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Despite advances in chemoradiotherapy and hematopoietic stem cell transplantation, the treatment 19 

of acute myeloid leukemia (AML) remains challenging due to significant side effects and poor 20 

prognosis. This study aimed to investigate the role of nuclear factor I-C (NFIC) in AML progression 21 

by evaluating whether NFIC exacerbates AML through the inhibition of SRY-box transcription 22 

factor 1 (SOX1) and activation of autophagy, thereby providing potential insights for clinical 23 

treatment. 24 

NFIC and SOX1 expression levels in AML and normal samples were analyzed using bioinformatics, 25 

ELISA, RT-qPCR, and western blotting, and the interaction between NFIC and SOX1 was assessed 26 

through RNA pull-down and RNA-binding protein immunoprecipitation assays. Moreover, CCK-8 27 

assay, FITC/PI apoptosis detection, immunofluorescence staining, RT-qPCR, and western blotting 28 

were conducted to assess cell viability, apoptosis, and the expression of NFIC, SOX1, Bax, Bcl-2, 29 

LC3-I, LC3-II, p62, and Beclin-1 following gene transfection.  30 

NFIC expression was significantly upregulated in AML samples while SOX1 expression was 31 

downregulated compared to normal controls. High NFIC levels were associated with poor prognosis 32 

in AML patients, and it was found to regulate SOX1 expression in KG-1 and NB4 cells negatively. 33 

Silencing NFIC or overexpressing SOX1 resulted in reduced cell viability and autophagy, and 34 

increased apoptosis in KG-1 and NB4 cells. Importantly, NFIC knockdown did not affect apoptosis 35 

in bone marrow mononuclear cells. The adverse effects of NFIC overexpression were reversed by 36 

SOX1 overexpression, highlighting the interplay between these factors in AML. 37 

This study demonstrates that NFIC promotes AML progression by activating autophagy and 38 

suppressing apoptosis in KG-1 and NB4 cells by inhibiting SOX1, providing a potential basis for 39 

therapeutic strategies targeting NFIC and SOX1 in AML. 40 
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Acute myeloid leukemia (AML) is a hematologic malignancy originating in the bone marrow, 46 

characterized by the uncontrolled proliferation of hematopoietic stem cells, and its incidence and 47 

associated mortality have increased in recent years [1]. AML occurs in individuals across all age 48 

groups, but its prognosis is particularly poor in elderly patients, with an overall 5-year survival rate 49 

of less than 21% [2]. The complex mechanisms are involved in the abnormal proliferation, survival, 50 

and differentiation of AML cells, such as cell apoptosis, autophagy, cell metabolism, DNA 51 

methylation modification, signal transduction, and chromatin remodeling [3]. Current clinical 52 

approaches for AML treatment primarily include chemotherapy, such as cytarabine combined with 53 

erythromycin, molecular targeted therapy, and allogeneic hematopoietic stem cell transplantation 54 

[4]. Despite advancements in molecular targeted therapies in recent years, the prognosis for AML 55 

patients remains unsatisfactory [5]. Furthermore, the high costs, severe toxic side effects of 56 

chemotherapy, and challenges in matching donors for hematopoietic stem cell transplantation 57 

restrict the widespread clinical application of these treatments [6]. Therefore, there is an urgent need 58 

to investigate the mechanisms underlying AML pathogenesis to identify new therapeutic strategies 59 

and improve clinical outcomes. 60 

Autophagy is a unique and highly regulated cellular process in eukaryotic cells. Under conditions 61 

such as nutrient deprivation, growth factor deficiency, hypoxia, or endoplasmic reticulum stress, 62 

cells initiate autophagy by forming autophagosomes, which encapsulate misfolded proteins and 63 

damaged organelles. These autophagosomes then fuse with lysosomes to form autolysosomes, 64 

facilitating the degradation and recycling of cellular components [7, 8]. Under normal physiological 65 

conditions, autophagy is maintained at a low basal level, responding to various stimuli to enhance 66 

cell survival in adverse environments [9]. However, excessive autophagy can cause organelle 67 

damage and even lead to autophagic cell death [10]. In AML, autophagy exhibits dual roles by both 68 

promoting cell survival and inducing cell death [11]. It was reported that Neratinib, an anti-cancer 69 

agent, induced autophagy to inhibit proliferation and enhance apoptosis of AML cells [12]. 70 

