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Abstract
Background: Lambert-Eaton myasthenic syndrome (LEMS) is a rare neuromuscular junction disorder associated with muscle
weakness and small-cell lung cancer. Here, we used microarray analysis to identify long non-coding RNAs (lncRNAs) and
messenger RNAs (mRNAs) that might serve as biomarkers for LEMS.

Methods: Plasma lncRNA and mRNA expression pro�les of three patients with paraneoplastic LEMS and three healthy controls
were analyzed using Arraystar Human lncRNA Microarray v4.0. Differentially expressed lncRNAs and adjacent mRNAs were
analyzed jointly, and candidates were veri�ed in individual samples by quantitative real-time polymerase chain reaction (qRT-
PCR). The identi�ed lncRNAs and mRNAs were evaluated in nine patients with paraneoplastic LEMS, eight patients with non-
tumor LEMS, and four patients with small cell lung cancer (SCLC).

Results: A total of 320 lncRNAs were differentially expressed in patients with paraneoplastic LEMS compared to healthy controls
(fold change >1.5, P < 0.05), and nine were further evaluated. One of the identi�ed lncRNAS, LOC338963 (NR_031439), is known
to regulated the expression of the mRNA AP3B2, and both were upregulated more than 2-fold in patients with paraneoplastic
LEMS compared to healthy controls. Furthermore, qRT-PCR analysis revealed signi�cant upregulation of LOC338963
(NR_031439) and AP3B2 expression in patients with paraneoplastic LEMS compared to those with either non-tumor LEMS (2.37-
and 5.06-fold, respectively) or SCLC (4.36- and 14.97-fold, respectively).

Conclusions: Plasma LOC338963 (NR_031439) and AP3B2 were found to be upregulated in LEMS and might be used as
diagnostic biomarkers for this disease.

Background
Lambert-Eaton myasthenic syndrome (LEMS) is a rare neuromuscular junction (NMJ) conduction disorder. The pathogenesis of
LEMS involves the binding of autoantibodies to voltage-gated calcium channels (VGCCs) of motor nerve endings, which leads to
a decrease in the release of acetylcholine, and clinical weakness[1, 2]. Approximately 60% of patients with LEMS have tumors[3],
mostly small-cell lung cancer (SCLC), which is a type of lung cancer with neuroendocrine characteristics.

Long non-coding RNAs (lncRNAs) are transcripts longer than 200 nucleotides that are not translated into proteins[4]. However,
they are able to regulate mRNA and proteins synthesis, thus playing important roles in biological regulatory networks[4]. About
90% of the susceptibility genes associated with autoimmune diseases are located in non-coding regions, and approximately 10%
are located in lncRNAs[5]. lncRNAs are widely expressed in monocytes, dendritic cells, neutrophils, T cells, B cells, and other
immune cells[6, 7]. They are involved in the occurrence and development of autoimmune diseases such as rheumatoid arthritis
and Sjögren’s syndrome[8-11].

To identify lncRNAs and mRNA that might serve as biomarkers for LEMS, we screened individual plasma samples from patients
with paraneoplastic LEMS and healthy controls using a lncRNA/mRNA microarray. We further validated our �ndings with
quantitative real-time polymerase chain reaction (qRT-PCR) analysis of samples obtained from patients with either
paraneoplastic LEMS, non-tumor LEMS, or SCLC. From these analyses, we identi�ed the lncRNA LOC338963 (NR_031439) and
the mRNA AP3B2 as potential biomarkers for paraneoplastic LEMS.

Methods
Standard protocol approval, registration, and informed consent

The Ethics Committee of PLA General Hospital approved human specimen acquisition (IEC# S2020-073-02). All participants were
provided with thorough information before signing their consent forms.

Study population



Page 3/19

Three patients with LEMS and advanced-stage SCLC were assigned to the experimental group (LEMS) and three healthy age- and
sex-matched volunteers were assigned to the control group (C). The standard clinical manifestations of the LEMS group
included[12]: (1) weakness of the proximal limb; (2) decrease or disappearance of tendon re�ex; (3) possible autonomic nerve
dysfunction; (4) compound action muscle potential (CMAP) amplitude increased by ≥100% in high-frequency repetitive nerve
stimulation (HF-RNS) tests (20–50 Hz); and (5) presence of a tumor with consistent tumor stage. The exclusion criteria were as
follows: (1) patients and volunteers who had received immunotherapy such as immunoglobulins and glucocorticoid; (2) patients
and volunteers who refused to participate or dropped out from the study; and (3) the absence of detailed clinical data.

