image panels from the same field of view were marked with the same capital letter (followed by a 
number to indicate different channels). Scale bars = 20 µm. 

 

Because single Myt1 knockout in mice leads to the production of multi-hormone+ 

cells, we also examined if MYT1- or MYT3-KD induced such defects. We did not observe 

a significant number of cells that co-expressed insulin with glucagon or somatostatin (SST) 

(Fig. 1G-I), nor pancreatic polypeptide (PPY) (Fig. S2). These findings suggest that high 

MYT1 or MYT3 activity is dispensable for preventing the activation of other hormones in 

human b-cells. We next examined cell death in these pseudo-islets. 

 

MYT1-KD but not MYT3-KD induces human b-cell death in pseudo-islets in vitro  

Because co-KD of all three MYT TFs in EndoC-bH1 cells induces cell death (24). 

We examined whether knocking down each induces primary b-cell death. Freshly 

prepared pseudo-islets were stained briefly with DAPI, expecting DAPI to pass through 

the plasma membrane of dead cells to label their nuclei. MYT1-KD but not MYT3-KD 

pseudo-islets contained significant DAPI+ cells (Fig. 2A-C). TUNEL assays confirmed that 

some dead cells expressed insulin (Fig. 2D, E).  

 
 
Fig. 2. Knock-down of MYT1, but not MYT3, caused the death of primary human b 
cells in vitro and in vivo under normal physiology.  
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Freshly made pseudo-islets, with control, MYT1(M1)-KD, or MYT3 (M3)-KD, were stained with DAPI to 
visualize dead cells. They were also examined for cell death with TUNEL assays before or 4 weeks after 
transplantation into the AEC of mice. (A-C) DAPI staining to show the presence of DAPI+ cells without any 
treatment. Note that image panels from the same field of view were marked with the same capital letter 
(followed by a number to indicate different channels). Also note that panels A2 and C2 were purposely 
over-exposed to show the cells. (D-E) TUNEL staining of freshly made pseudo-islets. White arrows pointed 
at two dead cells with Insulin-signals. (F-I) TUNEL assays and quantification of dead b cells 4 weeks after 
pseudo-islets were transplanted into AEC of mice. White arrows pointed at several dead insulin+ cells. In I, 
each dot represents results from one batch of islets, with each batch transplanted into at least three mice. 
P values were from paired t-tests (with data from the same donor pair). 
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Because human b-cell death detected in vitro was sometimes not shown in vivo 

(39), we examined how b cells with MYT1- or MYT3-KD behaved in vivo. Pseudo-islets 

were transplanted into the anterior eye chambers (AECs) of NSG-DTR. The transplants 

were recovered four weeks later for cell death assays (Fig. 2F-H). In all three donor 

samples tested, we found significantly more b-cell death upon MYT1-KD but not upon 

MYT3-KD compared with controls (Fig. 2I). These results suggest that MYT1 but not 

MYT3 is required for human b-cell survival under normal physiological conditions. Note 

that one batch of islets had a very low yield of pseudo-islets and was not tested for cell 

death in vivo.   

 

MYT3-KD renders human b-cells vulnerable to obesity-induced death 

Because we have recently shown that mouse b-cells with Myt-TF deficiency are 

vulnerable to obesity-induced b-cell death, we examined how human b cells with MYT1- 

or MYT3-Kd respond to obesity. Mice transplanted with control, MYT1-KD, or MYT3-KD 

pseudo-islets were fed with HFD for three months, starting 4 weeks after transplantation. 

This induced significant insulin resistance in mice compared with controls (Fig. 3A). The 

transplants were then recovered and assayed for b-cell death. Consistent with the 

requirement of MYT1 for b-cell survival, very few b cells were detected in MYT1-Kd 

samples after three months of HFD challenge (Fig. 3B, C) (making it a challenge for 

quantification). We, therefore, focus on examining the b cells with MYT3-Kd.   

 

Fig. 3. MYT3-KD renders primary human b cells vulnerable to high-fat-diet-induced 
cell death.   
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Four weeks after the operation, mice transplanted with manipulated pseudo-islets were fed with HFD for 
three months. Pseudo-islets were then recovered for characterization. (A) Insulin tolerance test to show the 
HFD-induced insulin resistance in recipient mice. The starting blood glucose of each animal was normalized 
to “1”. The P value is from two-way ANOVA. (B-E) TUNEL-assays of recovered transplants.  Image panels 
from the same field of view were marked with the same capital letter (followed by a number to indicate 
different channels). Inset in C3 showed a DAPI staining in processed sections to visualize all nuclei. In E, 
each dot represents data from one islet batch, which included at least three transplanted mice.  P-is from 
paired t-tests. (F-K) IF showing the hormone co-expression status (between insulin and others) in recovered 
transplants. 

