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Abstract:

Long COVID (LC) is a complex condition characterized by persistent, chronic multisystem
manifestations, with a significant proportion of patients exhibiting neurological symptoms. Human
ion channels (HICs), particularly potassium channels, are abundantly expressed in the nervous
system and linked to key metabolic processes, making them potential candidates for understanding
LC pathophysiology and drug repurposing. Meta-analysis of RNA-Seq datasets from COVID-19
recovered and LC patients was performed to identify altered HICs in LC. Differential gene
expression analysis, functional enrichment analysis, and weighted gene co-expression network
analysis (WGCNA) were performed to uncover key genes, pathways, and co-expression modules
consisting of HICs, lipid metabolism-, and immune signaling-related genes. Drug-gene interaction
analysis was performed to identify approved drugs targeting potential HICs. A total of 715
dysregulated genes, including eighteen HICs were identified, among which seven were potassium
channels. Three significant modules containing HICs, lipid metabolism-, and immune signaling-
related genes were identified and found to be associated with antigen processing and presentation,
complement and coagulation cascades, and cytokine-related pathways. Approved drugs targeting
KCNA6, KCNJ10, KCNN3, and KCNH4 were identified. With further experimental validation,
these dysregulated potassium channels, supported by their co-expression networks and pathway
associations, may act as potential candidates for drug repurposing in LC patients.
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1 Introduction

Six years after the COVID-19 pandemic, long COVID (LC) continues to be a significant concern
among individuals with a history of SARS-CoV-2 infection. It affects a substantial proportion of
COVID-19 survivors worldwide, presents with overlapping symptom subtypes and is more likely
to occur in individuals with severe disease, comorbidities, and certain demographic risk factors
(1). It is primarily characterized by persistent fatigue, brain fog, dyspnea, chest pain, palpitations,
and other multisystem manifestations involving the neurological, respiratory, cardiovascular, and
musculoskeletal systems (1), (2). These symptoms are thought to arise from multiple overlapping
mechanisms, including viral persistence, immune dysregulation, chronic inflammation,
microvascular dysfunction, autonomic imbalance, and reactivation of latent viruses (2).

Significant alterations in host gene expression are induced during COVID-19 infection, primarily
dysregulating immune response genes, proinflammatory cytokines, and interferon (IFN) pathways
(3). Emerging studies using transcriptomic profiling have revealed persistent alterations in gene
expression associated with immune dysregulation, inflammation, and metabolic imbalance in
affected individuals with elevated proinflammatory cytokines, including interleukin-6 and tumor
necrosis factor-a, and altered T and B-cell profiles (4). Elevated expression levels of IFNs in
patients with severe COVID-19 have been reported to decline over time in LC patients, suggesting
cytokine exhaustion as a possible driver of LC (5). We hypothesized that more integrated
transcriptomic analysis is required to elucidate the interconnected molecular networks driving LC
pathophysiology that could also provide therapeutic strategies in LC management.

Human ion channels (HICs) play a fundamental role in regulating cellular homeostasis, membrane
potential, and signal transduction and have been increasingly reported in the pathophysiology of
viral infections, including COVID-19 (6). Several studies have highlighted the dysregulation of
HIC activity during SARS-CoV-2 infection, suggesting their involvement in COVID-19-
associated complications (7), (8). They contribute to critical processes such as viral entry,
replication, and host immune responses, thereby influencing disease progression and severity (9).

Among these, potassium channels constitute a major class of HICs that are essential for
maintaining ionic balance, regulating membrane repolarization, and controlling cellular
excitability across neuronal, cardiac, and epithelial systems (10), (11), (12), (13). Dysregulation of
potassium channels is known to disrupt K* homeostasis and membrane potential, leading to altered
neuronal signaling and impaired cellular function (14), (15), (13). Hypokalemia, characterized by
reduced serum potassium levels, is a serious condition that can lead to electrolyte imbalance,
arrhythmias and seizures and has been frequently reported in patients with acute COVID-19 (16),
(17). Notably, emerging case reports have documented persistent hypokalemia beyond the acute
phase of infection, indicating sustained disruption of potassium homeostasis and a potential link
to LC (17), (18). These channelopathies are associated with neuropsychiatric manifestations,
cardiac abnormalities, and immune dysregulation and may also facilitate viral entry and
persistence, highlighting their potential role in the multisystem nature of LC (19), (20), (21).
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65  Moreover, due to their accessibility and functional significance, HICs have emerged as promising
66  druggable targets (9). However, their specific role and regulatory dynamics in the context of LC
67  remain largely unexplored.