Conversely, autophagy-related E1 ligase 7 can upregulate autophagy to prevent apoptosis in AML 71 

cells, leading to chemoresistance against cytarabine [13]. These findings highlight the essential role 72 

of autophagy regulation in AML progression and chemoresistance, emphasizing its potential as a 73 

target for therapeutic intervention. 74 

Nuclear factor I (NFI) family transcription factors consist of four members: NFIA, NFIB, NFIC, 75 
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and NFIX, all of which contain a highly conserved N-terminal DNA-binding domain [14]. Among 76 

these, NFIC, the first identified member of the NFI family, is located on human chromosome 77 

19p13.3 and exerts its physiological effects by specifically regulating downstream gene expression 78 

[15]. While current research predominantly focuses on the role of NFIC in tooth development, 79 

emerging evidence suggests that NFIC also has significant regulatory functions in various cancers 80 

[16]. For instance, the downregulation of NFIC has been shown to promote epithelial-mesenchymal 81 

transition (EMT), proliferation, and migration in esophageal squamous cell carcinoma cells [17]. 82 

Similarly, the knockdown of NFIC enhances the proliferation of lung squamous cell carcinoma cells 83 

by modulating the expression of lncRNA CASC2 [18]. Additionally, NFIC has been reported to 84 

inhibit EMT, invasion, and migration in breast cancer [19]. In the context of AML, NFIC 85 

overexpression has been implicated in promoting disease progression, and its role in regulating 86 

autophagy has also been documented [20, 21]. SRY-box transcription factor 1 (SOX1), a member of 87 

the SOX gene family, contains a highly conserved DNA-binding domain and plays significant roles 88 

in embryonic and postnatal development [22]. Notably, SOX1 has been identified as an inhibitory 89 

factor in various cancers, including breast cancer, esophageal squamous cell carcinoma, cervical 90 

carcinoma, and colorectal carcinoma [23-26]. Despite these findings, the role of SOX1 in AML and 91 

its potential interaction with NFIC have not yet been elucidated. 92 

In this study, we aimed to determine whether NFIC aggravates AML by activating autophagy 93 

through targeting SOX1 to provide novel insights into the molecular mechanisms underlying AML 94 

progression and identify potential targets for its clinical treatment. 95 

 96 

Patients and methods 97 

Bioinformatics analysis. RNA sequencing data were obtained from the Gene Expression Profiling 98 

Interactive Analysis (GEPIA) database (https://gepia.cancer-pku.cn/detail.php) to compare NFIC 99 

expression levels between normal tissues (n=70) and AML tissues (n=173). Kaplan-Meier survival 100 

analysis was performed to assess the prognostic impact of NFIC expression levels, and Spearman 101 

correlation analysis was employed to examine the relationship between NFIC and SOX1 expression 102 

levels. 103 

Patients and clinical specimens. A total of 30 patients (including 16 PML-RARA positive patients, 104 

10 AML1-ETO positive patients, and 4 patients with other karyotypes) were diagnosed with AML 105 
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in our hospital from May 2021 to May 2023 and 10 normal control ones were selected. The 106 

inclusion criteria were: 1) diagnosis of AML based on the NCCN Clinical Practice Guidelines in 107 

Oncology (Version 3.2019) [27], and 2) availability of complete clinical data. The exclusion criteria 108 

were: 1) diagnosis of other types of leukemia, 2) presence of other malignant tumors, and 3) 109 

pregnancy or lactation. Blood samples were collected before treatment using a 21-gauge needle and 110 

BD Vacutainer® tubes and were centrifuged at 3,000 × g for 10 min to isolate sera. Written 111 

informed consent was obtained from all participants, and ethical approval for this study was 112 

obtained from the Ethics Committee of The First Affiliated Hospital, Hengyang Medical School, 113 

University of South China. 114 

ELISA. The levels of NFIC in serum and BMNCs, as well as SOX1 in serum, were determined 115 

using human ELISA kits for NFIC (#MBS7201183) and SOX1 (#MBS006666, MyBioSource, San 116 

Diego, USA), following the manufacturer’s instructions. Briefly, 100 μl serum samples and BMNC 117 

lysates (prepared after ice bath cracking and centrifugation) were first added to wells pre-coated 118 

with corresponding antibodies. Then, NFIC-HRP conjugate (or HRP-conjugated antibody) was 119 

supplemented to each well, and the plates were incubated at 37 °C for 1 h. After washing the plates 120 

five times, substrate solutions A and B were added sequentially to each well and incubated for 15 121 

min at 37 °C. The reaction was terminated with a stop solution, and the optical density (OD) values 122 

at 450 nm were measured using a microplate reader (Molecular Devices Spectra MAX Plus 384, 123 

