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Multiple myeloma (MM) is the second most common tumor of the hematologic system. MM remains incurable at this time. In this study, we used bioinformatics analysis to find key genes in the pathogenesis of MM. We first found that Lysosome associated membrane protein 5 (LAMP5) expression was sequentially increased in healthy donors (HD), monoclonal gammopathy of undetermined significance (MGUS), smoldering multiple myeloma (SMM) and newly diagnosed MM (NDMM), relapsed MM (RMM). We collected bone marrow from patients with NDMM, HD and post-treatment MM (PTMM) and performed qPCR analysis of LAMP5, and found that the expression of LAMP5 is stronger in NDMM than in HD, and decreases after treatment. Western blotting assay also found more expression of LAMP5 in NDMM than in HD. Patients with high LAMP5 expression have a higher DS (Durie-Salmon) stage and worse prognosis. We next verified the expression of LAMP5 in four MM cell lines and silenced LAMP5 expression in RPMI-8226 and AMO-1, and explored the effects of LAMP5 silencing on MM cell apoptosis and cell cycle by flow cytometry and western blotting. Knockdown of LAMP5 promoted apoptosis in MM cells, but had no effect on the cell cycle. Mechanistically, LAMP5 may exert its pro-tumor effects in MM in part through activation of p38 protein. We screened LAMP5 for the first time as a key gene for MM progression and recurrence, and found that LAMP5 may exert its pro-tumor effects in MM through activation of p38 protein.
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INTRODUCTION
Multiple myeloma (MM) is the second most common hematologic tumor characterized by an abnormal expansion of monoclonal plasma cells leading to monoclonal protein production and end organ damage (1, 2). Approximately 176,404 people worldwide are diagnosed with MM in 2020 (3). The most prominent clinical manifestations of MM are hypercalcemia, renal failure, anemia, and bone lesions (4). The emergence of treatments such as autologous hematopoietic stem cell transplantation, immunomodulatory drugs, proteasome inhibitors, daratumumab and chimeric antigen receptor T cells has greatly improved the treatment of MM, but MM is still an incurable tumor, and many MM patients will experience disease recurrence after achieving complete remission(5, 6). Abnormal gene expression is one of the main factors in the development and progression of MM (7). Years to decades before being diagnosed with MM, almost all patients can be diagnosed with monoclonal gammopathy of undetermined significance (MGUS) or smoldering multiple myeloma (SMM) (2). Genetic and epigenetic aberrations are not only present in MM but can also be present in MGUS and SMM (8). Single-cell sequencing for newly diagnosed and relapsed MM also showed that some genes (SMAD1 and STMN1, among others) are associated with MM progression and relapse (9).
Lysosome associated membrane protein (LAMP) can affect cellular processes such as phagocytosis, autophagy, lipid transport and senescence, and plays a role in cancers(10). LAMP5, also known as brain and dendritic cell-associated lysosome-associated membrane protein (BAD-LAMP), is a member of the LAMP family (11). LAMP5 expression in mice is confined to neurons, and LAMP5 interneuron deletion causes neural network dysfunction in Alzheimer’s disease (11, 12). In humans, LAMP5 is expressed in the type I IFN-producing plasmacytoid dendritic cells (pDCs), and LAMP5 in pDCs leads to nuclear transcription factor-kappa B (NF-κB) activation and tumor necrosis factor (TNF) production upon deoxyribonucleic acid (DNA) detection (11, 13). We all know that NF-κB activation can lead to the development and progression of MM (14). LAMP5 also plays an essential role in a variety of tumors. In gastric cancer, LAMP5 was upregulated in metastatic tissues, and LAMP5 knockdown significantly inhibited gastric cancer cell proliferation, invasion and migration, and increased apoptosis, cell cycle arrest and cancer stemness (15). LAMP5 also plays an important role in hematologic tumors. The expression of LAMP5 was significantly elevated in blastic plasmacytoid dendritic cell neoplasm (16). LAMP5 is highly and specifically expressed in mixed lineage leukemia-rearranged (MLL-r) leukemias and is associated with poor prognosis, and downregulation of LAMP5 leads to inhibition of NF-kB signaling and increased activation of type 1 interferon signaling downstream of Toll-like receptor/interleukin 1 receptor activation (17, 18).
In this study, we analyzed the GSE6477 dataset to identify differentially expressed genes (DEGs) between newly diagnosed MM (NDMM) and healthy donors (HD) (19, 20), NDMM and relapsed MM (RMM), and found that lysosome associated membrane protein 5 (LAMP5) may have an important role in the occurrence and relapse of MM. Our subsequent study demonstrated that LAMP5 expression was upregulated in NDMM compared to HD and correlated with poor prognosis, while post-treatment MM (PTMM) showed decreased expression of LAMP5 compared to NDMM. Knockdown of LAMP5 induced apoptosis in MM cells, which may act by reducing the expression of P38 protein, but knockdown of LAMP5 had no effect on the cell cycle of MM. Based on these findings, we suggest that LAMP5 is a key gene in the occurrence of MM and plays a tumor-promoting role in MM, with a mechanism of action exerted in part through activation of the P38 protein.
