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ABSTRACT
The suppression of osteoblast (OB) activity is
partially responsible for multiple myeloma (MM)
bone disease. Long non-coding RNAs (lncRNAs)
play a vital role in bone formation and resorption.
However, their functions in OBs from patients with
MM have rarely been reported. Through high-
throughput sequencing of OBs from patients with
MM and healthy controls, we identified several
lncRNAs and messenger RNAs (mRNAs) with
different expression profile and validated them
using quantitative real-time PCR. In total, 22
upregulated and 21 downregulated lncRNAs were
found in OBs from patients with MM. Moreover,
18 upregulated protein-coding mRNAs were
identified. The expression levels of LINC01473
and its associated co-expression mRNA, CD74,
were higher in patients with MM than in healthy
controls (p=0.047 and p=0.016, respectively).
LINC01473 expression demonstrated a negative
correlation with serum interleukin-2 and tumor
necrosis factor α levels, whereas the expression of
mRNA CD74 was positively associated with serum
lactic dehydrogenase in patients with MM. Aberrant
expression of lncRNAs and mRNAs was observed
in OBs from patients with MM. This study identifies
new promising targets for further research on
imbalanced bone formation and resorption and MM
immune escape.

Significance of this study
What is already known about this subject?
⇒ The suppression of osteoblast activity is
partially responsible for multiple myeloma
bone disease.
⇒ Long non-coding RNAs play a vital role in
bone formation and resorption.
What are the new findings?

⇒ We demonstrated that the expression

levels of LINC01473 and its associated
co-expression messenger RNA, CD74, were
elevated in patients with multiple myeloma
using high-throughput sequencing for
osteoblasts.

How might these results change the focus
of research or clinical practice?
⇒ New promising targets to prevent and
treat multiple myeloma bone disease were
identified, which will advance research on
imbalanced bone resorption and formation
and multiple myeloma immune escape.

(secreted by bone marrow stromal cells, MM
cells, osteoclasts, and immune cells) suppressed
OB production, differentiation, and function.6–8
Long non-coding RNAs (lncRNAs) play an
important role in the development and maintenance of cellular phenotypes, including
INTRODUCTION
Multiple myeloma (MM) is a hematological chondrocytes and osteocytes.9 Located in the
malignancy characterized by the proliferation nucleus or cytoplasm, lncRNAs are non-coding
of abnormal plasma cells in the bone marrow, transcripts over 200 nucleotides in length.10
resulting in the production of monoclonal Recently, lncRNAs have gained popularity for
immunoglobulin, substantial immunosuppres- further studies on the pathogenesis of tumors
sion, and end-organ damage; the key clinical and diseases rather than on the structural remnants.
laboratory features are anemia, bone lesions, It has been demonstrated that many aberrant
renal failure, and hypercalcemia (CRAB symp- lncRNAs are expressed during MM progrestoms).1 Approximately 80% of newly diagnosed sion. These aberrantly expressed lncRNAs have
patients with MM develop bone disease,2 such many functions, including participating in cell
as substantial bone pain and pathological frac- proliferation and apoptosis,11 interacting with
tures, and the need for therapeutic intervention. microRNA, protein-coding genes, and myeloma
Overactive osteoclast and reduced osteoblast progression.12–14 Increasing evidence has shown
(OB) activities are responsible for pathological that lncRNAs participate in osteogenesis.
bone remodeling.3 MM cells and osteocytes Researchers have identified several lncRNAs
restrained OB activity by expressing wingless- (such as HOTAIR, H19, DANCR, SIRT1, and
type antagonists such as sclerostin, Dickkopf-1, MEG3) that are involved in osteogenesis, and
and soluble frizzled-related proteins.4 5 Further- these lncRNAs can regulate osteogenic markers
more, activin-A, semaphorin-4D, and cytokines or key regulatory factors in the pathways of
Peng F, et al. J Investig Med 2022;70:1301–1307. doi:10.1136/jim-2021-002192

1301

J Investig Med: first published as 10.1136/jim-2021-002192 on 10 February 2022. Downloaded from http://jim.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Roles of LINC01473 and CD74 in osteoblasts in
multiple myeloma bone disease