68  Additionally, HICs, lipid metabolism and immune signaling pathways play critical roles in the host
69  response to viral infections and the development of persistent disease states. Lipid metabolism is
70  essential for viral replication, membrane remodeling, and energy homeostasis, while dysregulation
71 of immune signaling pathways contributes to the chronic inflammation and prolonged
72 symptomatology observed in LC (22), (23), (24). Emerging evidence suggests that these biological
73 processes do not act independently but are highly interconnected, with significant cross-talk
74  influencing disease progression (22), (23). However, the integrated interactions between HICs,
75  lipid metabolism, and immune signaling pathways have not been systematically explored in LC.
76 Understanding these interconnected molecular networks may provide deeper insights into the
77  mechanisms underlying disease persistence.

78  Given the interconnected nature of these molecular processes, a systems-level approach is essential
79  to comprehensively understand LC pathophysiology. Traditional differential expression analyses
80  provide valuable insights into individual genes but often fail to capture the coordinated interactions
81  between them. In contrast, gene co-expression network analysis enables the identification of
82  functionally related gene modules and underlying regulatory patterns, offering a more holistic view
83  of disease-associated molecular mechanisms (25). Such approaches may reveal key genes, thereby
84  facilitating the identification of critical molecular drivers in LC.

85  With the lack of approved targeted therapies for LC, there is a need to identify effective treatment
86  strategies. Drug repurposing offers a time- and cost-efficient approach by utilizing existing
87  approved drugs with known safety profiles (26). Integrating transcriptomic findings with drug—
88  target interaction data can facilitate the identification of potential therapeutic candidates by linking
89  disease-associated molecular alterations to actionable targets (26), (27). Such strategies may
90 accelerate the translation of molecular insights into clinical applications, providing a practical
91  framework for the management of LC.

92 2 Methodology
93 2.1 Data Acquisition and Processing

94  RNA sequencing (RNA-Seq) data from 62 recovered COVID-19 recovered and 70 LC patients
95  were obtained for this study. Two datasets (GSE251849 and GSE226260) were downloaded from
96 the Gene Expression Omnibus database, whereas one dataset (PRINA1184005) was acquired from
97  NCBI’s BioProject. A list of 493 HICs was downloaded from the HUGO Gene Nomenclature
98 Committee database. Lipid metabolism-related genes (LMGs) were collected from the literature
99  (28),(29), (30), (31), (32), (33), (34), (35), (36), (37), (38). Similarly, a list of immune signaling-
100 related genes (ISGs) was obtained from the InnateDB (39). The quality of the RNA-Seq data was
101  assessed using FastQC (v. 0.12.1) and further processed using Trimmomatic (v. 0.39) (40). Quality
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102  filtered reads were aligned to the human genome GRCh38.p13 using STAR aligner (v. 2.7.11b)
103  followed by gene expression quantification using HTSeq (v. 2.1.2) (41), (42). Batch effects arising
104  from technical variability across samples were corrected using the ComBat function of the sva
105  package (v. 3.54.0) prior to downstream analyses (43). The overall workflow is summarized in
106  Figure 1.

107 2.2 Differential Expression and Functional Analysis

108  Differential gene expression analysis between COVID-19 recovered and LC gene expression
109  profiles was performed using the DESeq2 package (v. 1.46.0) of R (R Foundation for Statistical
110  Computing, Vienna, Austria) (44). Genes with a p value <= 0.05 and |log2fold change| > 0.6 were
111 classified as differentially expressed genes (DEGs). A volcano plot was generated using the
112 ggplot2 package (v. 3.5.2), with differentially expressed HICs, LMGs, and ISGs specifically
113 labeled. Functional enrichment analysis for Gene Ontology (GO) and pathways was performed
114  using the functions gseGO and gseKEGG, respectively, from ClusterProfiler (v. 4.14.6), an R
115  package (45). Enriched terms and pathways up-regulated (activated) and down-regulated
116  (suppressed) with a p value <=0.05 were visualized using R’s dotplot function.