 

Significantly more b-cell death was detected in transplants with MYT3-KD 

compared with controls three months after the HFD challenge (Fig. 3D, E). Under this 

condition, we did not detect significant numbers of insulin-expressing cells activating the 

expression of other hormones, including glucagon, SST, and PPY (Fig. 3F-K). These 

results suggest that, unlike total Myt TF inactivation in mice, MYT3-KD in human b cells 
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did not induce spurious activation of other islet hormones, a feature of b-cell 

transdifferentiation.  

 

These combined findings suggest that MYT1 and MYT3 have overlapping but 

different functions in human b cells. The former is primarily required for protecting cell 

viability, while the latter is for secretory function. Yet, at high-stress levels, both are 

needed for bcell viability. We next examined the gene expression changes induced by 

the KD of these factors.  

 

MYT1 and MYT3 have overlapping but different gene regulatory networks in 
pseudo-islets  

We utilized RNAseq to examine the effect of MYT1 or MYT3 KD on gene 

expression in human islet cells. For this goal, we used the pseudo-islets before their 

transplantation into mice, which we envision to capture the gene expression changes 

before cells experience physiological stress from recipient mice. Both    RNAseq from 

intact pseudo-islets and scRNA-seq from dissociated pseudo-islet cells were performed. 

The former was expected to capture MYT TF-regulated genes in all islet cells, while the 

latter would allow focused studies of b cells.  

 

Bulk RNAseq from four donor islet batches identified 4,065 or 1,518 differentially 

expressed genes (DEGs) between control and MYTY1-KD or MYT3-KD pseudo-islets, 

respectively (Fig. 4A) (Table S1).  Consistent with the similar functions of the two paralogs, 

MYT1-KD and MYT3-KD share 509 DEGs (Table S1), a 4.55 folds enrichment over 

random overlapping among 23,000 genes with detectable expression (at least one mRNA 

in each cell) (Fig. 4B) (p=8.01e-200, hypergeometric analysis). Intriguingly, we found 

several stress response-related genes were dysregulated with either MYT1- or MYT3-KD 

or both conditions (Fig. 4C), consistent with the known roles of MYT TFs in stress 

response. These genes include several activating transcription factor genes (ATF1, ATF7) 

that are involved in stress response (40,41), ATG genes that are involved in autophagy 

(42), and two families of heat shock-proteins (DNAJs and HSPs) (Fig. 4C) (24). Note that 
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consistent with the specificity of shRNA-based gene KD, we only detected significant 

down-regulation of MYT1 or MYT3 when their respective shRNA was used (Fig. 4C).  

 
Fig. 4. Human islet cells with MYT1 or MYT3 KD deregulates overlapping but 
distinct genes.  
 
 

 
 
 
Freshly prepared pseudo-islets were directly used for total RNA prep and sequencing. (A) The numbers of 
genes that were down- or upregulated with M1KD or M3KD in total pseudo-islets. (B) The numbers of 
common and specific genes affected by MYT1 or MYT3 KD. (C, D) Heat maps of a few MYT1- or MYT3-
regulated genes in four pseudo-islet duplicates, focusing on those involved in stress (C) or function (D). In 
sample annotations on the top, C1-C4 refers to the four independent controls. M1-1 to M1-4 are the four 
samples with MYT1-KD. M3-1 to M3-4 are the four samples with MYT3-KD.  (E, F) Pathways deregulated 
in M1KD human pseudo-islets, composed by down- € or up-regulated (F) genes in mutants. (G, H) 
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Pathways deregulated in M3KD human pseudo-islets, composed of down- (G) or up-regulated (H) genes 
in mutants. 

 

We performed a supervised DEG analysis to understand why MYT1 and MYT3 

have different functions in b-cell survival and secretion. This comparison identified several 

DEGs that are associated with cell death and vesicular biosynthesis/secretion (Fig. 4D). 

Notably, BID (43), CASP3 (44), DEDD (45), and PSMD7 (46), all known to regulate cell 

death, were upregulated in MYT1-KD pseudo-islets but down-regulated in MYT3-KD 

samples (Fig. 4D). Along a similar line, the expression of ARL1 (47), GLP1R (48), KIF3B 

(49), NSF (50), RAB8B (51), and SYT11 (52), all known to regulate vesicular production 

or secretion, were also upregulated in the MYT1-KD but not MYT3-KD cells (Fig. 4D).   