MATERIALS AND METHODS
Ethics statement
The Ethics Committees of The Affiliated Hospital of Southwest Medical University have reviewed and certified our study (2022A-87). Written informed consents were obtained from patients prior to participation in this study.
Database
Expression profiles were downloaded from the Gene Expression Omnibus (GEO) database (www.ncbi.nim.nih.gov/geo/). The screening of DEGs of HD with NDMM and NDMM with RMM were obtained from GSE6477, and the expression of LAMP5 in HD, MGUS, SMM, NDMM, and RMM were obtained from GSE6477 (19). The effect of LAMP5 on MM survival was obtained from GSE4581.
DEGs identification and survival analysis
We used the GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) online tool to compare different samples in the GEO database to find DEGs for both datasets. DEGs between NDMM and HD, and between RMM and NDMM samples were screened by GEO2R. The Benjamini-Hochberg false discovery rate method was adopted and the adjusted p-value (adj. p) was used to correct the false positive results. The |log fold change (FC)|>1.2 and adj. p< 0.05 were used as cut-off criteria for screening DEGs. We uploaded the expression data of DEGs to GraphPad Prism (v8.0.1) to make heat maps. Survival data of MM patients were obtained from GSE4581, with median values of LAMP5 expression as cut-off, divided into LAMP5 high and low expression groups, and Kaplan-Meier survival analysis was performed using GraphPad Prism (v8.0.1).
Patient samples
32 NDMM patients, 20 PTMM patients who achieved complete remission (CR) after four courses of chemotherapy were included in this study. 11 HDs were patients with iron deficiency anemia excluding tumors. NDMM, PTMM and HD did not differ in general information such as age and gender. The patients' bone marrow was handled in a manner consistent with our previous study (21). Briefly, mononuclear cells were isolated from the bone marrow of MM patients and HD by density gradient centrifugation and stored in a −80°C refrigerator (Haier, China, DW-86L728J) after adding 1 mL of Trizol reagent (TIANGEN, China, DP424). We studied 32 NDMM patients according to LAMP5 expression, divided into LAMP5high and LAMP5low groups based on the median expression of LAMP5, and analyzed the differences in clinical data between the two groups.
Cell culture, antibodies and reagents
Human MM cell lines RPMI-8226, U266, H929 and AMO-1 were purchased from Procell Life Science and Technology Co., LTD. (Wuhan, China). Cell lines were cultured in RPMI-1640 medium (Tianjin Hao Yang Hua Ke Biotechnology Co., Ltd., China, HY1640) supplemented by 10% fetal bovine serum (FBS, ABW, Germany, AB-FBS-0060S). Cell lines were kept in 5% CO2 in an incubator at 37°C and passed when the cell density reached 106/mL.
The antibodies used in this study. Rabbit anti-LAMP5 (ImmunoWay Biotechnology, China), Rabbit anti- cyclin-dependent kinase (CDK) 4 (Cell Signaling Technology, USA, 12790), rabbit anti-Cyclin D(CCND) 1 (Proteintech, USA, 26939-1-AP), rabbit anti- Cyclin B (CCNB) 1 (Cell Signaling Technology, USA, 12231), rabbit anti- Phospho- cyclin-dependent kinase 1(P-CDK 1) (Cell Signaling Technology, USA, 4539), mouse anti- B cell lymphoma 2 (BCL2) (Cell Signaling Technology, USA, 15071), rabbit anti-BCL2-Associated X (BAX) (abcam, England, ab32503), rabbit anti-Cleaved Caspase-3 (Cell Signaling Technology, USA, 9664), rabbit anti-extracellular signal-regulated kinase (ERK) 1 (phospho T202) + ERK2 (phospho T185) (abcam, England, ab201015), rabbit anti-phospho- mitogen and stress-activated protein kinase (MSK) 1 (Thr581) (Cell Signaling Technology, USA, 9595), rabbit anti-p38(phospho T180) (abcam, England, ab178867), rabbit anti-NF-κB p65 (phospho S276) (abcam, England, ab183559), rabbit anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Hangzhou HuaAn Biotechnology Co.,Ltd., China, ET1601-4), Goat Anti-Rabbit IgG (Easybio, China, BE0101-100), Goat Anti-Rabbit IgG (Easybio, China, BE0101-100), mouse anti-β-actin (Beijing zhongshan Jinqiao Biotechnology Co., Ltd., China, 211050604), mouse anti-β-Tubulin(Cell Signaling Technology, USA, 86298).
RNA isolation and quantitative RT-PCR (qPCR) assay
The methods, reagents and instruments for RNA extraction and qPCR were the same as in our previous study (21). Briefly, total RNA is isolated using Trizol, reverse transcribed into cDNA, primers are added and detected using the ThermoFisher 7500 real time PCR system. With glyceraldehyde-3-phosphate dehydrogenase (GAPDH) serving as the internal control gene, qPCR was performed with triplicates and relative expression of each target gene was calculated with means of 2−ΔΔCT method. The primer sequences for LAMP5 are as follows. Forward (5′–3′): CCC​CTG​ATT​TTG​GGG​CTC​AT, Reverse (5′–3′): TAC​TGG​GAT​CTG​TCC​CGA​GG. The primer sequences for GAPDH are as follows. Forward (5′–3′): GGA​AGC​TTG​TCA​TCA​ATG​GAA​ATC, Reverse (5′–3′): TGA​TGA​CCC​TTT​TGG​CTC​CC.
Cell transfection