117 2.3 Network Construction and Pathway Analysis

118  Co-expression networks were constructed using the weighted gene co-expression network analysis
119  (WGCNA) package (v. 1.74) of R (46). Expression profiles of DEGs were provided as an input
120  and transformed using DESeq2’s variance stabilizing transformation. To generate a scale-free
121 topology network, a soft thresholding power of 4 was used. After converting expression data into
122 atopological overlap matrix (TOM), the dynamic tree-cutting approach was used to detect initial
123 modules. Modules were merged based on substantially similar expression profiles of the genes.
124  Eigengene-trait correlation analysis was performed to identify modules significantly associated
125  with COVID-19 recovered and LC. We used gene significance and module membership (MM)
126  values to assess the correlation between gene expression profiles, module eigengenes, and binary
127  characteristics. Gene significance versus MM plots was used to assess intramodular gene
128  relationships (46). The most correlated modules were chosen, and the resulting networks were
129  exported to Cytoscape with a weight threshold of 0.02 (47). Furthermore, pathways associated
130  with the significant modules were identified using EnrichR (48).

131 2.4 Drug Interactions

132 Differentially expressed HICs and their subset in co-expression networks were considered
133 potential druggable targets for drug repurposing. Approved drugs interacting with these HICs were
134  identified using the Drug-Gene Interaction Database (49).

135 3 Results

136 3.1 Differential Gene Expression and Functional Enrichment
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137  The analysis identified 715 DEGs, of which 266 were found to be down-regulated and 449 were
138  up-regulated. Of the total DEGs, 18 were HICs, 22 were LMGs and 28 were ISGs (Figure 2). A
139  list of DEGs is provided in Supplementary File 1. Furthermore, of the total differentially expressed
140  HICs, 7 were potassium channels: KCNA6, KCNG3, KCNH4, KCNJ10, KCNJI12, KCNN3, and
141  KCTD4. Table 1 represents the list of 7 deregulated potassium channels.

142 Functional enrichment analysis of DEGs led to the identification of 702 biological processes, 162
143 molecular functions, 77 cellular components, and 29 pathways to be enriched in LC patients
144  (Figure 3) (Supplementary File 2). Pathways including antigen processing and presentation,
145  complement and coagulation cascades, biosynthesis of unsaturated fatty acids, N-glycan
146  biosynthesis, 2-oxocarboxylic acid metabolism, phagosome, and neuroactive ligand—receptor
147  interaction were found to be suppressed in LC patients through their negative normalized
148  enrichment score (NES). Similarly, pathways including type Il diabetes mellitus, pancreatic
149  secretion, and maturity onset diabetes of the young were found to be activated in LC patients
150  through their positive NES.

151 3.2 Co-expression Network Analysis

152 Three significant co-expressed gene networks were identified using WGCNA, namely, the blue,
153  brown, and turquoise modules, comprising 158, 98, and 79 DEGs, respectively (Figure 4 and
154  Supplementary File 3).

