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ABSTRACT 
  Cycloheximide (CHX), a potent translational inhibitor, is widely used in cellular assays 
requiring translational blockade. Due to limited characterization of CHX-exposed cellular 
models, this study investigated the molecular and cellular effects of CHX in human hepatoma 
HepG2 cells. Cells were treated with various CHX concentrations for early (1 and 3 hours) and 
prolonged (18 and 24 hours) periods and evaluated for cellular responses. MTT assays showed 
no significant viability changes during early exposure, whereas prolonged treatment with 25 
and 50 uM CHX reduced viability by approximately 30%. Sustained CHX exposure induced S-
phase cell cycle arrest with minimal apoptosis (approximately 10%). LC-MS/MS analysis 
identified 19,482 differentially expressed proteins (DEPs), while PLS-DA revealed clear 
separation between untreated and CHX-treated HepG2 proteomes across time points. Volcano 
plot analysis identified the five most altered proteins at each time point, representing diverse 
cellular compartments and biological functions. STITCH network analysis further identified 
three interactome clusters associated with CHX responses: calcium-mediated survival 
signaling, xenobiotic detoxification, and ubiquitin-proteasome degradation. This characterized 
CHX-exposed HepG2 model provides a useful methodological reference for bioassays 
requiring translational stress. 
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1. Introduction  
Cycloheximide (CHX), an 

antifungal agent isolated from Streptomyces 
griseus, is widely recognized as a potent 
inhibitor of eukaryotic protein synthesis, 
specifically blocking the translocation step 
during translational elongation [1]. Due to its 
ability to arrest de novo protein production, 
CHX serves as a foundational biochemical 
tool for determining protein half-lives and 
investigating translational control 
mechanisms [1-3]. It is also extensively 
utilized in various cellular assays, such as 
halting ribosomes for genome-wide profiling 
(Ribo-seq) [4] and sensitizing cancer cells to 
tumor necrosis factor receptor 1 (TNFR1)-
induced apoptosis by depleting short-lived 
anti-apoptotic proteins [5]. Despite its 
widespread use as a specific translational 
inhibitor, recent evidence demonstrates that 
CHX does not merely suppress translation; 
rather, it actively triggers ribotoxic and 
endoplasmic reticulum stress, leading to 
complex cytostatic and morphological 
changes [6, 7]. Thus, the underlying 
molecular and cellular responses to CHX 
exposure require further clarification.    

 In hepatic research, the human 
hepatoma HepG2 cell line serves as an in 
vitro model for diverse biochemical studies, 
including oncogenesis and liver cytotoxicity 
[8]. Since its establishment in the 1970s, the 
cell line has been utilized in over 34,000 
biomedical studies [8]. As a protein synthesis 
inhibitor, CHX is utilized to halt de novo 
protein synthesis, allowing researchers to 
measure protein stability [9]. However, CHX 
also induces complex alterations in cell 
survival and death pathways in HepG2 cells. 
While it exhibits a cytoprotective effect 
during serum withdrawal stress [10], CHX 
can sensitize cells to apoptosis when 
combined with death-inducing ligand tumor 
necrosis factor-alpha (TNF-a) [11]. 
Furthermore, prolonged CHX exposure 

causes general cell death rather than simply 
inhibiting translation [12]. Thus, it is 
essential to evaluate both the translation-
inhibitory and the cytotoxic or cytoprotective 
effect in cellular models. Although 
proteome-wide mapping has identified short-
lived proteins (half-life £ 8 hours) in CHX-
treated human osteosarcoma and embryonic 
kidney cells [3], a comprehensive 
characterization of the underlying proteomic 
profiles responsible for CHX-mediated 
molecular and cellular alterations in HepG2 
cells remains to be defined.  

Therefore, this study utilizes high-
throughput liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) coupled 
with chemical-protein interaction network 
analysis to describe the molecular and 
cellular alterations in CHX-treated HepG2 
cells. By linking protein profiles with 
observed phenotypes, our findings provide a 
critical methodological framework and 
biological reference for interpreting protein 
translation assays and cellular stress 
responses in hepatic cell models.  