Original research

Patients

Number

23
14 (61%)

lncRNA and mRNA high-throughput sequencing

Clinical data of patients with MM

Gender
 Male
 Female

9 (39%)

Age (year)

67 (45–76)

Types of MM

IgG (12), IgM (1), IgA (3), light-
chain (6), non-secretory (1)

Stage of pretreatment (ISS)
 I

8 (35%)

 II

9 (39%)

 III

6 (26%）

Bone scanning of pretreatment
 Group A

3 (13%)

 Group B

20 (87%)

Parameters of pretreatment
 Creatinine clearance >30 mL/min

13 (57%)

 Creatinine clearance ≤30 mL/min

10 (43%)

 Hemoglobin ≥100 g/L

9 (39%)

 Hemoglobin <100 g/L

14 (61%)

 Calcium >2.75 mmol/L

14 (61%)

 Calcium ≤2.75 mmol/L

9 (39%)

ISS, International Staging System; MM, multiple myeloma.

osteogenic differentiation.15–21 In addition, lncRNA can
also be used as a biomarker to regulate some of the key
regulatory factors in osteogenesis.22
The effects of altered lncRNA expression in OB proliferation and differentiation during the pathogenesis of MM
bone disease have not yet been reported, and hence, further
research is required. In this study, we used lncRNA and
messenger RNA (mRNA) high-throughput sequencing for
OBs from the bone marrow of patients with MM.

MATERIALS AND METHODS
Study participants

From September 2019 to August 2020, 23 newly diagnosed
patients with MM hospitalized in the Department of Hematology, Tianjin Medical University General Hospital, were
enrolled in this study, according to the National Comprehensive Cancer Network guidelines for MM.23 Based on
the whole-body CT or FDG PET/CT pretreatment data,
patients were divided into two groups: group A, without
osteolytic damages or osteoporosis alone; and group B,
with osteolytic damages and/or a pathological fracture.
Patient information is shown in table 1. Fifteen volunteers
(median age, 52 years; range, 4474 years) were recruited as
healthy controls.

OB cell culture

We collected bone marrow extracts from patients with MM
and healthy controls. The bone marrow-
derived mononuclear cells (BMMNCs) were separated and cultured in
Dulbecco’s Modified Eagle Medium/F12 medium (Gibco,
Australia), 15% fetal bovine serum (Gibco), 100 U/mL penicillin and streptomycin, 0.01 mol/L β-sodium glycerophosphate, 10−7 mmol/L dexamethasone, and 0.05 g/L vitamin
1302

RNAs from five paired OB samples from MM and healthy
control were separately extracted using TRIzol reagent
(Invitrogen) and frozen at −80℃ until analysis. The quantity and quality of RNA were tested using a NanoDrop
2000 spectrophotometer. RNA integrity was assessed using
an Agilent 2100 bioanalyzer. Library construction and deep
sequencing was performed at Shanghai Genechem using the
Illumina PE150 platform according to the manufacturer’s
instructions. The profiles of lncRNAs and mRNAs in OBs
from MM and healthy controls were analyzed using the R
software package DESeq2. An adjusted p value <0.05 and
log2 fold change absolute value >2 were used to indicate
differential expression. The datasets generated for this study
can be found in the Sequence Read Archive public repository: https://www.ncbi.nlm.nih.gov/sra/PRJNA760661.26

Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes pathway analyses

To explore the mechanisms of OB inhibition in MM, we
annotated all the differentially expressed lncRNAs and
mRNAs using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses.
GO enrichment analysis categorized gene function into
biological processes (BP), cellular components (CC), and
molecular functions (MF). KEGG pathway analysis identified high levels of function and interactions between differentially expressed genes (DEGs) to understand biochemical
reactions, signaling pathways, metabolic pathways, and
biological processes.

Quantitative real-time PCR

OB RNA from 18 patients with MM and 10 healthy controls
was isolated and synthesized. The primer sequences of
candidate genes are presented in online supplemental table
S1. The primers were purchased from Sangon Biotech
time PCR was
(Shanghai, China), and quantitative real-
performed using the Bio-Rad iQ 5 Real-time system (Bio-
Rad, USA). The amplification protocol for lncRNAs and
mRNAs was: 95°C (30 s), 95°C (5 s), and extension (30 s)
at different temperatures for 45 cycles (online supplemental
table S1). Thereafter, we calculated the relative expression
levels of lncRNAs and mRNAs using 2−ΔΔCt method with
GAPDH as the reference gene.