155  The blue module comprised 5 HICs - chloride intracellular channel 6 (CLIC6), potassium voltage-
156  gated channel subfamily A member 6 (KCNAG6), potassium inwardly rectifying channel subfamily
157  J member 10 (KCNJ10), potassium calcium-activated channel subfamily N member 3 (KCNN?3),
158  and potassium channel tetramerization domain containing 4 (KCTD4); 7 LMGs - adenylate cyclase
159 6 (ADCY6), cytochrome P450 family 27 subfamily A member 1 (CYP27A41), cytochrome P450
160  family 4 subfamily B member 1 (CYP4BI), diacylglycerol kinase kappa (DGKK), lipoprotein
161  lipase (LPL), matrix metallopeptidase 1 (MMPI), and protein kinase cGMP-dependent 1
162  (PRKGI); and 10 ISGs - complement C1q B chain (C/QB), complement Clq C chain (C/QC),
163  dedicator of cytokinesis 1 (DOCKI), interferon alpha inducible protein 27 (IFI27),
164  immunoglobulin heavy constant gamma 1 (Glm marker) (/GHGI), immunoglobulin heavy
165  constant gamma 2 (G2m marker) (/GHG2), leucine zipper tumor suppressor 1 (LZTS1), membrane
166  spanning 4-domains A2 (MS4A2), programmed cell death 1 ligand 2 (PDCD1LG?2), and vascular
167  endothelial growth factor C (VEGFC) (Figure 5A). The blue module was further found to be
168  associated with several pathways, including the phospholipase D signaling pathway, complement
169 and coagulation cascades, cell adhesion molecule (CAM) interaction, efferocytosis, and
170  peroxisome proliferator-activated receptor signaling pathway.

171 The brown module contained 2 HICs that included potassium voltage-gated channel subfamily H
172  member 4 (KCNH4) and solute carrier family 22 member 10 (SLC22410), 6 LMGs -
173 calcium/calmodulin dependent protein kinase II alpha (CAMK2A), colony stimulating factor 1
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174  (CSF1), C-X-C motif chemokine ligand 2 (CXCL2), dual specificity phosphatase 4 (DUSP4),
175 SMAD family member 6 (SMAD6), ubiquitin specific peptidase 2 (USP2), and 6 ISGs - ATP
176  binding cassette subfamily A member 1 (ABCAI), angiopoietin like 3 (ANGPTL3), angiopoietin
177  like 4 (ANGPTL4), oxidized low density lipoprotein receptor 1 (OLRI), perilipin 5 (PLINS), and
178  prostaglandin E synthase (PTGES) (Figure 5B). The brown module was further found to be
179  associated with pathways including viral protein interactions with cytokine and cytokine receptor,
180 lipid and atherosclerosis, cholesterol metabolism, among others.

181  The turquoise module contained 1 LMG — adenylate cyclase 1 (4ADCYI) and 1 ISG — C-C motif
182  chemokine receptor 4 (CCR4) and was found to be associated with gap junctions through pathway
183  analysis.

184 3.3 Drug-Target interactions

185  From the total differentially expressed HICs identified, 10 were found to interact with approved
186  drugs (Supplementary File 4). Of these 10 HICs, KCNN3, KCNA6, and KCNJ10 were from the
187  blue module, and KCNH4 was from the brown module. KCNN3 was observed to interact with
188  dequalinium. KCNJ10 interacted with mitiglinide, glipizide, tolazamide, and chlorpropamide.
189  Additionally, both KCNA6 and KCNH4 were found to interact with amifampridine, guanidine
190  hydrochloride, dalfampridine, and amifampridine phosphate. (Figure 6).

191 4 Discussion

192  Given the latest definition of LC, the knowledge of mechanisms driving the condition and the
193  multisystem nature of the symptoms experienced by the patients (50), (2), we performed a meta-
194  analysis of transcriptomic data from COVID-19 recovered and LC patients to identify the
195  underlying molecular alterations most likely responsible for these mechanisms.

196  Here, we identified DEGs in LC patients, including seven potassium ion channel genes, KCNAG6,
197 KCNG3, KCNH4, KCNJ10, KCNJI12, KCNN3, and KCTD4, among the differentially expressed
198  HICs. Functional enrichment for the DEGs led to the identification of GO terms and pathways that
199  may be altered in LC patients. Among the enriched Gene Ontology (GO) terms, 171 biological
200  processes, 47 molecular functions, and 21 cellular components included differentially expressed
201  HICs, LMGs, and ISGs. Functional enrichment led to the identification of GO terms and pathways
202  that are activated and suppressed as a consequence of differential expression in LC patients.
203  Pathways and processes related to diabetes and the nervous system were found to be activated,
204  while several immune signaling, lipid metabolism, cell cycle, and other metabolic pathways were
205  suppressed in LC patients, as revealed by pathway enrichment analysis. Furthermore, significant
206  modules of highly correlated genes that were associated with pathways linked with LC were
207  identified. Notably, these module-associated pathways were consistent with those identified
208  through initial pathway enrichment analysis, suggesting that genes within these modules may
209  contribute to LC pathophysiology. Furthermore, of the seven differentially expressed potassium
210  channels, five (KCNN3, KCNH4, KCNA6, KCNJ10, and KCTD4) were found to be co-expressed
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211  in the identified modules and finally, four of them (KCNN3, KCNH4, KCNA6, and KCNJI10)
212  interacted with approved drugs.