 
2. Materials and Methods  
2.1 Cell lines, maintenance, and reagents 
 The human hepatocellular carcinoma 
cell line HepG2 was obtained from the 
American Type Culture Collection (ATCC 
HB-8065, Manassas, VA, USA). Cells were 
maintained in complete low-glucose 
Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented with 10% (v/v) heat-
inactivated fetal bovine serum, 1M HEPES, 
and 1%  penicillin/streptomycin (all from 
GibcoBRL, NY, USA), at 37 °C in a 
humidified atmosphere containing 5% CO2. 
CHX was purchased from Sigma-Aldrich 
(Cat no. 01810, St. Louis, MO, USA) and 
prepared as a stock solution at a 
concentration of 1 mM in deionized water.  
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2.2 Cell viability assessment by 3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetra-
zolium bromide assay 
 Cells were seeded into 96-well plates 
at a density of 2 ´ 105 cells/well and cultured 
overnight. Following CHX treatment for the 
indicated time points, 50 µL of 0.5 mg/mL 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) in phosphate 
buffer saline (PBS) was added to each well. 
After a 3-hour incubation, the medium was 
aspirated and the formed formazan crystals 
were dissolved in 150 µL of DMSO/well. 
Absorbance was measured at 570 nm using a 
microplate reader (BioTek Instruments, 
Winooski, VT, USA) [13]. Cell viability 
inhibition was calculated as a percentage 
relative to untreated control cultures. 
 
2.3 Cell cycle and apoptosis analysis by 
flow cytometry 
 Cells were cultured in 6-well plate at a 
density of 5 ´ 105 cells/well overnight. 
Following CHX treatment for the specific 
time points, cells were trypsinized and 
harvested. For cell cycle and apoptosis 
analyses, cells were stained using the Muse® 
Cell Cycle Assay Kit and MUSETM Annexin 
V & Dead Cell kit (Both from Merk 
Millipore Co., Darmstadt, Germany), 
respectively, according to the manufacturer’s 
instructions. Quantitative analysis was 
performed using a MuseTM cell analyzer 
(Merk Millipore Co., Darmstadt, Germany). 
        
2.4 Proteomic and Bioinformatic analysis 
 Cells were seeded in 6-well plates at a 
density of 1 ´ 106 cells/well and cultured 
overnight. At specific time points of CHX 
treatment, the culture medium was removed, 
and the cells were washed once with cold 
PBS. Cells were harvested by scraping in 250 
µL of ice-cold RIPA buffer (Sigma-Aldrich) 
supplemented with 1X protease inhibitor 
cocktail (Roche, Mannheim, Germany), 2 
mM sodium orthovanadate, 10 mM sodium 
fluoride, 2 mM phenylmethysulphonyl 