Statistical analysis

Analysis of the differences between both control and test
groups was performed using the Student’s t-test with the
GraphPad Prism V.5.0 software. Statistical significance was
set at p<0.05.

RESULTS
lncRNA and mRNA expression in OBs of patients with
MM and healthy controls

lncRNA and mRNA high-
throughput sequencing was
performed to identify abnormal candidates by using five
Peng F, et al. J Investig Med 2022;70:1301–1307. doi:10.1136/jim-2021-002192
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Characteristics

C, at 37°C and 5% CO2.24 The OBs were collected after
two subcultures. Osteogenic differentiation was confirmed
by the detection of alkaline phosphatase activity and Von
Kossa staining as previously described.24 25

Table 1
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age-matched and sex-matched pairs from patients with
MM and healthy controls. A total of 69 860 lncRNAs
and 17 868 protein-
coding mRNAs were identified.
Moreover, 43 lncRNAs (22 upregulated and 21 downregulated) and 18 upregulated mRNA were identified
as differentially expressed RNAs in patients with MM
(online supplemental tables S2, S3). The Volcano Plot
shows important differentially expressed lncRNAs
(figure 1A) and mRNAs (figure 1B) between MM
and healthy controls. Hierarchical clustering classified lncRNAs (figure 1C) and mRNA (figure 1D) and
Peng F, et al. J Investig Med 2022;70:1301–1307. doi:10.1136/jim-2021-002192

displayed DEGs between patients with MM and healthy
controls according to a similar degree of expression
profile. These findings provided beneficial insights
into the pathophysiological mechanisms underlying OB
activity suppression in MM.

GO and KEGG analyses
GO enrichment analysis indicated that the upregulated
DEGs were enriched in immune system process (BP),
membrane (CC), and protein binding (MF) (figure 2A),
1303
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Figure 1 The profile of differentially expressed genes (DEGs) in osteoblasts (OBs) from patients with multiple myeloma (MM). Volcano
plot displays differentially expressed long non-coding RNAs (DElncRNAs) (A) and differentially expressed mRNAs (DEmRNAs) (B). Red and
green points correspond to upregulation and downregulation, respectively. Heatmap shows the DElncRNAs (C) and DEmRNAs (D). The
color scale represents the expression levels of DElncRNAs/DEmRNAs. Group 2 represents patients with MM, whereas group 1 represents
healthy controls.
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whereas the downregulated DEGs were found to be
mostly enriched in hormone metabolic process (BP),
membrane (CC), and oxidoreductase activity (MF)
(figure 2B). Upregulated DEGs were primarily related
to Staphylococcus aureus infection (figure 2C) in the
1304

KEGG pathway. The downregulated DEGs were associated with tyrosine metabolism, drug metabolism-
cytochrome P450, retinol metabolism, metabolism of
xenobiotics by cytochrome P450, and chemical carcinogenesis (figure 2D).
Peng F, et al. J Investig Med 2022;70:1301–1307. doi:10.1136/jim-2021-002192
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Figure 2 Enrichment analysis of differentially expressed genes (DEGs). Gene Ontology (GO) analysis identifies enriched terms for the
upregulated (A) and downregulated DEGs (B). Kyoto Encyclopedia of Genes and Genomes pathways analysis identifies enriched pathways
for the upregulated (C) and downregulated genes (D). Group 2 represents patients with multiple myeloma (MM), whereas group 1
represents healthy controls.
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Association analysis of candidate lncRNAs and mRNAs

lncRNA

Coding gene

Correlation coefficient

P value

LINC01473

CD74

0.961098

9.56E-06

CMPK2

CD74

0.964356

6.76E-06

CSNK1D

HIST1H1D

0.955178

1.67E-05

SMUG1

HIST1H1D

0.964098

6.96E-06

Correlation coefficient r>0.95; p<0.05 was considered statistically significant.
CMPK2, cytidine/uridine monophosphate kinase 2; CSNK1D, casein kinase
1 delta; HIST1H1D, histone cluster 1 H1 family member d; lncRNA, long
non-coding RNA; mRNA, messenger RNA; SMUG1, single-strand-selective
monofunctional uracil-DNA glycosylase 1.