 

Next, we examined the up-regulated or down-regulated processes in the MYT1-

KD or MYT3-KD pseudo-islets. The down-regulated pathways in MYT1-KD samples 

include those controlling Cell cycle, Membrane, Kinesin motor, MAP kinase signaling, etc. 

(Fig. 4E), while up-regulated pathways include Mitochondrion, membrane, kinase, carbon 

metabolism, glycolysis, Ca2+ transport, etc. (Fig. 4F). In contrast, MYT3-KD down-

regulated genes mainly regulate Golgi, G proteins, and Ubl conjugation pathway but 

upregulate those involved in Sulfatase-CS, membrane, repressor, cholesterol metabolism, 

etc. (Fig. 4G, H).  

 

ScRNA-seq revealed DEGs upon MYT1- or MYT3-KD specifically in b-cell  
The bulk RNAseq gave us global views of gene expression from pseudo-islets. To 

understand the mechanism used by Myt TFs in regulating human b-cells, scRNA-seq was 

used to examine gene expression with MYT1- or MYT3-KD. High-quality sequencing data 

were obtained from one batch of pseudo-islets, shown by the significant reduction of 

MYT3 transcripts in the MYT3-KD samples (Table S1). All the major islet cell types in 

pseudo-islets (a, b, d, and g) and non-islet cells were identified (Fig. 5A). Notably, there 

was a clear separation of control and MYT3-KD b cells but not between control and MYT1-

KD b cells (Fig. 5B). Corresponding to this observation, we found 687 DEGs between 

control and MYT1-KD samples and 3,284 DEGs between the control and MYT3-KD 

samples (Fig. 5C) (Table S1). The lack of separation between control and MYT1-KD cells 
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and the lower number of DEGs between control and MYT1-KD b cells (compared with 

that between control and MYT3-KD cells) likely resulted from the death of the b cells with 

high levels of MYT1-KD.  

 
Fig. 5. Human MYT1 or MYT3 KD in b-cells deregulate similar but distinct gene 
networks.  
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Freshly prepared pseudo-islets were dissociated and used for InDrop scRNA-seq. (A, B) UMAPs showing 
the separation of cells in pseudo-islets, including all cells (A) or b cells only (B). (C) The numbers of genes 
that were down- or upregulated with M1KD or M3KD. (D) The common and specific gene sets regulated by 
MYT1 or MYT3 are in human b cells. (E, F) Overlap of genes regulated by human MYT1 or MYT3 with that 
regulated by all Myt TFs in mouse b cells, respectively.  (G, H) Pathways deregulated in M1KD human b 
cells either up- (G) or down-regulated in mutants. (I, J) Pathways deregulated in M3KD human pseudo-
islets, composed by up- (I) or down-regulated (J) genes in mutants. 

 

With the b-cell specific gene expression data, we explored whether the MYT TFs 

regulate similar gene networks amongst the different family members and between 

species. We found 502 DEGs were shared between those deregulated by MYT1-KD or 

MYT3-KD, respectively, a 5.1-fold enrichment over random overlap between islet cell-

expressed genes (p=1.61E-278, hypergeometric assays) (Fig. 5D) (Table S1). We also 

examined whether MYT TFs regulate similar sets of genes in human and mouse b cells, 

taking advantage of the MYT-TF-dependent genes in newly born mouse b cells (24). We 

found 142 of the MYT1-KD-affected human genes were altered in Myt TF-KO mouse b 

cells, a 1.7 fold enrichment over random overlap (p=3.50E-10, hypergeometric assays) 

(Fig. 5E) (Table S1).  Similarly, 582 of the MYT3-KD-affected genes were altered in Myt 

TF-KO mouse b cells, a 1.4 fold enrichment over random overlapping (p=1.86E-212, 

hypergeometric assays) (Fig. 5F) (Table S1). These results support the conserved 

functions of Myt TFs in mouse and human cells and the similar-but-divergent functions of 

MYT1 and MYT3 in human b cells. 

 

We last examined the pathways affected by MYT1- or MYT3-KD in b cells. MYT1-

KD upregulated two main processes, cytosolic ribosome and Ubl conjugation (Fig. 5G), 

while down-regulating processes such as ATP binding, cell division, Ca2+ binding, and 

synapse-related processes (Fig. 5H). In contrast, MYT3-KD upregulated processes such 

as mitochondrial membrane, microtubule, ER to Golgi trafficking, SNARE binding, 

glycolysis, ER membrane, K+ channels, etc. MYT3-KD also down-regulates processes 

such as Ubl (ubiquitin) conjugation, protein kinases, overall transcription, microtubule, etc. 