fluoride, and phosphatase inhibitor cocktail 2 
and 3 (Sigma-Aldrich). Cell lysates were 
immediately collected and stored in -80°C 
until further LC-MS/MS analysis.  
 Shotgun proteomic analysis was 
performed as previously described [14]. 
Briefly, total protein was quantified via the 
Lowry method [15]; subsequently, 50 µg of 
total protein per sample underwent standard 
reduction, alkylation, and in-solution tryptic 
digestion. Peptides were fractionated in 
technical triplicate using an Ultimate 300 
Nano LC System on an Acclaim PepMap 
RSLC C18 column (Thermo Fisher 
Scientific, USA) with a 30-min linear 
gradient (5-55% acetonitrile). Mass 
spectrometry was performed on a ZenoTOF 
7600 (SCIEX, USA) in positive ion, top 50 
data-independent acquisition (DIA) mode 
with the Zeno trap enabled. Label-free 
quantification was executed in Max-Quant 
(v2.5.0.0) (Max-Planck Institute for 
Biochemistry) using the Andromeda engine 
against UniProt Homo sapiens database 
(downloaded on 28 March 2025) [16] and 
contaminant database (trypsin digestion, £ 2 
missed cleavages, 0.6 Da tolerance, fixed 
cysteine carbamidomethylation, variable 
methionine oxidation/N-terminal acetylation 
with £ 5 modifications, 1% FDR). Targeted 
identification matched data against a custom 
peptide database. Downstream filtering, log2-
transformation, zero-imputation, and 
unpaired t-tests were performed in Perseus 
(v1.6.6.0) [16], excluding non-UPS1 
proteins. Intensity values of the MS/MS 
spectra were analyzed using partial least 
squares-discriminant analysis (PLS-DA) 
model (FDR < 0.05) and Volcano plot 
analysis using web-based tool 
MetaboAnalyst version 6.0 
(metaboanalyst.ca/) [17]. Molecular function 
and subcellular distribution of identified 
proteins were obtained from UniProt 
database (uniprot.org/). A chemical-protein 
interaction network was constructed using 
the STITCH 5.0 database (stitch.embl.de/).    
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2.6 Statistical analysis  
  Data were analyzed by a two-way 
ANOVA followed by a Dunnett’s post hoc 
test using GraphPad Prism 9.5.1 (GraphPad 
software, San Diego, CA, USA). Statistical 
significance was defined as P < 0.05. 
 
3. Results and Discussion  
3.1 Cellular responses to CHX treatment  
 Previous studies have used CHX at 
concentrations ranging from 25 to 50 µM to 
block translation and sensitize hepatic cells 
to death-receptor-mediated apoptosis [11, 
18]. To characterize the cellular response and 
map proteomic changes, HepG2 cells in 
serum-free medium were exposed to CHX 
(1, 12.5, 25, 50, and 100 µM) for 1, 3, 18, and 
24 hours, in parallel with untreated controls. 
MTT assay results (Figs. 1A and B) showed 
no significant changes in OD values across 
all tested concentrations at 3 hours but 
revealed a significant decrease by 24 hours 

(P £ 0.001 and P £ 0.0001). These findings 
were consistent with morphological changes 
observed in cultures treated with 50 µM 
CHX at 1, 3, and 18 hours compared with 
untreated cells (Fig. 1C). Notably, after 24 
hours, CHX-treated cultures lost almost all 
cells due to detachment from the surface 
(Data not shown). Although 25-50 µM CHX 
is frequently used to pretreat cells prior to 
inducing cell death [11, 18], our results 
strongly indicated that while 3-hour exposure 
reduced cell viability by less than 10%, a 
prolonged 24-hour treatment significantly 
reduced viability to approximately 30%. 
Additionally, cell cycle and apoptosis 
analyses indicated significant S-phase cell 
cycle arrest (P < 0.0001) and low levels of 
apoptosis (approximately 10%) (P < 0.01) 
after 24 hours of 50 µM CHX treatment. 
These results suggest that CHX exerts a 
cytostatic effect, possibly due to the 
depletion of short-lived proteins involved in 
the cell cycle [3].  

 

 
Fig. 1. CHX treatment decreased HepG2 cell viability. (A) OD values of untreated controls and cultures 
treated with 12.5, 25, 50 and 100 µM CHX. (B) Percent inhibition of cell viability relative to untreated 
controls following CHX-treated cultures (25 and 50 µM) for 3 and 24 hours. (C) Morphological 
alterations in HepG2 cells under light microscopy at 10x magnification following 24-hour exposure to 
50 µM CHX. Data are represented as the mean ± S.E.M from N = 3 (A) and N = 3-4 (B) independent 
experiments, each performed in five technical replicates. ***, P < 0.001, ****, P < 0.0001. Abbreviation: 
CHX, cycloheximide. 
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 However, at the tested doses and time 
points, it is likely that CHX did not directly 
induce apoptosis in HepG2 cells. Rather, 
CHX may deplete anti-apoptotic proteins, 
thereby sensitizing the cells to apoptosis 
induced by death inducers, including the 
death ligand TNF-a  [5, 11, 18]. Collectively, 
our HepG2 model demonstrated that CHX 
concentrations (25 and 50 µM) reduced cell 

viability via cytostasis, possibly without 
directly inducing apoptosis during prolonged 
treatment. Given that CHX affects proteins 
with an 8-hour half-life, as shown in the 
previous study [3], our subsequent proteomic 
analysis was conducted on cultures treated 
with 50 uMCHX at early time points (1 and 
3 hours) and at prolonged time points (18 and 
24 hours).