SiRNA targeting LAMP5 (SiLAMP5) and siRNA negative control (SiNC) were acquired from Genepharma (Shanghai, China). Briefly, 3 × 105 cells were plated in 6-well plates, and Lipofectamine 2000 (Invitrogen) was used for siRNA transfection(21). After 24 h of transfection, the medium was replaced, flow cytometry was performed after 48 h of transfection, and western blot was performed after 72 h of transfection. The sequences of SiRNA are in Table 1.
TABLE 1 | Sequences of SiRNA used in this study.
[image: Table 1]Cell apoptosis analysis
Cells were collected 48 h after transfection and washed once with phosphate buffer saline (PBS). Cell suspension was mixed with 5 μL Annexin V-APC and 10 μL 7-AAD (Multi sciences, China, AP105) for 15 min in a dark room (21). Then apoptotic cells were detected by flow cytometry (Cytoflex, Beckman Coulter, USA).
Cell cycle analysis
Cells were collected 48 h after transfection and washed once with cold PBS, then resuspended and fixed with 70% cold ethanol in 4°C overnight. The cells were washed again with cold PBS, stained with a mixture of 1 mL PI and RNase A (Multi sciences, China, CCS012), and incubated in darkness at room temperature for 30 min (21). Then cell cycle was analyzed by flow cytometry (Cytoflex, Beckman Coulter, USA).
Western blot assay
Total proteins were extracted 72 h after transfection and used the BCA method to detect protein concentrations. 30 ug protein lysates were separated into 10% SDS-PAGE gels and transferred onto 0.45 μm polyvinylidene fluoride (PVDF) membranes (Millipore, Italy, IPVH00010). Membranes were blocked with QuickBlockTM Western sealed liquid (Beyotime, China, P0252-100 mL), followed by incubation with specific primary antibodies and corresponding second antibodies (21). At last, the enhanced chemiluminescence reagent (Biosharp, China, BL520A) was used to detect the protein expression, and images were obtained by the automatic chemiluminescence image processing system (Tanon 5200 Multi, Shanghai, China)(21). We used ImageJ software to determine the grayscale values of protein expression. Ratio of the gray value of target bands to that of the internal reference β-tubulin or β-actin band represents the relative protein expression.
Statistical analysis
GraphPad Prism 8.0 software was used for statistical analysis. The figures were drawn in GraphPad Prism 8.0. Values are expressed as mean and standard deviation. Categorical variables were compared using fisher’s exact test. Numerical variables were compared using Student’s t-test. Survival analysis was performed using the Kaplan-Meier method. p < 0.05 was considered statistically significant.
RESULTS
DEGs identification and heat maps
After the analysis of the GSE6477 dataset, we identified 657 downregulated genes and 332 upregulated genes in NDMM vs. HD, and 6 downregulated genes and 6 upregulated genes in RMM vs. NDMM. We produced heat maps of the top50 DEGs for NDMM vs. HD and the full DEGs for RMM vs. NDMM (Figures 1A, B). The intersection genes of the two groups of DEGs are in Figure 1C. The downregulated intersection genes of the two groups of DEGs were immunoglobulin heavy chain alpha 2 (IGHA2) and baculoviral IAP repeat containing 3 (BIRC3), and the upregulated intersection genes were interferon regulatory factor (IRF) 4, sodium voltage-gated channel alpha subunit 3 (SCN3A) and LAMP5. Figure 1D shows the expression of SCN3A, IRF4, BIRC3, LAMP5 and IGHA2 in HD, MGUS, SMM, NDMM and RMM. LAMP5 shows the highest overall expression level and is more expressed in MGUS than HD, more expressed in SMM and NDMM than MGUS, and more expressed in RMM than NDMM, so we chose LAMP5 for the subsequent validation experiments.
[image: Figure 1]FIGURE 1 | Screening of key genes for MM progression and recurrence. (A) The first 50 DEGs between NDMM and HD. (B) DEGs between RMM and NDMM. The change in color from green to red indicates a low to high level of gene expression. (C) The intersecting genes of the two groups of DEGs. (D) Expression of SCN3A, IRF4, BIRC3, LAMP5 and IGHA2 in HD, MGUS, SMM, NDMM, RMM (gene expression data from GSE6477). DEGs: differentially expressed genes, NDMM: newly diagnosed MM, HD: healthy donors, RMM: relapsed MM, MGUS: monoclonal gammopathy of undetermined significance, SMM: smoldering multiple myeloma.
LAMP5 expression is upregulated in MM and correlates with poor prognosis
We first analyzed the effect of LAMP5 in GSE4581 on the survival of NDMM patients, and divided NDMM into live and dead groups, and patients in the dead group had higher expression of LAMP5, and the difference was statistically significant (Figure 2A). We divided NDMM into LAMP5 high expression group and LAMP5 low expression group, and the mortality rate of LAMP5 high expression group and LAMP5 low expression group were 23.19% and 14.98%, respectively, and the difference was statistically significant (Figure 2B). Survival analysis was performed and we found that LAMP5 high expression group had worse prognosis, and the difference was statistically significant (Figure 2C). We next verified the expression of LAMP5 in HD, NDMM, and PTMM using qPCR. We found that the expression of LAMP5 was higher in NDMM than in HD, whereas the expression of LAMP5 was lower in PTMM than in NDMM, and the difference was statistically significant (Figure 2D). The general clinical data of the three groups are as follows (Table 2).