Molecular Devices, San Jose, USA) to determine NFIC and SOX1 levels. 124 

Cell culture and cell transfection. Human bone marrow mononuclear normal cells (BMMNCs) 125 

and human AML cell lines, including OCI-AML3, KG-1, Kasumi-1, NB4, ME-1, and MOLM-14 126 

cells, purchased from the Chinese Academy of Sciences, were cultured in RPMI 1640 medium 127 

(#11875093, Gibco, Grand Island, USA) supplemented with 10% fetal bovine serum (#A5670701, 128 

Gibco), 100 U/ml penicillin, and 100 µg/ml streptomycin at 37 °C in a humidified atmosphere with 129 

5% CO2. Transfection was performed using Lipofectamine 2000 (#11668500, Thermo Fisher 130 

Scientific, Waltham, USA) according to the manufacturer’s protocol. The following constructs were 131 

synthesized and obtained from Aibosi Life Technology: sh-NC 132 

(5’-TTCTCCGAACGTGTCACGT-3’), sh-NFIC-1 (5’-GATGGACAAGTCACCATTCAA-3’), 133 

sh-NFIC-2 (5’-CCCGGTGAAGAAGACAGAGAT-3’), oe-NC (pcDNA3.1), oe-NFIC 134 

(pcDNA3.1-NFIC, NM_001245002.2, GenBankTM), and oe-SOX1 (pcDNA3.1-SOX1, 135 
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NM_005986.3, GenBankTM). These constructs were transfected into the AML cells and incubated 136 

for 48 h for subsequent experiments. 137 

Cell experiment protocol. To compare the gene and protein expression levels of NFIC between 138 

BMMNCs and AML cell lines, all cells were divided into seven groups: the BMMNC group, 139 

OCI-AML3 group, KG-1 group, Kasumi-1 group, NB4 group, ME-1 group, and MOLM-14 group. 140 

To assess the effects of NFIC downregulation on BMMNCs and AML cells, specifically KG-1 and 141 

NB4 cells, the cells were randomly assigned to three groups: the sh-NC group (negative control), 142 

the sh-NFIC-1 group, and the sh-NFIC-2 group. To determine whether NFIC promotes AML 143 

progression by targeting SOX1, KG-1 and NB4 cells were further divided into four groups: the 144 

oe-NC group (negative control), the oe-NFIC group (NFIC overexpression), the oe-SOX1 group 145 

(SOX1 overexpression), and the oe-NFIC+oe-SOX1 group (co-overexpression of NFIC and SOX1). 146 

All transfections were performed using the corresponding constructs. 147 

Cell viability assay. Cell viability was evaluated using the CCK-8 assay. Following transfection, 148 

KG-1, and NB4 cells were incubated with the CCK-8 reagent (#CA1210, Solarbio, Beijing, China) 149 

at 37 °C, and the optical density (OD) values were measured using a microplate reader at 450 nm to 150 

determine cell viability. 151 

Cell apoptosis assay. The apoptosis rates of BMMNCs, KG-1, and NB4 cells were determined 152 

using the FITC/PI apoptosis detection kit (#556547, BD Biosciences, California, USA). Briefly, 153 

after transfection, the cells were collected and resuspended in 100 µl of 1× binding buffer. 154 

Subsequently, 5 µl of Annexin V-FITC and 5 µl of PI dye were added to the suspension, and the 155 

cells were incubated in the dark for 15 min at room temperature. Following incubation, 400 µl of 1× 156 

binding buffer was added to each sample. Apoptosis rates were then measured using a flow 157 

cytometer (CytoFLEX, Beckman Coulter, Brea, USA). 158 

Immunofluorescence (IF) staining. After transfection, the KG-1 and NB4 cells were fixed with 4% 159 

paraformaldehyde, permeabilized with 0.3% Triton X-100, and blocked with 5% bovine serum 160 

albumin (BSA) to reduce nonspecific binding, and incubated overnight at 4 °C with the primary 161 

antibody against LC3 (1: 500, #AF5402, Affinity, Ohio, USA). The following day, the cells were 162 

incubated with fluorescently labeled secondary antibodies for 30 min at room temperature in the 163 

dark. Then, their nuclei were counterstained with DAPI solution for 15 min, and lastly, the stained 164 

cells were visualized and imaged using a fluorescence microscope (Laite LF50, Laite, Guangzhou, 165 
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China). 166 

RNA pull-down assay. To perform the RNA pull-down assay, the TranscriptAid T7 High Yield 167 

Transcription Kit (#K0441, Thermo Fisher Scientific) was first used to synthesize NFIC-sense and 168 