Blood collection

Blood samples (5 mL) were drawn into EDTA-coated anticoagulant tubes. The anticoagulant blood was added into centrifuge
tube and then erythrocyte lysis buffer was added and mixed. The supernatant was removed after centrifugation. RNA samples
were prepared after separation, sedimentation, washing and dissolution. The concentration and purity of RNA were determined
using ultraviolet absorption spectrophotometry.

Microarray-based lncRNA and mRNA expression pro�ling

Arraystar Human lncRNA/mRNA Microarray v4.0 testing was performed by KangChen Biotech (Shanghai, China). First, mRNA
was puri�ed from total RNA using mRNA-ONLY™ Eukaryotic mRNA Isolation Kit, (Epicenter Inc, USA). Second, each sample was
ampli�ed and transcribed into �uorescently labeled complementary RNAs, which were used as probes to hybridize onto the
microarray chip. Third, RNA quantity and quality were monitored using NanoDrop ND-1000 (Thermo Inc., USA). Finally, Agilent
Feature Extraction software (v11.0.1.1) was used to analyze the acquired array images. GeneSpring GX v12.1 software
(Genomax Technologies, Singapore) was used to import �les containing the original signal of probes. After quantile
normalization, low-quality probes were removed, and lncRNA expression data were obtained. Differential expression of lncRNAs
and mRNAs was considered statistically signi�cant at P < 0.05 using a cut-off point of 1.5-fold between the two groups.

Gene ontology and pathway analysis

Gene Ontology (GO) enrichment and pathway analysis was performed to observe the functional characteristics of differentially
expressed genes. GO was performed using Functional Annotation Tool Database for Annotation, Visualization and Integrated
Discovery (DAVID 6.8) (http://david.abcc.ncifcrf.gov/summary.jsp). GO is an international standard classi�cation system of gene
function that is divided into three parts: Molecular Function, Biological Process, and Cellular Component. The mRNA differential
expression pro�le data were analyzed using top GO for GO analysis of differential mRNAs to infer their molecular functions.
Signi�cant GO terms were identi�ed when P < 0.05. Pathway analysis of differentially expressed genes was performed using the
Kyoto Encyclopedia of Genes and Genomes (KEGG) database (http://www.genome.jp/kegg).

Independent validation of differentially expressed plasma lncRNAs and neighboring genes

First, the microarray chip was used to detect the remaining total RNA for cDNA synthesis. Second, a gradient dilution DNA
template was prepared in order to draw the standard curve. Third, quantitative real-time polymerase chain reaction (qRT-PCR)
was performed for the target genes and housekeeping genes of each sample. Finally, the concentration of target genes and
housekeeping genes was calculated according to the gradient diluted standard curve which had been prepared in the second
step. The concentration of the target gene in each sample was divided by the concentration of its housekeeping gene, and the
corrected relative content of this gene in the sample was obtained.

Expanded sample size validation of differentially expressed plasma lncRNAs and adjacent neighboring genes

For further validation, qRT-PCR was performed for the target and housekeeping genes of nine patients with paraneoplastic LEMS,
eight with non-tumor LEMS and four with SCLC (extensive stage).

Results

http://www.genome.jp/kegg
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Clinical characteristics of the study population

The clinical characteristics of the LEMS and control groups are presented in Table 1.

 

Table 1 Clinical characteristics of patients with LEMS and healthy controls

Subject ID Age, years Sex Cerebellar signs Presence of a tumor Treated

LEMS1 56 Male Negative SCLC Negative

LEMS2 55 Male Negative SCLC Negative

LEMS3 54 Male Negative SCLC Negative

N1 52 Male Negative Negative Negative

N2 53 Male Negative Negative Negative

N3 54 Male Negative Negative Negative

LEMS: Lambert-Eaton myasthenic syndrome; N: number, healthy control; SCLC: small-cell lung cancer

 

Differentially expressed lncRNAs and mRNAs

A total of 34,832 lncRNAs were detected. Among them, 320 lncRNAs were differentially expressed in the LEMS group compared
to the control group. The number of differentially upregulated lncRNAs was 197, with ENST00000411554 being the most
signi�cantly upregulated at 3.67-fold. The number of differentially downregulated lncRNAs was 123, with ENST00000538934
being the most signi�cantly downregulated (fold change = 4.29).