[image: Figure 2]FIGURE 2 | LAMP5 is highly expressed in MM and associated with poor prognosis. (A) The expression of LAMP5 was higher in patients in the dead group than in those in the living group. (B) Mortality in patients with high and low LAMP5 expression groups. (C) Survival analysis showed that patients in the LAMP5 high expression group had a worse prognosis. The above gene expression and survival data of MM patients were obtained from GSE4581. (D) qPCR showed the expression of LAMP5 in HD, NDMM, and PTMM. (E) Western blot assay to detect LAMP5 expression in NDMM and HD. (F) Histogram of relative expression of LAMP5 in NDMM versus HD patients. (G) The difference in expression of LAMP5 between NDMM and HD was statistically significant. *p < 0.05, **p < 0.01, ***p < 0.0005. HD: healthy donors, NDMM: newly diagnosed MM, PTMM: post-treatment MM.
TABLE 2 | Comparison of the general information of NDMM, PTMM and HD.
[image: Table 2]We summarized the correlation between high and low expression of LAMP5 gene and clinicopathological characteristics of MM patients (Table 3). With the exception of DS stage, there was no significant difference for any of the parameters.
TABLE 3 | Correlation of LAMP5 expression with clinicopathological characteristics of MM patients in the validation cohort.
[image: Table 3]We next examined the expression of LAMP5 protein in 5 NDMM and 3 HD using western blot and found that the expression of LAMP5 protein was also higher in NDMM than in HD (Figures 2E–G).
Expression of LAMP5 in MM cell lines and knockdown of LAMP5
We next examined the expression of LAMP5 in four MM cell lines, RPMI-8226, AMO-1, H929 and U266, and found that LAMP5 expression was highest in RPMI-8226 and AMO-1, followed by H929 and lowest in U266 (Figure 3A). We selected RPMI-8226 and AMO-1 for the follow-up experiments. We used four different siRNA sequences for cell transfection and found that si3 and si4 were the most efficient in reducing LAMP5 expression, so we selected these two sequences for the next experiments (Figures 3B, C).
[image: Figure 3]FIGURE 3 | Expression of LAMP5 in MM cell lines and screening of siRNA for knockdown of LAMP5. (A) Expression of LAMP5 in RPMI-8226, AMO-1, H929 and U266. (B,C) We used 4 different siRNA sequences to interfere with LAMP5 expression in MM cell lines and found that si3 and si4 were the most efficient. *p < 0.05, **p < 0.01, ***p < 0.0005, ns: no significance.
Knockdown of LAMP5 gene promotes apoptosis in MM cells
We interfered with the expression of LAMP5 gene in RPMI-8226 and AMO-1 and then detected apoptosis using flow cytometry, and the apoptosis rate was increased in both si3 and si4 groups in both cell lines compared to siNC. In RPMI-8226, the apoptosis rate was 28.44% ± 1.53% for siNC and 33.39% ± 1.17% and 34.80% ± 0.44% for si3 and si4, respectively, while in AMO-1, the apoptosis rates were 33.05% ± 3.74%, 43.34% ± 4.27% and 44.52% ± 1.47% for siNC, si3 and si4, respectively (Figure 4A). Our experiment was repeated three times. The differences were statistically significant. In both cell lines, knockdown of LAMP5 increased the expression of the pro-apoptotic protein bax, downregulated the expression of the anti-apoptotic protein bcl-2, and upregulated the expression of cleaved caspase3 (Figure 4B). Therefore, we concluded that knockdown of LAMP5 gene could lead to apoptosis in MM cells.
[image: Figure 4]FIGURE 4 | Knockdown of LAMP5 in MM promotes apoptosis. (A) Apoptosis rates were detected using flow cytometry and were increased in the si3 and si4 groups compared to siNC. (B) The expression of apoptosis-related proteins was detected using western blot, and the expression of Bax and cleaved-caspase3 proteins was increased and Bcl-2 protein expression was decreased in the si3 and si4 groups compared to siNC. *p < 0.05, **p < 0.01, ***p < 0.0005.
Knockdown of LAMP5 gene has no effect on the cell cycle of MM cells
We next explored the effect of knocking down the LAMP5 gene on the MM cell cycle. We first performed flow cytometry to detect cell cycle and we found that the proportion of cells in each cell cycle phase did not change much in both si3 and si4 groups compared to siNC. In RPMI-8226, the proportions of G0/G1 phase, G2/M phase and S phase cells were 53.94% ± 1.36%, 11.12% ± 2.87% and 34.93% ± 2.17% in the siNC group, 51.53% ± 3.67%, 12.65% ± 3.68% and 35.82% ± 0.55% in the si3 group, respectively, while 52.67% ± 2.71%, 11.54% ± 3.56% and 35.78% ± 1.66% in the si4 group, respectively (Figure 5A). In AMO-1, the proportions of G0/G1, G2/M and S-phase cells were 59.00% ± 5.43%, 8.20% ± 0.88% and 32.79% ± 5.41% in the siNC group, 54.43% ± 0.53%, 8.07% ± 1.15% and 37.51% ± 0.71% in the si3 group, respectively, while 56.85% ± 1.03%, 8.07% ± 1.09% and 35.07% ± 1.93% in the si4 group, respectively (Figure 5A). We next examined the expression of key cell cycle proteins CCND1 and CDK4 in G0/G1 phase and CCNB1 and CDK1 in G2/M phase and found that the four cell cycle proteins were also not statistically different in each of the 3 groups (Figure 5B). Knockdown of the LAMP5 gene had no effect on the MM cell cycle.