213 KCNN3, belonging to the KCNN family of potassium channels, encodes a small conductance
214  calcium-activated potassium channel (SK3). Functionally, SK3 mediates the voltage-independent
215  transmembrane transfer of K across the cell membrane through its interaction with calmodulin,
216  which binds the intracellular calcium, allowing its opening (10). Due to its higher expression in
217  the brain and heart, dysregulation of KCNN3 is reported to be associated with neurological
218  disorders and cardiac arrhythmia, which are also among the manifestations observed in LC (51),
219  (19), (52), (53). Dysregulated KCNN3 has also been reported in previous bioinformatic studies,
220  suggesting their deeper investigation in LC-associated manifestations (54). SK3 is activated after
221  membrane hyperpolarization, which then regulates neuronal excitability by contributing to the
222 slow component of synaptic afterhyperpolarization (AHP). In up-regulated expression of KCNN3,
223 as observed in our analysis, the increased regulatory effect of the channel would cause a delay in
224 neuronal activation, which is often observed in several conditions, including schizophrenia and
225  atrial fibrillation, a condition also associated with LC (55), (56). As a potential blocker of the SK3
226  channel, dequalinium prevents the slow reset period (AHP) followed by a nerve impulse,
227  enhancing the excitability of a neuron (57), (55). Hence, the KCNN3-dequalinium interaction
228  could provide a promising strategy in the management of neurological conditions observed in LC.
229  In addition, we found it to interact with 21 DEGs, of which 1 was LMG - protein kinase CGMP-
230  dependent 1 (PRKGI) and 2 were ISGs - immunoglobulin heavy constant gamma 1 (/GHGI) and
231 programmed cell death 1 ligand 2 (PDCDILG?2). Of them, PDCD1LG2 has been reported as a
232 major immune checkpoint during COVID-19 progression, while some have mentioned its
233 elevation associated with T-cell exhaustion in LC cohorts (58), (59).

234 KCNAG6 is a voltage-gated potassium channel that is highly expressed in the central nervous
235  system, with the highest expression in the frontal and occipital cortex (13). It regulates neuronal
236  excitability by mediating potassium ion transport, which is crucial for repolarizing neurons after
237  action potentials (60). Mutations in KCNA6 disrupt channel deactivation, leading to persistent
238  neuronal excitability and early-onset epilepsy, leading to behavioral, cognitive, and psychiatric
239  issues (13), (61). Additionally, exogenous expression of KCNA6 was found to significantly
240  increase spike-mediated pseudoviral entry (21). Notably, disrupting KCNAG6 channel activity has
241 been shown to decrease SARS-CoV-2 viral entry, highlighting it as a putative SARS-CoV-2 host
242 factor (21). The upregulation of KCNA6 identified in this study, along with its interaction with
243 channel blocker drugs pose them as a potential molecule in LC-associated neurological
244  manifestations.

245  KCNHA4, located in the neocortex and the striatum, is a brain-specific gene that is associated with
246  the regulation of neurotransmitter release, heart rate, insulin secretion, neuronal excitability,
247  epithelial electrolyte transport, smooth muscle contraction, and cell volume (62). Dysregulation of
248 KCNH4 is reported to be associated with sleep regulation, neurodegeneration, and several
249  neurodevelopmental disorders. Several studies have reported sleep disturbances in patients with a
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250  history of acute COVID-19, suggesting that it is among the major neuropsychiatric symptoms
251  experienced by patients (20), (63). Additionally, its interaction with PTGES, an LMG and 2 ISGs,
252  CAMK2A and DUSP4, was revealed through co-expression analysis. These molecules, especially
253  CAMK2A and DUSP4, have been reported to be linked with SARS-CoV-2 viral entry and LC-
254  associated brain fog, respectively (64), (65). Furthermore, the upregulation of KCNH4 and its
255  interaction with channel blockers that were identified in this study suggest the therapeutic potential
256  of KCNH4 in LC-associated neuropsychiatric symptoms.