 
Fig. 2. CHX treatment induced S-phase cell cycle arrest in HepG2 cells, accompanied by low levels of 
apoptosis. (A) Flow cytometric analysis of DNA-stained cells showing cell cycle distribution in untreated 
and 50 µM CHX-treated cultures at 24 hours. (B) Annexin V-7AAD dot plots showing apoptotic cell 
populations in untreated and 50 µM CHX-treated cultures at 24 hours. (C and D) Bar graphs quantifying 
the percentages of cells in each cell cycle phase and apoptotic cell percentage, respectively. Data are 
presented as the mean ± S.E.M. from N=3 (D) and N = 3 (C) independent experiments, with technical 
duplicates.**, P < 0.01 and ****, P < 0.0001. Abbreviation: CHX, cycloheximide. 
 
3.2 Proteomic profiling in response to 
CHX  
 Shotgun proteomics were conducted 
to analyze protein expression profiles in the 
CHX-treated cells at the four time points. A 
total of 19,482 DEPs were identified. PLS-
DA models demonstrated clear clustering 
between the proteome of untreated and CHX-
treated HepG2 cultures across the time points 
(Fig. 3A). To narrow down the dataset and 
prioritize only the highly altered proteins, 
volcano plots indicated significant DEPs for 
each time point, with the top five upregulated 
(log2 FC < - 4.0, P < 0.001) and 

downregulated (log2 FC  > 4.0, P < 0.001) 
proteins detailed in Fig. 3B. Table 1 lists the 
20 most significant DEPs identified via 
volcano plot analysis, comprising 4 
downregulated and 16 upregulated proteins. 
These proteins were primarily located in the 
cell membrane, nucleus, mitochondria, 
endoplasmic reticulum, cytoskeleton, 
cytoplasm, cell projection, and extracellular 
space. Their key cellular and molecular 
functions include cytoskeleton organization, 
DNA replication, transcription, signal 
transduction, protein modification, 
mitochondrial transport, metabolism, cell 
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cycle regulation, apoptosis, reproduction, 
immune activation, and spermatogenesis. 
During early CHX treatment (1 and 3 hours), 
analysis revealed the downregulation of 
SUN domain-containing protein 5 and the 
upregulation of nine DEPs: ATP-binding 
cassette sub-family B member 10, tumor 
necrosis factor ligand superfamily member 
13B, formin-binding protein 4, olfactory 
receptor 2A4, guanylyl cyclase-activating 
protein 3, zinc finger MYND domain-
containing protein 12, carboxypeptidase M, 
actin nucleation-promoting factor WASL, 
and Cytochrome c1. In contrast, the 

prolonged CHX treatment (18 and 24 hours) 
downregulated Schlafen family member 11, 
zinc finger protein 99, and histone H1.4, 
while inducing the expression of 
chromosome transmission fidelity protein 8 
homolog, epoxide hydrolase 1, endogenous 
retrovirus group K member 7 Pol protein, 
protein mono-ADP-ribosyltransferase 
PARP8, gastrokine-1, regucalcin, and 
insulin-like growth factor-binding protein 6. 
The differential expression of these 
candidate proteins suggests their potential 
roles in mediating the early and late cellular 
responses to CHX in HepG2 cells. 