[image: Figure 5]FIGURE 5 | Knockdown of LAMP5 expression had no effect on the MM cell cycle. (A) Flow cytometry was used to examine the cell cycle and found no significant changes in the proportion of cells in each cell cycle phase for SiNC, si3 and si4. (B) The expression of cell cycle-associated proteins was detected using western blot. The expression of cell cycle-related proteins CCND1, CDK4, CCNB1 and p-CDK1 did not change significantly in the three groups. ns: no significance.
Knockdown of LAMP5 reduces P38 protein expression in MM
To explore the mechanism of LAMP5 promoting apoptosis in MM cells, we examined the expression of four proteins, p-ERK1/2, p38, p-MSK1, and p-NF-κB. We found that knockdown of LAMP5 in RPMI-8226 and AMO-1 decreased the expression of p38 protein, and the difference was statistically significant (Figure 6). However, knockdown of LAMP5 had no effect on the expression of three proteins, p-ERK1/2, p-MSK1, and p-NF-κB (Figure 6). Knockdown of LAMP5 may promote apoptosis in MM cells by reducing the expression of p38 protein.
[image: Figure 6]FIGURE 6 | LAMP5 may exert its pro-tumor effects partly through P38 protein. (A–C) Knockdown of LAMP5 expression in MM cell lines showed a decrease in p38 protein expression as well, but p-NFκB, p-msk1 and p-ERK1/2 protein expression did not show statistically significant changes in the three groups. *p < 0.05, **p < 0.01, ns: no significance.
DISCUSSION AND CONCLUSION
Almost 200 years after MM was first reported in 1844, awareness of MM has gradually increased (22). MM is a progressive disease in which genetic alterations occurring in the germinal centers are not sufficient to cause myeloma, but rather give cell proliferative potential to normally non-dividing plasma cells, a pre-malignant state known as MGUS, an asymptomatic stage, followed by an intermediate stage, SMM, and eventually progressing to symptomatic NDMM (22). MGUS is present in approximately 2% of people over 50 years of age, and MGUS progresses to MM at a rate of 1% per year (23, 24). Globally, cases of incident and death from MM have more than doubled in the last 30 years (25). At the beginning of this century, the average overall survival of MM patients was about 3 years, when the main therapeutic agents were bortezomib, lenalidomide and thalidomide (26). The subsequent application of treatments including daratumumab, chimeric antigen receptor T cells, autologous hematopoietic stem cell transplantation, and bispecific T-cell engagers has greatly improved the survival of MM patients (27, 28, 29). However, regardless of the improvement in treatment modalities, MM is still an incurable tumor and it is inevitable that patients will experience recurrence. Genetic alterations leading to malignant cloning of plasma cells are one of the main pathogenic mechanisms of MM, and the treatment of MM patients needs to be individualized based on molecular characteristics (22, 30).
In this study, we tried to find DEGs in NDMM compared to HD, and also in RMM compared to NDMM, where alterations in these genes may lead to MM progression and recurrence. We finally identified 2 downregulated intersectional DEGs, IGHA2 and BIRC3, and 3 upregulated intersectional DEGs, IRF4, SCN3A, LAMP5. BIRC3, IRF4 have been studied in MM (31, 32). LAMP5 expression was the highest among these genes and was progressively higher as MM progressed. MGUS had higher LAMP5 expression than HD, SMM and NDMM had higher LAMP5 expression than MGUS, while RMM had the highest LAMP5 expression. LAMP5 has not been studied in MM, so we chose LAMP5 for the follow-up study. We collected bone marrow from patients with NDMM, HD and PTMM and performed qPCR analysis of LAMP5, and found that the expression of LAMP5 was higher in NDMM than in HD, and decreased after treatment. Western blotting assay also found more expression of LAMP5 in NDMM than in HD. This is also consistent with the expression of the GSE6477 data. Combined with the survival data of MM in GSE4581, we found that the survival of patients with high expression of LAMP5 was lower than that of the low expression group. We summarized the correlation between high and low expression of LAMP5 gene and clinicopathological characteristics of MM patients. With the exception of DS stage, there was no significant difference for any of the parameters. LAMP5 may be one of the key genes in the development of MM as well as its recurrence.
Our next experiments showed that interference with LAMP5 gene expression in MM cell lines promoted apoptosis in MM cells, but had no effect on the cell cycle. The mechanism by which silencing LAMP5 in MM cells leads to increased apoptosis is by increasing the expression of the pro-apoptotic protein Bax and decreasing the expression of the anti-apoptotic protein BCL-2, suggesting that silencing LAMP5 inhibits MM cell apoptosis in part through the mitochondrial pathway of apoptosis. So what is the mechanism by which LAMP5 promotes MM progression? In MLL leukemia, LAMP5 is associated with poor prognosis, and interference with LAMP5 expression reduces the expression of p38 and p-NF-κB (17, 18). NF-κB signaling pathway is closely related to the pathogenesis of MM, and p38, MSK1, and ERK1/2 proteins are associated with NFκB expression (14, 33–35). Therefore, we selected p38, p-MSK1, p-NFκB, and p-ERK1/2 for the assay to determine whether knockdown of LAMP5 in MM would act through the above proteins. We found that in MM LAMP5 exerts its pro-oncogenic effect probably through activation of p38, but p-MSK1, p-NF-κB, and p-ERK1/2 did not show changes in expression in our study. In MM, P38 plays a pro-cancer role (36, 37). P38 regulates osteoclast and osteoblast activity in MM and induces bone destruction, and inhibition of p38 expression reduces MM bone disease (38).