NFIC-antisense RNAs. After that, the biotin was labeled onto the surface of target RNAs to 169 

generate biotin- labeled RNA probe complexes with the help of the Pierce™ RNA 3’ end 170 

desulfurization biotinylation kit (#20163, Thermo Fisher Scientific). The biotin- labeled RNAs were 171 

bound to streptavidin-agarose beads (#88816, Thermo Fisher Scientific) and subsequently incubated 172 

with protein extracts from KG-1 and NB4 cells. After washing, the RNA-protein complexes were 173 

boiled in sodium dodecyl sulfate (SDS) buffer to release bound proteins, and the extracted proteins 174 

were analyzed using Western blotting. 175 

RNA binding protein immunoprecipitation (RIP) assay. The RIP assay was conducted using the 176 

Magna RIP reagent kit (#17-704, Millipore, Beverly, USA), following the manufacturer’s 177 

instructions. Briefly, KG-1 and NB4 cells were lysed using RIPA buffer containing RNase inhibitors. 178 

The cell lysates were incubated overnight at 4 °C with magnetic beads conjugated to anti-SOX1 179 

(#DF8196, Affinity, Ohio, USA) or anti-IgG (#ab133470, Abcam, Cambridge, UK) antibodies. The 180 

immunoprecipitated complexes were released from the beads using proteinase K for 30 min. Total 181 

RNA was then extracted from the complexes using the TRIzol reagent. The enrichment of NFIC 182 

RNA was quantified using RT-qPCR. 183 

Real-time quantitative PCR (RT-qPCR). Total RNA was extracted from BMMNCs, OCI-AML3, 184 

KG-1, Kasumi-1, NB4, ME-1, and MOLM-14 cells using the TRIzol reagent (#R0016, Beyotime, 185 

Shanghai, China). The extracted RNA was reverse transcribed into cDNA using a reverse 186 

transcription kit (#4366596, Invitrogen, California, USA). RT-qPCR was performed using 2× Taq 187 

PCR Master Mix (#FY16606, Feiyu Bio, Nantong, China) with specific primers (Table 1) on a 188 

QuantStudio 3 RT-qPCR instrument (Thermo Fisher Scientific). The relative expression levels of 189 

NFIC and SOX1 were quantified using the 2−ΔΔCt method. 190 

Western blot. Proteins from BMMNCs, OCI-AML3, KG-1, Kasumi-1, NB4, ME-1, and 191 

MOLM-14 cells were extracted using RIPA lysis buffer and denatured by boiling. The denatured 192 

proteins were separated using SDS-PAGE and transferred onto PVDF membranes. The membranes 193 

were blocked with skim milk and incubated overnight at 4 °C with primary antibodies, including 194 

anti-NFIC (1: 1000, #ab228909), anti-SOX1 (1: 1000, #DF8196), anti-Bax (1: 2000, #AF0120), 195 
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anti-Bcl-2 (1: 2000, #AF6139), anti-p62 (1: 1000, #AF5384), anti-Beclin-1 (1: 1000, #AF5128), 196 

anti-LC3 (1: 1000, #AF5402), and anti-GAPDH (1: 2000, #AF7021). Except for anti-NFIC, which 197 

was purchased from Abcam, all other primary antibodies were bought from Affinity. After 198 

incubation with appropriate HRP-conjugated secondary antibodies, the membranes were treated 199 

with ECL chemiluminescent substrate (#G2161, Servicebio, Wuhan, China). The protein bands 200 

were visualized, and their grayscale intensity was analyzed using ImageJ software (version 201 

1.8.0.112). 202 

Statistical analysis. All experiments were performed independently in triplicate, and the results are 203 

presented as mean±standard deviation. Statistical analysis was conducted using GraphPad Prism 204 

software (version 8.0.2). Differences between groups were evaluated using one-way analysis of 205 

variance (ANOVA), and statistical significance was determined at p < 0.05. 206 

 207 

Results 208 

NFIC is highly expressed in AML patients and AML cell lines . To investigate the expression 209 

level of NFIC in AML, RNA sequencing data were obtained from the GEPIA database. A 210 

comparison between normal tissues (n=70) and AML tissues (n=173) revealed that NFIC expression 211 

was significantly higher in AML tissues than in normal tissues (Figure 1A). To validate these 212 

findings, the NFIC levels in clinical specimens were further examined using ELISA, and the results 213 

confirmed that NFIC levels in the serum of AML patients were significantly elevated compared to 214 

those in healthy controls (Figure 1B). Additionally, NFIC levels were analyzed in AML patients 215 

with different fusion genes. Among the 30 AML patients, 16 had PML-RARα fusion genes, 10 had 216 