 
Fig. 3. DEPs identified by LC-MS/MS. (A) PLS-DA of 19,482 DEPs distinguishing between untreated 
and CHX-treated proteomes at 1, 3, 18 and 24 hours. (FDR < 0.05) (B) Volcano plots of all quantified 
proteins at each time point (X-axis: log2 fold change; Y-axis: -log10 FDR-adjusted P-value). Blue and red 
dots indicate significantly downregulated (log2 FC < - 4.0, P < 0.001) and upregulated (log2 FC  > 4.0, P 
< 0.001) proteins in the CHX-treated proteome, respectively. The top five DEPs in each time point are 
labeled. Abbreviations: GeLC-MS/MS, Gel-enhanced liquid chromatography-tandem mass 
spectrometry; FDR, False discovery rate; FC, Fold change.  
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3.3 CHX-protein interaction networks by 
STITCH analysis 
 To explore the molecular functions of 
the 20 DEPs of interest identified by volcano 
plot analysis, their interactions with CHX 
were evaluated using the STITCH 5.0 
database. As shown in Fig. 4, 13 out of the 
20 candidate DEPs were included in the 
STITCH model. Out of these 13 proteins, 
seven did not interact with the CHX-protein 
network: zinc finger MYND-type containing 
12 (ZMYND12), olfactory receptor family 2 
subfamily A member 4 (OR2A4), 
gastrokine-1 (GKN1), zinc finger protein 99 
(ZNF99), cytochrome c1(CYC1), 
carboxypeptidase M (CPM), Sad1, and 

UNC84 domain containing 5 (SUN5). In 
contrast, the remaining six candidate DEPs 
interacted with the CHX-protein network. 
These included the four upregulated DEPs: 
insulin-like growth factor binding protein 6 
(IGFBP6), guanylate cyclase activator 1C 
(GUCA1C), regucalcin (RGN), and epoxide 
hydrolase 1 (EPHX1), as well as the two 
downregulated DEPs: Schlafen family 
member 11 (SLFN11) and histone cluster 1 
H1e (HIST1H1E). Notably, GUCA1C was 
upregulated during the early stages of CHX 
treatment, whereas prolonged exposure 
upregulated IGFBP6, RGN, and EPHX1, and 
downregulated SLFN11 and HIST1H1E. 
 

 

 
Fig. 4. Chemical-protein interaction network mapping CHX functional targets. The network details 
functional clusters in CHX-exposed HepG2 cells, comprising xenobiotic metabolism, the ubiquitin-
proteasome (UPS) and calcium signaling pathways, which are highlighted by yellow ellipses. Network 
construction using the STITCH 5.0 database (accessed in June 2026) indicates interactions between CHX 
and six candidate proteins, including the down-regulated SLFN11 and HIST1H1E and the up-regulated 
RGN, GUCA1C, and IGFBP6. Seven other proteins are shown as non-interacting. Abbreviations: 
SLFN11, Schlafen family member 11; HIST1H1E, histone cluster 1; RGN, regucalcin; GUCA1C, 
guanylate cyclase activator 1C; IGFBP6, insulin-like growth factor binding protein 6; EPHX1, epoxide 
hydrolase 1. 
 

This STITCH network analysis 
revealed three distinct interactome clusters 
responsible for CHX-mediated cellular 
changes, reflecting a temporal shift from 