In conclusion, we have explored for the first time the role and mechanism of action of LAMP5 in MM. The expression of LAMP5 gradually increased with the progression of MGUS to SMM, NDMM, and RMM, and high expression of LAMP5 was associated with poor prognosis of MM. Knockdown of LAMP5 induces apoptosis in MM cells, which may act in part by decreasing the expression of p38 protein, and LAMP5 may become a new therapeutic target for MM.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by The Ethics Committees of The Affiliated Hospital of Southwest Medical University. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
TM and YC performed the majority of the experiments and wrote the manuscript. YC collected clinical samples and information. TM initiated, designed the research and revised the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
The present study was supported by grants from Natural Science Foundation of Sichuan Province (2022NSFSC1595).
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.por-journal.com/articles/10.3389/pore.2023.1611083/full#supplementary-material
REFERENCES
 1. Das, S, Juliana, N, Yazit, NAA, Azmani, S, and Abu, IF. Multiple Myeloma: Challenges Encountered and Future Options for Better Treatment. Int J Mol Sci (2022) 23(3):1649. doi:10.3390/ijms23031649
 2. Maura, F, Rustad, EH, Boyle, EM, and Morgan, GJ. Reconstructing the Evolutionary History of Multiple Myeloma. Best Pract Res Clin Haematol (2020) 33(1):101145. doi:10.1016/j.beha.2020.101145
 3. Huang, J, Chan, SC, Lok, V, Zhang, L, Lucero-Prisno, DE, Xu, W, et al. The Epidemiological Landscape of Multiple Myeloma: a Global Cancer Registry Estimate of Disease burden, Risk Factors, and Temporal Trends. Lancet Haematol (2022) 9(9):e670–e677. doi:10.1016/S2352-3026(22)00165-X
 4. van de Donk, N, Pawlyn, C, and Yong, KL. Multiple Myeloma. Lancet. (2021) 397(10272):410–27. doi:10.1016/S0140-6736(21)00135-5
 5. Kazandjian, D. Multiple Myeloma Epidemiology and Survival: A Unique Malignancy. Semin Oncol (2016) 43(6):676–81. doi:10.1053/j.seminoncol.2016.11.004
 6. Cowan, AJ, Green, DJ, Kwok, M, Lee, S, Coffey, DG, Holmberg, LA, et al. Diagnosis and Management of Multiple Myeloma: A Review. Jama. (2022) 327(5):464–77. doi:10.1001/jama.2022.0003
 7. Hideshima, T, Mitsiades, C, Tonon, G, Richardson, PG, and Anderson, KC. Understanding Multiple Myeloma Pathogenesis in the Bone Marrow to Identify New Therapeutic Targets. Nat Rev Cancer (2007) 7(8):585–98. doi:10.1038/nrc2189
 8. Bianchi, G, and Munshi, NC. Pathogenesis beyond the Cancer Clone(s) in Multiple Myeloma. Blood (2015) 125(20):3049–58. doi:10.1182/blood-2014-11-568881
 9. He, H, Li, Z, Lu, J, Qiang, W, Jiang, S, Xu, Y, et al. Single-cell RNA-Seq Reveals Clonal Diversity and Prognostic Genes of Relapsed Multiple Myeloma. Clin Transl Med (2022) 12(3):e757. doi:10.1002/ctm2.757
 10. Alessandrini, F, Pezzè, L, and Ciribilli, Y. LAMPs: Shedding Light on Cancer Biology. Semin Oncol (2017) 44(4):239–53. doi:10.1053/j.seminoncol.2017.10.013
 11. Defays, A, David, A, de Gassart, A, De Angelis Rigotti, F, Wenger, T, Camossetto, V, et al. BAD-LAMP Is a Novel Biomarker of Nonactivated Human Plasmacytoid Dendritic Cells. Blood (2011) 118(3):609–17. doi:10.1182/blood-2010-11-319699
 12. Deng, Y, Bi, M, Delerue, F, Forrest, SL, Chan, G, van der Hoven, J, et al. Loss of LAMP5 Interneurons Drives Neuronal Network Dysfunction in Alzheimer's Disease. Acta Neuropathol (2022) 144(4):637–50. doi:10.1007/s00401-022-02457-w
 13. Combes, A, Camosseto, V, N'Guessan, P, Arguello, RJ, Mussard, J, Caux, C, et al. BAD-LAMP Controls TLR9 Trafficking and Signalling in Human Plasmacytoid Dendritic Cells. Nat Commun (2017) 8(1):913. doi:10.1038/s41467-017-00695-1
 14. Vrábel, D, Pour, L, and Ševčíková, S. The Impact of NF-Κb Signaling on Pathogenesis and Current Treatment Strategies in Multiple Myeloma. Blood Rev (2019) 34:56–66. doi:10.1016/j.blre.2018.11.003
 15. Umeda, S, Kanda, M, Shimizu, D, Nakamura, S, Sawaki, K, Inokawa, Y, et al. Lysosomal-associated Membrane Protein Family Member 5 Promotes the Metastatic Potential of Gastric Cancer Cells. Gastric Cancer (2022) 25(3):558–72. doi:10.1007/s10120-022-01284-y
 16. Beird, HC, Khan, M, Wang, F, Alfayez, M, Cai, T, Zhao, L, et al. Features of Non-activation Dendritic State and Immune Deficiency in Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN). Blood Cancer J (2019) 9(12):99. doi:10.1038/s41408-019-0262-0