AML1-ETO fusion genes, and 4 had other fusion genes. Regardless of the fusion gene type, NFIC 217 

levels in all patient groups were significantly higher than those in healthy controls (Supplementary 218 

Figure S1A). To assess the prognostic value of NFIC, Kaplan-Meier survival analysis was 219 

performed. As shown in Figure 1C and Supplementary Figure S1B, patients with high NFIC 220 

expression exhibited significantly lower progression-free survival and overall survival rates 221 

compared to those with low NFIC expression over a 60-month follow-up period. These findings 222 

suggest that high NFIC expression is associated with a poor prognosis in AML patients. 223 

To further evaluate NFIC expression, its gene and protein levels were compared between AML cell 224 

lines and normal BMMNCs. RT-qPCR and Western blot analyses demonstrated that NFIC gene and 225 
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protein expression were significantly upregulated in AML cell lines, including OCI-AML3, KG-1, 226 

Kasumi-1, NB4, ME-1, and MOLM-14, compared to BMMNCs (Figures 1D, 1E). Notably, among 227 

the AML cell lines tested, NB4 and KG-1 cells exhibited the highest NFIC expression levels. Based 228 

on these observations, NB4 and KG-1 cells were selected for subsequent experiments. Collectively, 229 

these results demonstrate that NFIC is highly expressed in AML patients and cell lines, and its 230 

elevated expression is closely associated with poor prognosis in AML. 231 

Effects of knocking down NFIC on KG-1 and NB4 cells. To verify the successful transfection of 232 

sh-NC, sh-NFIC-1, and sh-NFIC-2 into KG-1 and NB4 cells, the gene and protein expression levels 233 

of NFIC were analyzed. As shown in Figures 2A and 2B, the gene and protein expression levels of 234 

NFIC in the sh-NFIC-1 and sh-NFIC-2 groups were significantly reduced compared to the sh-NC 235 

group, confirming that sh-NC, sh-NFIC-1 and sh-NFIC-2 were successfully transfected into KG-1 236 

and NB4 cells. Given that NFIC expression was elevated in AML, the effects of NFIC knockdown 237 

on cell viability, apoptosis, and autophagy were further investigated in KG-1 and NB4 cells. CCK-8 238 

assay results revealed that the cell viability of KG-1 and NB4 cells in the sh-NFIC-1 and sh-NFIC-2 239 

groups was significantly lower than in the sh-NC group over 72 hours (Figure 2C). Flow cytometry 240 

analysis showed that the apoptosis rates of KG-1 and NB4 cells were significantly higher in the 241 

sh-NFIC-1 and sh-NFIC-2 groups compared to the sh-NC group (Figure 2D). Immunofluorescence 242 

staining for LC3 demonstrated that the fluorescence intensity of LC3-positive areas was notably 243 

weaker in the sh-NFIC-1 and sh-NFIC-2 groups than in the sh-NC group, indicating reduced 244 

autophagy levels (Figure 2F). Furthermore, Western blot analysis revealed significant changes in 245 

the expression of apoptosis and autophagy-related proteins. Specifically, the protein expression 246 

levels of Bax and p62 were significantly upregulated, while the expression levels of Bcl-2, 247 

LC3-II/LC3-I, and Beclin-1 were significantly downregulated in the sh-NFIC-1 and sh-NFIC-2 248 

groups compared to the sh-NC group (Figures 2E, 2G). Moreover, NFIC knockdown did not affect 249 

the apoptosis rate of BMMNCs (Supplementary Figures S2A, S2B). These findings demonstrate 250 

that NFIC knockdown inhibits cell viability and autophagy while promoting apoptosis in KG-1 and 251 

NB4 cells, suggesting that NFIC plays an important role in the survival and autophagic activity of 252 

AML cells. 253 

NFIC targets and inhibits the expression of SOX1. Analysis of clinical specimens demonstrated 254 

that the level of SOX1 in the serum of AML patients was significantly lower than that in the serum 255 
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of healthy controls (Figure 3A). Furthermore, Spearman correlation analysis indicated a negative 256 

correlation between NFIC and SOX1 expression (Figure 3B). To determine whether NFIC directly 257 

targets and regulates SOX1 in AML, RNA pull-down and RNA-binding protein 258 

immunoprecipitation (RIP) assays were performed. As shown in Figures 3C and 3D, the SOX1 259 

protein in KG-1 and NB4 cells was pulled down by the NFIC probe, and the NFIC mRNA was 260 

enriched in the complex immunoprecipitated by the SOX1 antibody. In addition, the gene and 261 

protein expression levels of SOX1 in KG-1 and NB4 cells were significantly higher in the 262 