early stress signaling to late-stage cellular 
adaptation. The first cluster is a calcium ion 
hub linking CHX exposure to the 
upregulation of RGN, IGFBP6, and 
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GUCA1C. Calcium is a crucial second 
messenger in the cellular stress response. The 
early upregulation of GUCA1C, an 
intracellular calcium-sensor protein [19], 
indicates an immediate activation of 
calcium-dependent signaling cascades. 
Conversely, the prolonged upregulation of 
the calcium-binding protein RGN and 
IGFBP6 suggests a late-stage compensatory 
mechanism. RGN is crucial for maintaining 
intracellular calcium homeostasis and 
exhibits potent anti-apoptotic properties 
under cellular stress [20, 21]. IGFBP6 is 
known to inhibit cell-cycle progression, 
promoting cytostasis [22, 23]. The 
concurrent upregulation of RGN and 
IGFBP6 strongly supports our flow 
cytometry data, which demonstrated CHX-
induced cell-cycle arrest with minimal 
apoptosis in HepG2 cells during prolonged 
exposure. This suggests that the calcium ion 
hub plays a role in driving survival pathways 
during CHX-mediated severe cellular stress. 
The second cluster involves the interaction 
between CHX, cytochrome P4501A1 
(CYP1A1), and upregulated EPHX1. Both 
are key enzymes in xenobiotic metabolism 
and cellular detoxification [24-26]. These 
findings suggest that HepG2 cells actively 
enhance their defense mechanisms against 
CHX toxicity during the later stages of 
treatment. Finally, the third cluster is 
anchored by Ubiquitin (UBC), which 
interacts with the downregulated SLFN11 
and HIST1H1E during prolonged CHX 
exposure. UBC is encoded by a stress-
inducible polyubiquitin gene that is 
upregulated to maintain ubiquitin 
homeostasis during proteotoxic stress [27, 
28]. Functionally, SLFN11 is a potent, 
negative regulator of translation and DNA 
replication during cellular stress [29], while 
HIST1H1E, a linker histone, maintains 
highly condensed, inactive chromatin [30, 
31].  A link between UBC and the 
downregulation of SLFN11 and HIST1H1E 
suggests that the ubiquitin-proteasome 

system actively targets unwanted or toxic 
proteins, including these two nuclear 
proteins, for degradation. Collectively, these 
dynamic signaling clusters sequentially 
mediated the CHX-induced cellular changes 
in HepG2 cells. Overall, these proteins 
tightly control cell fate (Table 3). While 
SLFN11, EPHX1, and IGFBP6 inhibit the 
cell cycle and trigger apoptosis, GCAP3 and, 
likely, RGN promote cell survival, and 
Histone H1.4 regulates both processes.  
 While this study provides mechanistic 
insights into the cellular response to 
translational inhibition, several 
methodological limitations must be 
acknowledged. First, 2D in vitro models lack 
physiological microenvironments, poten-
tially altering the natural activation 
thresholds of the activation pathways. 
Second, although our dataset captures the 
proteomic landscape of translational arrest, it 
cannot perfectly distinguish whether CHX 
directly induces the modest apoptosis 
(approximately 10%) or only acts as a 
sensitizer. Clarifying this mechanism will 
require targeted evaluations of anti-apoptotic 
protein dynamics. Third, label-free 
quantitative proteomics captures static 
snapshots of net protein abundance. Thus, the 
observed up- or down-regulation reflects a 
comparative analysis relative to baseline 
expression at specific time points, rather than 
absolute measurements of continuous 
intracellular flux. Fourth, the lack of primary 
hepatocytes and altered survival pathways in 
immortalized cell lines may distort the exact 
timing of cellular collapse. Although 
dynamic tracking in 3D or in vivo models 
remains necessary to map real-time protein 
expression, the 2D CHX-exposed HepG2 
model establishes a framework for studying 
cellular stress response to translational arrest. 
Importantly, this data set serves as a 
prolonged cautionary reference, warning that 
CHX exposure induces molecular 
alterations.  
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Table 1. Top five DEPs in CHX-treated HepG2 cells at 1, 3, 18, and 24 hours. 

18 hours of treatment 
1.  Down-regulated Q7Z7L1 Schlafen family member 11  0.090 

 
7.0356E-07 

 
Cell cycle Nucleus 

2. Up-regulated P0CG13 Chromosome transmission 
fidelity protein 8 homolog  

13.354 
 

5.5552E-07 
 

DNA replication Nucleus 

3. Up-regulated P07099 Epoxide hydrolase 1  14.621 
 

5.5552E-07 
 

Metabolism Endoplasmic 
reticulum  

4. Up-regulated P63135 Endogenous retrovirus group 
K member 7 Pol protein 

12.644 
 

5.5552E-07 
 

DNA replication Nucleus 

5. Up-regulated Q8N3A8 Protein mono-ADP-
ribosyltransferase PARP8  

14.314 
 

8.2438E-07 
 

Protein modification Endoplasmic 
reticulum, 

Nucleus, Cell 
membrane 

24 hours of treatment 
1.  Down-regulated A8MXY4 Zinc finger protein 99 0.062 3.7986E-06 