A total of 168 differentially expressed mRNAs were identi�ed in the LEMS group compared to the control group. The number of
differentially upregulated mRNAs was 132, with uc003tgl.2 being the most signi�cantly upregulated (fold change = 3.92). The
number of differentially downregulated mRNAs was 36, with the 10.69-fold reduction in NM_004345 being the most signi�cant
downregulation (Figure 1). Based on the values of -log10 (P-value) and -log2 (fold change) of differentially expressed lncRNAs
and mRNAs, volcano maps were drawn (Figure 2).

Using joint analysis, we have found that 9 different lncRNA and their 11 neighboring mRNAs were differentially expressed in the
LEMS group compared to the control group (Table 2). We considered mRNAs within 300 KB upstream or downstream of the
lncRNA as their neighboring mRNAs. The results of joint analysis of differentially expressed lincRNAs and neighboring mRNAs
are showed in Table 3.

 

Table 2 Analysis of differentially expressed lincRNAs and neighboring mRNAs between patients with LEMS and healthy controls
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lncRNA Gene symbol Fold
change

P-
value

Regulation Relative
position

mRNA Nearby
gene
symbol

T357796 G084427 2.02 0.049 Up Downstream NM_003289 TPM2

ENST00000427872 RP11-439A17.4 1.97 0.028 Up Upstream NM_001017986 FCGR1B

NR_024397 NUTM2A-AS1 1.76 0.041 Up Upstream NM_004897 MINPP1

ENST00000452525 AC022201.4 1.64 0.045 Up Upstream NM_022173 TIA1

NR_034139 LOC338963 1.63 0.029 Up Downstream NM_004644 AP3B2

NR_034139 LOC338963 1.63 0.029 Up Upstream NM_001007122 FSD2

ENST00000538934 RP11-
807H22.6

4.29 0.032 Down Downstream NM_000802 FOLR1

ENST00000538934 RP11-
807H22.6

4.29 0.032 Down Upstream ENST00000442948 FOLR3

ENST00000422305 RP11-399E6.1 1.76 0.0169 Down Upstream NM_001031694 SCMH1

T153963 G035671 1.62 0.045 Down Downstream NM_001080466 BTBD17

NR_120479 LOC101930452 1.51 0.050 Down Downstream NM_002258 KLRB1

Validation of microarray results by qRT-PCR

Among the mRNAs differentially expressed in LEMS patients, AP3B2 and the protein it synthesizes are known to be abnormally
expressed in some nervous system diseases. Therefore, we focused on AP3B2 and its neighboring lncRNA LOC338963
(NR_034139) for further analysis. We used qRT-PCR to validate the microarray data using primers in the University of California,
Santa Cruz database that were synthesized by Shanghai Xianjun Biotechnology Co., Ltd (Shanghai, China) (Table 3). LOC338963
(NR_034139) and AP3B2 were upregulated by 2.07- and 2.15-fold, respectively, in the LEMS group compared to the control group
(Figure 3).

 

Table 3 PCR primers for LOC338963 (NR_034139) and AP3B2

Gene name Primers

LOC338963 F: 5' GGCTACTCGGGGATAAAGACTG 3'

R: 5' GTCCGTCGCTTCGCTCACT 3'

AP3B2 F: 5' CACCTGTCGGAGTGACCACATT 3'

R: 5' GTGCCAATCACCATTTTCTCG 3'

b-actin (H) F: 5' GTGGCCGAGGACTTTGATTG 3'

R: 5' CCTGTAACAACGCATCTCATATT 3'

F: forward; R: reverse

 

We further veri�ed the differential expression of LOC338963 (NR_034139) and AP3B2 using qRT-PCR on blood samples taken
from patients with either paraneoplastic LEMS (nine patients), non-tumor LEMS (eight), or SCLC (four) (Table 4). LOC338963
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(NR_034139) and AP3B2 were signi�cantly upregulated in the paraneoplastic LEMS group compared to both the non-tumor
LEMS and SCLC groups (Figure 4). LOC338963 (NR_034139) and AP3B2 were expressed at 2.34- and 5.06-fold, and 4.36- and
14.97-fold higher levels in patients with paraneoplastic LEMS than in the comparative groups, respectively.