257  Kird.1, encoded by KCNJI0, is an inwardly rectifying potassium channel that maintains K"
258  homeostasis in glial cells in the central nervous system, inner ear cells, and renal epithelial cells
259  (11). Specifically, it is involved in stabilizing the resting membrane potential of astrocytes, clears
260  extracellular K to prevent neuronal over-excitation, and enables salt reabsorption in the kidney
261 (12), (15). KCNJI0 downregulation has been reported as a marker of astrocyte dysfunction in
262 depression that may contribute to neuroinflammation-driven neuropsychiatric complications in LC
263 (66). A decrease in KCNJ10 contributes to loss of K* buffering capacity and disruption of ionic
264  equilibrium in retinal Miiller glial cells (15), (67). Additionally, disruption in channel functionality
265  has been reported to cause EAST syndrome, making it critical in neurological implications (68).
266  Furthermore, we identified KCNJI0 interacting with PDCDILG?2 through our analysis. The
267  downregulation of KCNJI0 in LC patients identified in this study and its association with
268  neurological imbalance reported in the literature highlight its potential for studying neurological
269  manifestations in LC.

270  All the findings of this study were derived through bioinformatic data analysis and data mining. It
271  was primarily based on transcriptomic data, which captures gene expression patterns but does not
272 directly verify protein-level changes or functional modifications in HICs, LMGs, and ISGs. The
273 heterogeneity of LC progression across individuals and potential differences in underlying
274  mechanisms may constrain the generalizability of the findings. Future studies incorporating
275  longitudinal patient cohorts, electrophysiological measurements of HICs function, and functional
276  assays in patient-derived cell and organoid models would not only strengthen these findings but
277  also provide a more comprehensive understanding of the complex pathophysiology underlying
278 LC.

279 5 Conclusion

280  Through comprehensive computational analysis and extensive data mining, we identified key
281  DEGs, significantly co-expressed gene networks, and altered pathways associated with
282  neurological, renal, and cardiovascular processes. Notably, the dysregulation and co-expression of
283  HICs, particularly potassium channels, highlight their potential in LC symptom management.
284  Collectively, these results suggest a critical subset of molecular alterations underlying broad
285  multisystem dysregulation in LC and provide a molecular framework for understanding its
286  pathophysiology, thereby facilitating the identification of potassium channels as potential targets.
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287  However, further experimental validation in larger cohorts is necessary to confirm these
288  observations and translate them into effective diagnostic and treatment strategies.
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313  Legends

314  FIGURE 1. Overview of Workflow. Publicly available transcriptomic data of COVID-19 recovered
315 and long COVID was downloaded, processed, and treated for batch effect removal. Differential
316  expression analysis was performed to identify differentially expressed genes. Functional
317 enrichment for the identified differentially expressed genes (DEGs) was performed to identify
318 associated Gene Ontology terms and pathways. Gene co-expression network analysis was
319  performed to identify significant clusters comprising differentially expressed human ion channels
320 (HICs) and lipid metabolism- and immune signaling-related genes. Approved drugs interacting
321 with these critical HICs were identified. These drug-HICs interactions may provide potential
322  strategies for drug repurposing.

323 FIGURE 2. Volcano plot for differentially expressed genes. Representation of differentially
324  expressed genes identified using DESeq2. Blue points represent down-regulated genes. Red points
325  represent up-regulated genes. Gray points represent genes with normal expression. Labels in the
326  volcano plots represent differentially expressed human ion channels, lipid metabolism-, and
327  immune signaling-related genes.

328  FIGURE 3. Functional enrichment of differentially expressed genes. A) Biological processes and
329  B) pathways that were found to be activated and suppressed in long COVID patients.