 17. Gracia-Maldonado, G, Clark, J, Burwinkel, M, Greenslade, B, Wunderlich, M, Salomonis, N, et al. LAMP-5 Is an Essential Inflammatory-Signaling Regulator and Novel Immunotherapy Target for Mixed Lineage Leukemia-Rearranged Acute Leukemia. Haematologica (2022) 107(4):803–15. doi:10.3324/haematol.2020.257451
 18. Wang, WT, Han, C, Sun, YM, Chen, ZH, Fang, K, Huang, W, et al. Activation of the Lysosome-Associated Membrane Protein LAMP5 by DOT1L Serves as a Bodyguard for MLL Fusion Oncoproteins to Evade Degradation in Leukemia. Clin Cancer Res (2019) 25(9):2795–808. doi:10.1158/1078-0432.CCR-18-1474
 19. Chng, WJ, Kumar, S, Vanwier, S, Ahmann, G, Price-Troska, T, Henderson, K, et al. Molecular Dissection of Hyperdiploid Multiple Myeloma by Gene Expression Profiling. Cancer Res (2007) 67(7):2982–9. doi:10.1158/0008-5472.CAN-06-4046
 20. Barrett, T, Troup, DB, Wilhite, SE, Ledoux, P, Evangelista, C, Kim, IF, et al. NCBI GEO: Archive for Functional Genomics Data Sets--10 Years on. Nucleic Acids Res (2011) 39:D1005–1010. doi:10.1093/nar/gkq1184
 21. Ma, T, Chen, Y, Yi, ZG, Liu, J, Li, YH, Bai, J, et al. NORAD Promotes Multiple Myeloma Cell Progression via BMP6/P-Erk1/2 axis. Cell Signal (2022) 100:110474. doi:10.1016/j.cellsig.2022.110474
 22. Barwick, BG, Gupta, VA, Vertino, PM, and Boise, LH. Cell of Origin and Genetic Alterations in the Pathogenesis of Multiple Myeloma. Front Immunol (2019) 10:1121. doi:10.3389/fimmu.2019.01121
 23. Kyle, RA, Therneau, TM, Rajkumar, SV, Offord, JR, Larson, DR, Plevak, MF, et al. A Long-Term Study of Prognosis in Monoclonal Gammopathy of Undetermined Significance. N Engl J Med (2002) 346(8):564–9. doi:10.1056/NEJMoa01133202
 24. Kyle, RA, and Rajkumar, SV. Management of Monoclonal Gammopathy of Undetermined Significance (MGUS) and Smoldering Multiple Myeloma (SMM). Oncology (Williston Park) (2011) 25(7):578–86.
 25. Zhou, L, Yu, Q, Wei, G, Wang, L, Huang, Y, Hu, K, et al. Measuring the Global, Regional, and National burden of Multiple Myeloma from 1990 to 2019. BMC Cancer (2021) 21(1):606. doi:10.1186/s12885-021-08280-y
 26. Landgren, O, and Iskander, K. Modern Multiple Myeloma Therapy: Deep, Sustained Treatment Response and Good Clinical Outcomes. J Intern Med (2017) 281(4):365–82. doi:10.1111/joim.12590
 27. Kumar, SK, Dispenzieri, A, Lacy, MQ, Gertz, MA, Buadi, FK, Pandey, S, et al. Continued Improvement in Survival in Multiple Myeloma: Changes in Early Mortality and Outcomes in Older Patients. Leukemia (2014) 28(5):1122–8. doi:10.1038/leu.2013.313
 28. Jasielec, JK, Kubicki, T, Raje, N, Vij, R, Reece, D, Berdeja, J, et al. Carfilzomib, Lenalidomide, and Dexamethasone Plus Transplant in Newly Diagnosed Multiple Myeloma. Blood. (2020) 136(22):2513–23. doi:10.1182/blood.2020007522
 29. Ravi, G, and Costa, LJ. Bispecific T-Cell Engagers for Treatment of Multiple Myeloma. Am J Hematol (2022) 98:S13–S21. doi:10.1002/ajh.26628
 30. Pawlyn, C, and Davies, FE. Toward Personalized Treatment in Multiple Myeloma Based on Molecular Characteristics. Blood. (2019) 133(7):660–75. doi:10.1182/blood-2018-09-825331
 31. Mondala, PK, Vora, AA, Zhou, T, Lazzari, E, Ladel, L, Luo, X, et al. Selective Antisense Oligonucleotide Inhibition of Human IRF4 Prevents Malignant Myeloma Regeneration via Cell Cycle Disruption. Cell Stem Cell (2021) 28(4):623–36.e9. doi:10.1016/j.stem.2020.12.017
 32. Chavan, SS, He, J, Tytarenko, R, Deshpande, S, Patel, P, Bailey, M, et al. Bi-allelic Inactivation Is More Prevalent at Relapse in Multiple Myeloma, Identifying RB1 as an Independent Prognostic Marker. Blood Cancer J (2017) 7(2):e535. doi:10.1038/bcj.2017.12
 33. Kefaloyianni, E, Gaitanaki, C, and Beis, I. ERK1/2 and P38-MAPK Signalling Pathways, through MSK1, Are Involved in NF-kappaB Transactivation during Oxidative Stress in Skeletal Myoblasts. Cell Signal. (2006) 18(12):2238–51. doi:10.1016/j.cellsig.2006.05.004
 34. El Mchichi, B, Hadji, A, Vazquez, A, and Leca, G. p38 MAPK and MSK1 Mediate Caspase-8 Activation in Manganese-Induced Mitochondria-dependent Cell Death. Cell Death Differ (2007) 14(10):1826–36. doi:10.1038/sj.cdd.4402187
 35. Terazawa, S, Mori, S, Nakajima, H, Yasuda, M, and Imokawa, G. The UVB-Stimulated Expression of Transglutaminase 1 Is Mediated Predominantly via the NFκB Signaling Pathway: New Evidence of its Significant Attenuation through the Specific Interruption of the p38/MSK1/NFκBp65 Ser276 Axis. PLoS One (2015) 10(8):e0136311. doi:10.1371/journal.pone.0136311
 36. Shen, X, Shen, P, Yang, Q, Yin, Q, Wang, F, Cong, H, et al. Knockdown of Long Non-coding RNA PCAT-1 Inhibits Myeloma Cell Growth and Drug Resistance via P38 and JNK MAPK Pathways. J Cancer (2019) 10(26):6502–10. doi:10.7150/jca.35098
 37. Xiao, W, Xu, Z, Chang, S, Li, B, Yu, D, Wu, H, et al. Rafoxanide, an Organohalogen Drug, Triggers Apoptosis and Cell Cycle Arrest in Multiple Myeloma by Enhancing DNA Damage Responses and Suppressing the P38 MAPK Pathway. Cancer Lett (2019) 444:45–59. doi:10.1016/j.canlet.2018.12.014
 38. He, J, Liu, Z, Zheng, Y, Qian, J, Li, H, Lu, Y, et al. p38 MAPK in Myeloma Cells Regulates Osteoclast and Osteoblast Activity and Induces Bone Destruction. Cancer Res (2012) 72(24):6393–402. doi:10.1158/0008-5472.CAN-12-2664
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Chen and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/pore-29-1611083-g005.gif