 

Table 4 Clinical characteristics of patients with P-LEMS, N-LEMS and SCLC

  P-LEMS N-LEMS SCLC

Number of patients 9 8 4

Age (average ± SD) 65y±10 48y±17 63y±6

Sex (female/male) 5/4 4/4 1/3

Tumor Classi�cation/number SCLC/4   SCLC/4

  liver cancer/3    

  carcinoma of stomach/1    

  thymic tumor/1    

LEMS: Lambert-Eaton myasthenic syndrome; P-LEMS: paraneoplastic LEMS; N-LEMS: non-tumor LEMS; SCLC: small cell
carcinoma of lung

 

GO and KEGG analysis

GO analysis of differentially expressed mRNAs revealed the following categories: immune system processes, tissue development,
cellular defense response, natural killer cell-mediated immunity, and other functional pathways. Figures 5 and 6 show the top ten
mRNAs according to the enrichment scores for Molecular Function (blue), Biological Process (red), and Cellular Component
(green).

To infer the pathways in which the mRNAs participated, we performed KEGG enrichment analysis (Table 5 and Figure 7-8). The
number of downregulated mRNAs was relatively small, so there were fewer enrichment pathways compared to those related to
the upregulated mRNAs. KEGG analysis indicated that lncRNAs were mostly related to 12 biological information pathways,
mainly focusing on antigen processing and presentation, natural killer cell-mediated cytotoxicity, longevity regulation, oxytocin
signaling pathway, primary immune de�ciency, glutathione synapse, salt resistance, and endocytosis.

GO analysis of AP3B2 and its interacting proteins showed that the main Biological Process enrichment terms were anterograde
synaptic vesicle transport (Enrichment Score =15.80410035) and establishment of synaptic vesicle localization (Enrichment
Score =12.86966623). The Cellular Component enrichment terms were AP-type membrane coat adaptor complex (Enrichment
Score = 14.29073004) and axon cytoplasm (Enrichment Score = 14.19449914). The Molecular Function enrichment term was
transporter activity (Enrichment Score = 1.468521083). KEGG analysis of AP3B2 and its interacting proteins revealed that AP3B2
was enriched into Lysosome pathways (Figure 9).

 

Table 5 Signi�cantly different KEGG pathways in patients with LEMS versus healthy control
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Pathways Genes P-value

Antigen processing and presentation CD8B//KLRC1//KLRC2//KLRC3//KLRD1 0.00

Natural killer cell-mediated cytotoxicity KLRC1//KLRC2//KLRC3//KLRD1//KLRK1 0.00

Malaria CD40LG//KLRB1//KLRK1 0.00

Glutamatergic synapse ADCY1//HOMER3//PLA2G4C//SLC1A7 0.01

Longevity regulatory pathway ADCY1//IRS1//PRKAB2 0.01

Oxytocin signaling pathway ADCY1//CD38//PLA2G4C//PRKAB2 0.01

Longevity regulatory pathway ADCY1//IRS1//PRKAB2 0.02

Primary immunode�ciency CD40LG//CD8B 0.02

Hematopoietic cell lineage CD38//CD8B//FCGR1A 0.02

Graft-versus-host disease KLRC1//KLRD1 0.03

Antifolate resistance FOLR1//FOLR3//IZUMO1R 1.42

Endocytosis FOLR1//FOLR3//IZUMO1R 0.01

Discussion
Using microarray-based expression pro�ling, we identi�ed differentially expressed lncRNA and mRNA (including LOC338963
(NR_031439) and mRNA AP3B2) in LEMS patients. We veri�ed the upregulation of LOC338963 (NR_031439) and mRNA AP3B2
in patients with LEMS using qRT-PCR. Furthermore, joint lncRNA and mRNA analysis showed that AP3B2 was the neighboring
mRNA of LOC338963 (NR_031439) lncRNA. Through GO and KEGG pathway enrichment analysis we predicted that AP3B2 might
be involved in the pathogenesis of LEMS by participating in the lysosomal pathway. Thus, we have uncovered that plasma
LOC338963 (NR_031439) and AP3B2 might be useful as potential biomarkers for LEMS.