These processes may contribute to b-cell function by mediating stress responses (via, 

e.g., the Ubl-related process), Ca2+ handling (via channel activities), and secretion 

(microtubule mediated transport, Ca2+ influx via channel proteins, etc.). Notably, these b-
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cell specific pathways also differ from those of the entire cell populations from pseudo-

islets, suggesting that the MYT TFs may regulate different processes in different cell types.  

 
Discussion 
 

Genetic predisposition and non-genetic factors work together to induce T2D in 

human subjects. Hundreds of genetic loci have been associated with this disease (53), 

while obesity is shown as the most significant risk factor for this disease. Yet, how these 

factors are integrated to induce T2D remains incompletely understood. Here, we examine 

how two of the three MYT TF gene family members (MYT1 and MYT3) regulate primary 

human b-cell failure, the hallmark of T2D, under normal physiology and obesity-related 

stress. We show that despite their similar biochemical activities and physiological roles in 

cell culture and mouse b cells (24,54-57), these two factors are differentially involved in 

human b-cell secretory function and survival in a stress-dependent manner. These new 

findings and the association between MYT3 SNPs and human T2D highlight the graded 

b-cell protection by these MYT TFs under progressively more severe workloads, i.e., with 

MYT1 needed under all conditions and MYT3 under higher stress levels.  

 

Our recent studies in mice have suggested that the MYT TFs can serve as an 

integrator of genetic and obesity-related factors to prevent mouse b-cell failure (24,27,58). 

The anti-correlation between MYT TF levels and human b-cell function during T2D 

development also supports the importance of the MYT TFs in human b cells. By knocking 

down MYT1 or MYT3 in human islet cells, we showed that MYT1-KD did not impact b-

cell GSIS but led to b-cell apoptosis under normal physiology. In contrast, MYT3-KD 

compromised GSIS but did not impact cell viability under normal physiology. Intriguingly, 

MYT3-KD predisposed human b cells to obesity-induced death as xenotransplants. 

Corresponding to these similar yet different biological functions, we show that MYT1 and 

MYT3 regulate overlapping but distinct sets of genes. These results suggest that despite 

the high degree of similarity between these protein sequences and their similar 

biochemical activities (54,55), they provide complementing biological activities to ensure 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted February 25, 2025. ; https://doi.org/10.1101/2025.02.24.639737doi: bioRxiv preprint 

https://doi.org/10.1101/2025.02.24.639737
http://creativecommons.org/licenses/by-nc/4.0/


 21 

b-cell function under a variety of physiological stresses. These different activities could 

result from the various DNA-binding affinities or different associations with transcriptional 

co-regulators that dictate their downstream functions, topics to be explored in the future 

(15).   

 

Our findings also highlight the species-specific roles of these factors in b cells. 

Unlike in human cells, Myt1 inactivation in mouse islets caused b-cell dysfunction but did 

not affect b-cell survival (23). Similarly, although both MYT3-KD in human b cells and 

Myt3-KO in mouse b cells reduced b-cell GSIS but not cell viability under normal 

physiology (Hu and Gu, in preparation), the MYT3-KD-predisposed human b-cell death 

was not detected in Myt3-KO mouse cells (Hu and Gu, in preparation). In addition, 

although multi-hormone expressing islet cells were observed in Myt1-single and MYT TF-

triple mutant mouse b cells, a property of transdifferentiating cells, they are not induced 

by MYT1- or MYT3-KD. These findings highlight the partially conserved nature of MYT-

TF function in mouse and human b-cells.  

 

There are several issues that we cannot address in these studies. First, we do not 

know whether the KD phenotypes reflect that of complete MYT inactivation. To this end, 

the gene KD setting is more likely to reflect the MYT activity change during T2D 

development (with reduced but not eliminated MYT TF expression) (24). It is unclear if 

such models (with <85% reduction) can reveal the full extent of molecular changes 

underlying b-cell dysfunction or apoptosis. Second, due to the scarcity of human donor 

islets, we have not tested how the co-presence of high glucose and free fatty acids 

impacts the manipulated b cells. Third, for a similar reason as above, we have not tested 

the effect of MYT2-KD in primary human b cells. Thus, it is unclear whether its activity 

may be differentially affected by the lack of MYT1 or MYT3 to contribute to the 

differentially observed phenotypes.  
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