OPS/images/pore-29-1611083-g006.gif





OPS/images/pore-29-1611083-g003.gif
Laves

=

Lavips

Pactin

Laves

=

M6

FE S5

R
A
WC W s

Avoa

BEEEF
- ——— - |
NG e W

W W

Rolts axeessionlovel

[——

ReMs26

AMO-t






OPS/images/pore-29-1611083-g004.gif





OPS/images/pore-29-1611083-t003.jpg
Characteristics

Age(years)
Sex(Male/Female)
WBC (x10°/L)
HGB (g/L)
PLT (x10°/L)
ALB(g/L)
Crea(umol/L)
Ca® (mmol/L)
B2-MG(mg/L)
M protein type

1gG

IgA

1gD

Light chain
DS Staging System

1

1

11
IS

1

1

1

WBC, White blood cells; HGB, Hemoglobi

LAMPS5 " (n = 16)

64.31 + 1112
97

538 % 2.40
90.13 + 26.60
186.31 + 116,52
3599 +7.69
117.08 + 97.41
240 £ 0.30
7.94 £ 6.56

LT, Platelets; ALB, Albumin; Crea, Creatinine; 2-MG, B2 microglobt

LAMPS ™" (n = 16)

67.19 + 7.81
12/4

478 + 147
76.56 + 16.52
143.94 £ 75.22
3283 + 701
152.10 + 164.73
229 %048
9.92 +10.98

10

10

p-value

0.4729
0.4578
0.6689
0.2201
0.2240
02133
0.7879
0.1457
0.6420

0.7244
0.6851
>0.9999
>0.9999

0.4839
0.1719
0.0373

0.6539
>0.9999
0.4795

DS, Durie-Salmon; ISS, International Staging System.





OPS/images/pore-29-1611083-t001.jpg
Name

Si1
Si2
i3
Si4
SiNC

Sense(5'-3")

CUUUCCACUAACCCUGAAATT
CAAACCAUUUCACUGGCCUTT
GUAAAGGAAAGCCACAACATT
CUACGUAGAUCUGAUCACATT
UUCUCCGAACGUGUCACGUTT

Antisense (5'-3")

UUUCAGGGUUAGUGGAAAGTT
AGGCCAGUGAAAUGGUUUGTT
UGUUGUGGCUUUCCUUUACTT
UGUGAUCAGAUCUACGUAGTT
ACGUGACACGUUCGGAGAATT






OPS/images/pore-29-1611083-t002.jpg
Characteristics

Age(years)
Sex(Male/Female)
WBC (x10°/L)
HGB (g/L)
PLT (x10°/L)
ALB(g/L)
Crea(umol/L)
Ca® (mmol/L)
B2-MG(mg/L)
M protein type

1gG

IgA

1gD

Light chain
DS Staging System

1

1

11
I

1

1

11

WBC, White blood cells; HGB, Hemoglobi

HD (n =11)

58.64 + 13.83
5/6

844 %357
5691 + 12.76
31891 + 102.66
3920 £333
64.69 + 22.80
216 % 0.12

PLT, Platelets; ALB, Albumin; Crea, Creatinine; B2-MG, 2 microgloby

NDMM (n = 32)

65.75 £ 9.56
21/11

5.08 198
8334+ 2284
165.13 + 98.84
3441 + 741
134,59 + 134.31
234 £ 0.40
8.93 £ 895

18

17

DS, Durie-Salmon; ISS, International St:

PTMM (n = 20)

65.70 + 8.40
16/4

574 %133
100.7 £ 19.56
176.45 + 64.22
37.86 + 340
89.13 + 59.83
221£013
385 £ 2.06

10

5
10

St





OPS/xhtml/nav.xhtml
Contents

		Cover

		LAMP5 may promote MM progression by activating p38		Introduction

		Materials and methods		Ethics statement

		Database

		DEGs identification and survival analysis

		Patient samples

		Cell culture, antibodies and reagents

		RNA isolation and quantitative RT-PCR (qPCR) assay

		Cell transfection

		Cell apoptosis analysis

		Cell cycle analysis

		Western blot assay

		Statistical analysis





		Results		DEGs identification and heat maps

		LAMP5 expression is upregulated in MM and correlates with poor prognosis

		Expression of LAMP5 in MM cell lines and knockdown of LAMP5

		Knockdown of LAMP5 gene promotes apoptosis in MM cells

		Knockdown of LAMP5 gene has no effect on the cell cycle of MM cells

		Knockdown of LAMP5 reduces P38 protein expression in MM





		Discussion and conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Supplementary material

		References









OPS/images/cover.jpg
Pathology &
Oncology Research

’ frontiers Publishing Partnerships






OPS/images/pore-29-1611083-g001.gif





OPS/images/pore-29-1611083-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
Pathology & R
Oncology Research frontiers