More than 70% of the human genome is transcribed and most of the transcribed DNA encodes lncRNAs[13]. Though the function
of most lncRNAs have not been determined, many have been shown to play diverse roles in gene transcription and protein
regulation. They can control target genes expression at the transcriptional and post-transcriptional level[14]. In fact, lncRNAs play
critical roles in nearly all biological systems, including the immune system. Autoimmune diseases refer to heterogeneous
disorders caused by immune responses to autoantigens. Increasing data has found that lncRNAs are important regulator of
innate and acquired immune response, though the speci�c mechanisms are still unclear[15, 16]. lncRNAs might regulate the
immune system through several mechanisms and participate in human autoimmune disease[17, 18]. Although the clinical features
and pathogeneses of each autoimmune diseases are considerably different, lncRNAs have recently been shown to regulate the
immune system and might speci�cally participate in these diseases[18, 19]. Indeed, lncRNAs have been found to play critical roles
in the pathogenesis of human autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus, multiple
sclerosis, and type 1 diabetes mellitus[18]. However, no previous studies have linked lncRNAs with LEMS.

In this study, we used microarray-based expression pro�ling technology, which can simultaneously detect lncRNAs and mRNAs,
to explore RNAs changes. A total of 320 lncRNAs (197 upregulated and 123 downregulated) and 168 mRNAs (132 upregulated
and 36 downregulated) were found to be differentially expressed in patients with LEMS compared to healthy controls. To infer
the function of lncRNAs, their neighboring mRNAs (< 300 kb) are typically selected for joint analysis[25]. We used this approach to
study 9 different lncRNAs and 11 neighboring mRNAs. We predicted that the 11 mRNAs might be associated with the
pathogenesis of LEMS. Then GO and KEGG enrichment analysis was performed to further study the function of the differentially
expressed mRNAs. GO enrichment analysis revealed the following categories: immune system processes, tissue development,
cellular defense response, natural killer cell-mediated immunity, and other regulatory and control functions. KEGG enrichment
analysis revealed that the 11 mRNAs may be associated with 12 biological information pathways, mainly focusing on antigen
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processing and presentation, natural killer cell-mediated cytotoxicity, longevity regulation, oxytocin signaling pathway, primary
immune de�ciency, glutathione synapse, salt resistance, and endocytosis. In summary, these analyses indicated that the overall
differential mRNA expression in patients with LEMS was mainly related to immune regulation and response.

The main autoimmune attack target of LEMS is P/Q type VGCC[20, 21]. Interestingly, we found that among the proteins encoded
by the selected 11 mRNAs, AP3B2 was included. AP3B2 is a heterotrimeric protein complex that is involved in the formation of
cypermethrin-encapsulated synaptic vesicles[30]. The encoded subunit binds to cypermethrin and is phosphorylated by casein
kinase-like protein, which mediates the assembly of the synaptic vesicle shell. Its related pathways include ataxia mutant
proteins and lysosomes. AP3B2 is highly expressed in the nervous system of normal human tissues and is considered to serve
neuron-speci�c functions[31]. The diseases related to AP3B2 include epileptic encephalopathy[32], systemic lupus
erythematosus[33], and immune cerebellar ataxia[34]. AP3B2 is also related to gait abnormalities caused by immune-related
nervous system damage[36]. Patients with paraneoplastic LEMS are prone to immune-related cerebellar ataxia, which may be
accompanied by P/Q or N VGCC antibodies. Due to these similarities between LEMS and AP3B2 related diseases, we predicted
that AP3B2 might be related to LEMS. To the best of our knowledge, this is the �rst study involving AP3B2 and LEMS. Our study
establishes the upregulation of AP3B2 in patients with paraneoplastic LEMS, and proposes that AP3B2 may participate in the
immune regulation mechanisms of paraneoplastic LEMS.

Then LOC338963 (NR_031439) and its adjacent mRNA AP3B2 were selected for quantitative veri�cation in order to prove our
predication. The qRT-PCR results showed that both transcripts were upregulated in LEMS, providing an experimental basis for
future studies investigating their speci�c regulatory mechanisms. In this study, we found AP3B2 was upregulated in LEMS
patients with SCLC. Therefore, to further analyze the relationship between LEMS and AP3B2, future research will need to exclude
the possibility that the high levels of AP3B2 are caused by SCLC.