sh-NFIC-1 and sh-NFIC-2 groups compared to the sh-NC group (Figures 3E, 3F). These results 263 

suggest that NFIC targets and inhibits the expression of SOX1 in AML cells. 264 

Effects of overexpressing NFIC and SOX1 on KG-1 and NB4 cells. To confirm the successful 265 

transfection of oe-NC, oe-NFIC and oe-SOX1 into KG-1 and NB4 cells, the gene and protein 266 

expression levels of SOX1 were first measured. As shown in Figures 4A and 4B, compared to the 267 

oe-NC group, SOX1 gene and protein expression levels were significantly downregulated in the 268 

oe-NFIC group and dramatically upregulated in the oe-SOX1 group. Furthermore, in the oe-NFIC + 269 

oe-SOX1 group, SOX1 expression levels were significantly lower than those in the oe-SOX1 group. 270 

These findings confirm the successful transfection of oe-NC, oe-NFIC, and oe-SOX1 into KG-1 271 

and NB4 cells. 272 

The effects of NFIC and SOX1 overexpression on cell viability, apoptosis, and autophagy in KG-1 273 

and NB4 cells were further investigated. Compared to the oe-NC group, the cell viability of KG-1 274 

and NB4 cells was significantly increased in the oe-NFIC group but substantially decreased in the 275 

oe-SOX1 group (Figure 4C). Conversely, the apoptosis rate was markedly reduced in the oe-NFIC 276 

group but dramatically elevated in the oe-SOX1 group (Figure 4D). Immunofluorescence staining 277 

showed that LC3 fluorescence intensity, reflecting autophagy activity, was significantly enhanced in 278 

the oe-NFIC group but prominently reduced in the oe-SOX1 group compared to the oe-NC group 279 

(Figure 4F). Western blot analysis further corroborated these findings, demonstrating that compared 280 

to the oe-NC group, the protein expression levels of Bax and p62 were significantly reduced in the 281 

oe-NFIC group but notably increased in the oe-SOX1 group. In contrast, the expression levels of 282 

Bcl-2, LC3-II/LC3-I, and Beclin-1 were significantly elevated in the oe-NFIC group but 283 

substantially decreased in the oe-SOX1 group (Figures 4E, 4G). Interestingly, the co-transfection of 284 

oe-NFIC and oe-SOX1 effectively reversed the effects of oe-SOX1 overexpression on cell viability, 285 
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apoptosis, and autophagy in KG-1 and NB4 cells (Figures 4C-4G). Taken together, these results 286 

demonstrate that overexpressing NFIC promotes cell viability and autophagy while inhibiting 287 

apoptosis in KG-1 and NB4 cells, primarily by suppressing SOX1. 288 

 289 

Discussion 290 

AML is a highly heterogeneous hematological malignancy characterized by clonal proliferation 291 

disorders of hematopoietic stem cells and is the most common type of acute leukemia in adults [28]. 292 

Its incidence has been reported to increase with age, with patients over 60 years old accounting for 293 

more than 50% of all AML cases, and the median age of onset being approximately 68 years [29]. 294 

In elderly individuals, the reduced number and impaired function of bone marrow stem cells and 295 

disruptions in the proliferation and differentiation of hematopoietic stem cells contribute to AML 296 

development [30]. Furthermore, the immune function of elderly AML patients is often 297 

compromised, weakening their anti-tumor immune response. This promotes immune escape, 298 

proliferation, and metastasis of AML cells [31]. The excessive proliferation of AML cells further 299 

exacerbates hematopoietic dysfunction. On the one hand, it disrupts the production of essential 300 

blood cells, including red blood cells, white blood cells, and platelets, leading to anemia and a 301 

bleeding tendency. On the other hand, it impairs the immune system, making patients more 302 

susceptible to infections caused by various pathogens [32]. Although chemotherapy and 303 

hematopoietic stem cell transplantation remain the primary treatment strategies for AML, these 304 

therapies are associated with significant side effects and a high recurrence rate [33]. Therefore, 305 

investigating the molecular mechanisms underlying AML progression is essential to identify novel 306 

targets for more effective and safer clinical treatments. In this present study, the relative 307 

mechanisms of AML were investigated to provide a novel insight into its clinical treatment. 308 

Over the past decade, there has been increasing research on the role of NFIC in cancer; however, its 309 

effects vary among different cancer types. For instance, NFIC expression was reported to be 310 

markedly upregulated in gastric cancer (GC), where its overexpression further promoted GC 311 

progression [34, 35]. In contrast, previous studies have demonstrated that NFIC activation inhibits 312 

the proliferation, migration, and invasion of other cancers, such as bladder cancer and breast cancer 313 