330 FIGURE 4. Weighted gene co-expression network analysis (WGCNA) of dysregulated genes in
331 long COVID (LC). (A) Scale independence plot depicting the relationship between soft threshold
332 power (B=4) and scale-free topology fit. (B) Mean connectivity analysis illustrating how
333  connectivity decreases with increasing soft threshold power. (C) Sample clustering dendrogram
334  showing the relationship between COVID recovered and LC samples. (D) Module-trait
335 relationship heatmap illustrating the correlation between identified modules and LC status, with
336 red indicating a positive correlation and blue indicating a negative correlation. (E) Gene
337 significance versus module membership plots for blue, brown and turquoise modules,
338  demonstrating the relationship between gene significance for LC and intramodular connectivity.

339  FIGURE 5: Co-expressed networks obtained through WGCNA: (A) Blue module visualization
340  with ion channels highlighted in orange nodes, LMGs highlighted in green nodes, and ISGs
341  highlighted in pink nodes. This module includes genes associated with the phospholipase D
342  signaling pathway, complement and coagulation cascades, cell adhesion molecule (CAM)
343  interaction, efferocytosis, and peroxisome proliferator-activated receptor signaling pathway. (B)
344  Brown module visualization with channels highlighted in orange nodes, LMGs highlighted in
345  green nodes, and ISGs highlighted in pink nodes. This module was further found to be associated
346  with pathways including viral protein interactions with cytokine and cytokine receptor, lipid and
347  atherosclerosis, and cholesterol metabolism.

348  Figure 6: Interactions between potassium channels and drugs: (A) Potassium calcium-activated
349  channel subfamily N member 3 (KCNN3) interacting with dequalinium. (B) Potassium voltage-
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350 gated channel subfamily A member 6 (KCNAG6) interacting with amifampridine (3,4-DAP),
351  guanidine hydrochloride (GuHCI), dalfampridine (4-AP), and amifampridine phosphate (3,4-
352  DAP). (C) Potassium inwardly rectifying channel subfamily J member 10 (KCNJ10) is known to
353 interact with mitiglinide (MGN), glipizide (GZ), tolazamide (TOL), and chlorpropamide. (D)
354  Potassium voltage-gated channel subfamily H member 4 (KCNH4) is known to interact with
355  Amifampridine (3,4-DAP), guanidine hydrochloride (GuHCI), dalfampridine (4-AP), and
356  amifampridine phosphate (3,4-DAP).

357
358  Supplementary File 1. Differential gene expression analysis results generated using DESeq?2.

359  Supplementary File 2. Functional enrichment analysis results obtained using ClusterProfiler and
360  Enrichr.

361  Supplementary File 3. Node and edge information for the three significant WGCNA modules
362  (Blue, Brown, and Turquoise).

363  Supplementary File 4. Drug interacting with the identified differentially expressed human ion
364  channels retrieved from the Drug-Gene Interaction Database.

365
366
367
368
369
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371  Table 1: Deregulated potassium ion channels in LC patients. List of seven up- and down-
372 regulated potassium channels in LC patients with their corresponding description,
373  log2Foldchange, significant p value, and dysregulation status

Potassium Description log2FC | p value | Dysregulation
channels
KCNH4 Potassium voltage-gated channel 1.29209 | 3.59E-06 | Up-regulated
subfamily H member 4
KCNJI2 Potassium inwardly rectifying channel | 1.67679 | 0.00191 | Up-regulated
subfamily J member 12
KCNG3 Potassium voltage-gated channel 1.78694 | 0.03089 | Up-regulated
modifier subfamily G member 3
KCNN3 Potassium calcium-activated channel | 0.65056 | 0.03441 Up-regulated
subfamily N member 3
KCNA6 Potassium voltage-gated channel 0.81391 | 0.04806 | Up-regulated
subfamily A member 6
KCNJI10 Potassium inwardly rectifying channel | -1.26974 | 0.00116 Down-
subfamily J member 10 regulated
KCTD4 Potassium channel tetramerization -1.05143 | 0.03132 Down-
domain containing 4 regulated
374
375
376
377

378
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