 
Transcription Nucleus 

2. Down-regulated P10412 Histone H1.4  0.069 
 

3.7986E-06 
 

Transcription Nucleus 

3. Up-regulated Q9NS71 Gastrokine-1  16.674 
 

3.7986E-06 
 

Cell cycle Extracellular 
region 

4. Up-regulated Q15493 Regucalcin  15.359 
 

3.7986E-06 
 

Apoptosis Cytoplasm 

5. Up-regulated P24592 Insulin-like growth factor-
binding protein 6  

17.300 
 

3.7986E-06 
 

Signal transduction Extracellular 
region 

Note: Expression status is defined by a log2 fold change threshold of > 4.0 or < -4.0 and an adjusted P value of < 0.001. Accession no. corresponds to UniProtKB 
database identifiers. Annotations for biological function and subcellular distribution were extracted from the Gene Ontology database. 
 
Table 2.   Mass spectrometric characteristics of 20 DEPs in CHX-treated HepG2 cells at 1, 3, 
18, and 24 hours. 

No. Accession 
no. Peptide sequence Protein N: Q-value N: 

Peptides 

N: sequence 
coverage 

[%] 

MH+ 
(Da) 

1 hour of treatment 
1.  Q8TC36 CKLLCQK SUN domain-containing protein 5  0.9797 8 27.2 12017.80 
2. Q9NRK6 AFGKEMTEIEK ATP-binding cassette sub-family B member 

10 
1.0024 31 37.7 43336.40 

3. Q9Y275 AELQGHHAEK Tumor necrosis factor ligand superfamily 
member 13B  

1.0120 7 24.2 8936.27 

4. Q8N3X1 EEEERWRR Formin-binding protein 4 (Formin-binding 
protein 30) 

1.0145 20 16.7 23351.50 

5. O95047 EFLLLGFPVGPR Olfactory receptor 2A4  1.0400 6 17.7 6476.64 
3 hours of treatment 
1.  O95843 AGLGKVK Guanylyl cyclase-activating protein 3  1.0175 5 26.3 5909.63 
2. Q9H0C1 HEDAVPAALQSLR Zinc finger MYND domain-containing protein 

12 
1.0635 8 24.9 13641.80 

3. P14384 DPEITNLINSTR Carboxypeptidase M  1.0135 12 21.9 15972.70 
4. O00401 AALLDQIREGAQLKK Actin nucleation-promoting factor WASL  1.0436 16 26.7 22125.50 
5. P08574 GAGLPGARAR Cytochrome c1 1.0387 7 17.2 8826.30 
18 hours of treatment 