[36, 37]. More importantly, a previous study identified NFIC as a potential target that is a lso 314 

significantly overexpressed in AML [21]. Consistent with these findings, our study confirmed 315 
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through bioinformatics analysis, clinical specimens, and  in vitro cellular experiments that NFIC is 316 

prominently overexpressed in AML. Moreover, our results demonstrated that NFIC overexpression 317 

is associated with a lower survival rate in AML patients. In recent years, studies have highlighted 318 

the protective role of autophagy and apoptosis in AML progression [38]. Therefore, in this study, we 319 

investigated the effects and underlying mechanisms of NFIC on AML by regulating autophagy and 320 

apoptosis. To evaluate apoptosis and autophagy in KG-1 and NB4 cells, we analyzed the expression 321 

of key proteins: Bax and Bcl-2 (apoptosis markers), LC3-I and LC3-II (autophagy markers, 322 

reflecting LC3-I lipidation), p62 (an autophagy substrate recognition protein), and Beclin-1 (a core 323 

autophagy regulator). Our results showed that NFIC knockdown reduced cell viability and 324 

autophagy while increasing apoptosis in KG-1 and NB4 cells. Importantly, NFIC knockdown did 325 

not affect apoptosis in BMMNCs, suggesting that NFIC knockdown may alleviate AML 326 

progression without harming normal bone marrow mononuclear cells. One previous study reported 327 

that abnormally elevated NFIC in neural tube defect (NTD) mice suppressed autophagy and 328 

promoted apoptosis by activating miR-200 [20]. We speculated the differences between the effects 329 

of NFIC on autophagy and apoptosis observed in our study and those in the previous NTD study 330 

could be due to the distinct biological systems and cell types involved, as NTDs primarily involve 331 

injuries to neural stem cells in the central nervous system, whereas AML is characterized by the 332 

generation of abnormal leukemia cells in the peripheral circulatory system. 333 

SOX1 is expressed in various malignant tumors and is closely associated with tumor occurrence, 334 

progression, and prognosis. Low SOX1 expression has been reported in breast cancer, where its 335 

upregulation significantly inhibited tumor cell migration and invasion [24]. In esophageal squamous 336 

cell carcinoma (ESCC), high SOX1 expression was identified as a potential therapeutic target, and 337 

its regulation was shown to improve prognosis [39]. Additionally, SOX1 overexpression inhibited 338 

proliferation, invasion, and metastasis, while promoting apoptosis in hepatocellular carcinoma by 339 

regulating the Wnt/β- catenin pathway [40]. However, the role of SOX1 in AML and its relationship 340 

with NFIC remains unclear. In this study, we further investigated the relationship between NFIC 341 

and SOX1, as well as the effects of SOX1 on AML cells. Analysis of clinical specimens revealed 342 

that SOX1 expression was significantly downregulated in AML, consistent with previous findings. 343 

Interestingly, results from our bioinformatics analysis, molecular interaction experiments (RNA 344 

pull-down and RIP assays), and in vitro cellular experiments demonstrated that NFIC targets and 345 
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negatively regulates SOX1 in KG-1 and NB4 cells. To determine whether NFIC regulates 346 

autophagy and apoptosis through SOX1 inhibition, we investigated the effects of overexpressing 347 

NFIC, SOX1, and NFIC combined with SOX1 in KG-1 and NB4 cells. Our findings showed that 348 

NFIC overexpression increased cell viability and autophagy while reducing apoptosis in KG-1 and 349 

NB4 cells. Importantly, these effects were effectively reversed by SOX1 overexpression, which 350 

aligns with a previous study showing that SOX1 downregulation promotes autophagy and reduces 351 

apoptosis, enhancing drug resistance in non-small cell lung cancer [41]. The results of this study 352 

suggest that NFIC targets and negatively regulates SOX1, while SOX1 overexpression suppresses 353 

AML progression in KG-1 and NB4 cells by inhibiting autophagy. 354 

Despite the interesting findings reported, some limitations need to be addressed. First, although our 355 

findings were derived from clinical specimens and in vitro cellular experiments, validation through 356 

in vivo animal experiments was not performed. Second, autophagy was evaluated by measuring the 357 

expression of LC3-I, LC3-II, p62, and Beclin-1, which provides limited evidence. Additional 358 

approaches are required to comprehensively assess autophagy, such as evaluat ing the expression of 359 

other autophagy-related proteins, such as ATG and ULK family proteins, and observing the 360 

formation of autophagosomes using transmission electron microscopy. 361 

In conclusion, this study demonstrated that NFIC promotes autophagy, enhances cell viability, and 362 

inhibits apoptosis in KG-1 and NB4 cells by targeting and suppressing SOX1, supporting the 363 

potential role of NFIC in AML progression and as a potential novel target for the clinical treatment 364 

of AML. 365 
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 492 

Figure Legends 493 

 494 

Figure 1. NFIC is highly expressed in AML patients and AML cell lines. A) Comparison of NFIC 495 

expression levels between AML tissues (n=173) and normal tissues (n=70). B) Comparison of 496 