Validation of the sequencing data using quantitative
real-time PCR

We selected several lncRNAs and mRNAs with a high fragment per kilobase million value and a high frequency of
the gene occurrence in the test samples as candidates. Four
upregulated lncRNAs, namely, LINC01473, cytidine/uridine
monophosphate kinase 2 (CMPK2), single-strand-selective
monofunctional uracil-DNA glycosylase 1 (SMUG1), and
casein kinase 1 delta (CSNK1D) and two upregulated
co-
expression mRNAs, CD74 and histone cluster 1 H1
family member d (HIST1H1D) were further studied in the
following experiments (table 2). The co-expressed lncRNA

mRNA pairs were defined using Pearson’s correlation coefficient r >0.95 and a p value <0.05.
We measured the altered expression of lncRNAs and
mRNAs in 18 OBs from BMMNCs of patients with MM to
validate the differential expressions of candidate lncRNAs
and mRNAs. Levels of LINC01473 (figure 3A) and mRNA
CD74 (figure 3E) were significantly upregulated in MM
compared with those in healthy controls (p=0.047 and
p=0.016, respectively). The expression levels of CMPK2,
SMUG1, CSNK1D, and HIST1H1D between the two
groups were not significantly different (figure 3B, C, D and
F).
In addition, the expression of LINC01473 was negatively
correlated with serum interleukin-2 (figure 3G) and tumor
necrosis factor α levels (figure 3H) (r=−0.8277, p<0.001;
r=−0.8853, p<0.001, respectively). However, the relative expression of mRNA CD74 was positively associated
with serum lactic dehydrogenase level in patients with MM
(r=0.7782, p=0.001) (figure 3I).

DISCUSSION

Bone disease is a major characteristic of MM, and the
complication of skeletal-related events affects the quality of
life of patient with MM, increases disability and mortality,
and results in lower overall survival of the patient.

Figure 3 Expression of candidate long non-coding RNAs (lncRNAs) and messenger RNAs (mRNAs) in osteoblasts (OBs) from patients
with multiple myeloma (MM) and healthy controls. Expression of LINC01473 in patients with MM is higher than that in healthy controls
(A). Levels of cytidine/uridine monophosphate kinase 2 (CMPK2) (B), single-strand-selective monofunctional uracil-DNA glycosylase 1
(SMUG1) (C), and casein kinase 1 delta (CSNK1D) (D) demonstrate no significant changes. Level of CD74 mRNA in patients with MM
is higher than that in healthy controls (E). Histone cluster 1 H1 family member d (HIST1H1D) levels demonstrate no significant changes
(F). Negative correlation between LINC01473 expression and serum interleukin-2 (IL-2) (G) and tumor necrosis factor α (TNFα) levels
(H). Positive association between mRNA CD74 and serum lactic dehydrogenase (LDH) in patients with MM (I).
Peng F, et al. J Investig Med 2022;70:1301–1307. doi:10.1136/jim-2021-002192
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CD74 mRNA and protein expression was abundant in the
plasma cells of patients with MM and the anti-CD74 antibody drug conjugate decrease MM tumor burden.40
In conclusion, the results implied that the high expression of CD74 in OBs in patients with MM might be associated with the occurrence of immune escape and disease
progression and might cause bone disease. Therefore,
targeting CD74 using monoclonal antibody or antibody
drug conjugate could reduce MM tumor cell load, and
OBs with decreased CD74 expression would recover their
osteogenesis ability, thus alleviating MM bone disease and
minimizing immune escape. It is also necessary to further
discover and verify the roles of LINC01473 and its associated co-
expression mRNA, CD74, in osteogenesis in
patients with MM. This preliminary work has identified
promising targets for alleviating osteogenesis inhibition
and accommodating immunological function to prevent
and even treat MM bone disease.
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