No. Expression status Accession no. Protein Fold 
change 

Adjusted 
P value 

Biological 
function 

Subcellular 
distribution 

1 hour of treatment 
1.  Down-regulated Q8TC36 SUN domain-containing protein 

5  
0.0512 

 
1.7336E-06 

 
Spermatogenesis Nucleus 

2. Down-regulated Q9NRK6 ATP-binding cassette sub-family 
B member 10 

0.0522 
 

1.5656E-05 
 

Mitochondrial 
transport 

Mitochondria 

3. Up-regulated Q9Y275 Tumor necrosis factor ligand 
superfamily member 13B  

12.022 
 

7.9881E-07 
 

Immune system 
activation 

Cell membrane 

4. Up-regulated Q8N3X1 Formin-binding protein 4 
(Formin-binding protein 30) 

18.521 
 

7.9881E-07 
 

NA NA 

5. Up-regulated O95047 Olfactory receptor 2A4  19.903 
 

1.7336E-06 
 

Cytoskeleton/struct
ure 

Cell membrane 

3 hours of treatment 
1.  Up-regulated O95843 Guanylyl cyclase-activating 

protein 3  
19.870 

 
1.5998E-08 

 
Signal transduction Cell membrane 

2. Up-regulated Q9H0C1 Zinc finger MYND domain-
containing protein 12 

18.811 
 

8.5149E-07 
 

Reproduction Cell projection 

3. Up-regulated P14384 Carboxypeptidase M  21.281 
 

1.3655E-06 
 

Protein 
modification 

Cell membrane 

4. Up-regulated O00401 Actin nucleation-promoting 
factor WASL  

19.233 
 

1.3655E-06 
 

Cytoskeleton/struct
ure 

Cytoskeleton, 
nucleus, cytoplasm 

5. Up-regulated P08574 Cytochrome c1 20.945 
 

1.3655E-06 
 

Metabolism Mitochondria 
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1.  Q7Z7L1 CFYIFVKSWSSGPFPED
RSVKPR 

Schlafen family member 11  0.9996 31 37.4 46814.40 

2. P0CG13 DKILFKTRPKPIITSVPK Chromosome transmission fidelity protein 8 
homolog  

1.0627 5 47.1 8331.97 

3. P07099 DKEETLPLEDGWWGPG
TR 

Epoxide hydrolase 1  1.0037 19 45.9 30421.80 

4. P63135 CTQQLRR Endogenous retrovirus group K member 7 Pol 
protein 

1.0002 30 20.0 45031.20 

5. Q8N3A8 ALDSITSIREMTQAPYL
EIK 

Protein mono-ADP-ribosyltransferase PARP8  1.0003 28 28.9 38748.50 

24 hours of treatment 
1.  A8MXY4 AFKHFSALR Zinc finger protein 99 1.0139 32 45.5 47464.00 
2. P10412 ALAAAGYDVEK Histone H1.4  1.0398 17 63.9 19978.50 
3. Q9NS71 FGKNIANMCR Gastrokine-1  1.0552 3 8.6 3749.40 
4. Q15493 EEQIPDGMCIDAEGK Regucalcin  1.0127 10 35.1 13685.60 
5. P24592 APAVAEENPK Insulin-like growth factor-binding protein 6  1.0062 9 36.2 14118.60 

Note: N: Q-value: −log!"-transformed FDR-adjusted P-value (> 1.30 and > 2.0 indicate < 5% and < 1% FDR, respectively). N: Peptides: Number of unique 
peptides matching the protein. N: Sequence coverage (%): Percentage of the protein sequence covered by identified peptides. 

 
Table 3. Characteristics of 6 candidate proteins associated with CHX-protein interaction 
network. 

No Accession no. Protein STITCH pathways Established biological function Reference 
1.  O95843 Guanylyl cyclase-activating protein 

3 
Calcium signaling Loss of GCAP3 causes retinal cell 

apoptosis. 
[32] 

2. Q7Z7L1 Schlafen family member 11 Ubiquitin-proteasome SLFN11 induces cell cycle arrest and 
apoptosis.  

[33, 34] 

3. P07099 Epoxide hydrolase 1 Xenobiotic metabolism EPHX1 suppresses the cell cycle and 
induces apoptosis 

[35] [36] 

4. P10412 Histone H1.4 Ubiquitin-proteasome Histone H1 variant H1.4 regulates cell 
cycle and apoptosis 

[37, 38] 

5. Q15493 Regucalcin Calcium signaling  RGN regulates the cell cycle and death; 
directly prevents apoptosis 

[20] [21] 

6. P24592 Insulin-like growth factor-binding 
protein 6 

Calcium signaling IGFBP6 inhibits the cell cycle and 
promotes apoptosis 

[23, 24] 

4. Conclusion 
 This study characterizes the temporal 
cellular and molecular dynamics of CHX-
induced translational arrest. While acute 
treatment elicited no cellular change, 
prolonged CHX exposure resulted in 
decreased cell viability, S-phase cell cycle 
arrest, and minimal apoptosis. Network 
analysis of proteomic data revealed three 
molecular pathways responsible for these 
cellular responses, including xenobiotic 
detoxification, calcium-mediated survival 
signaling, and ubiquitin-proteasome 
degradation. This well-characterized CHX-
exposed HepG2 model establishes a 
methodological reference for future 
bioassays investigating translational arrest.        
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