By searching the Cancer Cell Line Encyclopedia (https://portals.broadinstitute.org/ccle) for known correlations between AP3B2
and cancer, we found that expression of AP3B2 in different types of tumors is tissue-speci�c, which can be seen in
neuroblastoma, SCLC, and medulloblastoma. We used the Oncoming database (https://www.oncoming.org/) to analyze
differential expression of AP3B2 in clinical cases of SCLC and normal control samples. We screened the data of 11 samples
from two institutions (Garber Lung and Bhattacharjee Lung). Abnormal expression of the gene in some SCLC patients was found,
with �ve cases screened by Garber Lung showing up-regulated expression of AP3B2 (fold change = 1.622; P = 0.030). Six patients
screened in Bhattacharjee Lung showed downregulated expression of AP3B2 (fold change = -3.957; P = 1.000). These
inconsistencies provide reference for follow-up studies. In the current study, we analyzed the expression of LOC338963
(NR_031439) and AP3B2 in patients with paraneoplastic LEMS, non-tumor LEMS and SCLC. We found signi�cant differences in
expression levels between paraneoplastic LEMS and both non-tumor LEMS and SCLC. Combined with the quantitative
expression results of AP3B2 in paraneoplastic LEMS, we speculate that the expression level of this gene may be related to
paraneoplastic LEMS. LOC338963 (NR_031439) may participate in the pathogenesis of paraneoplastic LEMS associated with
SCLC by regulating the expression of AP3B2.

Conclusions
In conclusion, our experiments have identi�ed lncRNA LOC338963 (NR_034139) and its adjacent mRNAAP3B2 as potential
diagnostic biomarkers for paraneoplastic LEMS. These two genes could also serve as candidates for future studies aimed at
investigating the molecular regulatory mechanisms behind paraneoplastic LEMS.

Abbreviations
AP3B2: adaptor protein 3, subunit B2

GO: Gene Ontology

KEGG: Kyoto Encyclopedia of Genes and Genomes
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LEMS: Lambert–Eaton myasthenic syndrome

lincRNA: long intergenic non-coding RNA

lncRNA: long non-coding RNA

mRNA: messenger RNA

NMJ: neuromuscular junction

qRT-PCR: quantitative real-time polymerase chain reaction

VGCC: voltage-gated calcium channel
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Figures

Figure 1

Long non-coding RNA (lncRNA) and messenger RNA (mRNA) expression pro�les. Red represents upregulation and green
represents downregulation of relative expression level. Hierarchical clustering of (A) lncRNA and (B) mRNA pro�les of patients
with Lambert–Eaton myasthenic syndrome (LEMS1–LEMS3) and healthy controls (Ctrl1–N3) (fold change ≥ 1.5; P < 0.05).
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Figure 2

Long non-coding RNA (lncRNA) and messenger RNA (mRNA) differential expression analysis. Volcano plots show the differences
between (A) lncRNA and (B) mRNA expression in patients with Lambert–Eaton myasthenic syndrome versus healthy controls.
The relative expression level increases from green to red (fold change ≥ 1.5; P < 0.05).
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Figure 3

qRT-PCR validation of lncRNA and mRNA microarray analysis. Fold-change in comparison of LEMS group versus C group.
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Figure 4

qRT-PCR validation of lncRNA and mRNA microarray analysis. Fold-change in comparison of paraneoplastic LEMS versus non-
tumor LEMS and SCLC. *P < .05, **P < .005.
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Figure 5

Differentially upregulated messenger RNAs (mRNAs) per Gene Ontology category in patients with Lambert–Eaton myasthenic
syndrome compared to healthy controls.
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Figure 6

Differentially downregulated messenger RNAs (mRNAs) per Gene Ontology category in patients with Lambert–Eaton myasthenic
syndrome compared to healthy controls.
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Figure 7

Differentially upregulated messenger RNAs (mRNAs) per Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway in patients
with Lambert–Eaton myasthenic syndrome compared to healthy controls.

Figure 8

Differentially downregulated messenger RNAs (mRNAs) per Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway in
patients with Lambert–Eaton myasthenic syndrome compared to healthy controls.
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Figure 9

Go and KEEG analysis of AP3B2.