NFIC levels in serum between AML patients (n=30) and healthy controls (n=10). C) Kaplan-Meier 497 

survival analysis showing the effect of NFIC expression on AML prognosis. D) Comparison of 498 

NFIC gene expression levels between BMMNCs and AML cell lines (n=3). E) Comparison of 499 

NFIC protein expression levels between BMMNCs and AML cell lines (n=3). ***/**/*p < 500 

0.001/0.01/0.05 vs. the first group 501 

 502 

Figure 2. Effects of knocking down NFIC on KG-1 and NB4 cells. A) NFIC gene expression levels 503 

in KG-1 and NB4 cells after transfection with sh-NC, sh-NFIC-1, and sh-NFIC-2 (n=3). B) NFIC 504 

protein expression levels in KG-1 and NB4 cells after transfection with sh-NC, sh-NFIC-1, and 505 

sh-NFIC-2 (n=3). C) Cell viability of KG-1 and NB4 cells after NFIC knockdown (n=3). D) 506 

Apoptosis rates of KG-1 and NB4 cells after NFIC knockdown (n=3). E) Protein expression levels 507 

of Bax and Bcl-2 in KG-1 and NB4 cells after NFIC knockdown (n=3). F) Immunofluorescence (IF) 508 

analysis of LC3 in KG-1 and NB4 cells after NFIC knockdown. G) Protein expression levels of 509 
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LC3-I, LC3-II, p62, and Beclin-1 in KG-1 and NB4 cells after NFIC knockdown (n=3). ***/**p < 510 

0.001/0.01 vs. the sh-NC group 511 

 512 

Figure 3. NFIC targets and inhibits the expression of SOX1. A) Comparison of SOX1 levels in 513 

serum between AML patients (n=30) and healthy controls (n=10). B) Spearman correlation analysis 514 

showing the relationship between NFIC and SOX1 expression levels. C) RNA pull-down assay 515 

results showing the interaction between NFIC and SOX1 in KG-1 and NB4 cells. D) RIP assay 516 

results confirming the interaction between NFIC and SOX1 (n=3). E) SOX1 gene expression levels 517 

in KG-1 and NB4 cells after NFIC knockdown (n=3). F) SOX1 protein expression levels in KG-1 518 

and NB4 cells after NFIC knockdown (n=3). ***p < 0.001 vs. the first group 519 

 520 

Figure 4. Effects of overexpressing NFIC and SOX1 on KG-1 and NB4 cells. A) SOX1 gene 521 

expression levels in KG-1 and NB4 cells after overexpression of NFIC and SOX1 (n=3). B) SOX1 522 

protein expression levels in KG-1 and NB4 cells after overexpression of NFIC and SOX1 (n=3). C) 523 

Cell viability of KG-1 and NB4 cells after overexpression of NFIC and SOX1 (n=3). D) Apoptosis 524 

rates of KG-1 and NB4 cells after overexpression of NFIC and SOX1 (n=3). E) Protein expression 525 

levels of Bax and Bcl-2 in KG-1 and NB4 cells after overexpression of NFIC and SOX1 (n=3). F) 526 

Immunofluorescence (IF) analysis of LC3 in KG-1 and NB4 cells after overexpression of NFIC and 527 

SOX1. G) Protein expression levels of LC3-I, LC3-II, p62, and Beclin-1 in KG-1 and NB4 cells 528 

after overexpression of NFIC and SOX1 (n=3). ***/**/*p < 0.001/0.01/0.05 vs. the oe-NC group; 529 
###/##/#p < 0.001/0.01/0.05 vs. the oe-NFIC+oe-SOX1 group 530 

 531 
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Table 1. Primer sequences used for RT-qPCR. 532 

Genes Forward (5’-3’) Reverse (5’-3’) 
NFIC CGACTTCCAGGAGAGCTTTG GTTCAGGTCGTATGCCAGGT 
SOX1 GAGATTCATCTCAGGATTGAGATTCTA GGCCTACTGTAATCTTTTCTCCACT 
GAPDH TCCAGAGTGCAAGGCTTCAG ACAGCACGCAGTAGCA 
 533 
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