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Abstract: Objective: To investigate the correlation between total light chain κ/λ ratio (sTLC-к/λ) in serum and disease
types, as well as the levels of Survivin and Bcl-2 in multiple myeloma (MM). Methods: A total of 80 patients confirmed with MM were included in this study and assigned to the MM group. Another 30 patients without plasmacyte
proliferative disorders were enrolled in control group in the same period. MM patients were stratified into subgroups;
IgGк MM (n=23), IgGλ MM (n=25), IgAк MM (n=14) and IgAλ MM (n=18). sTLC-к/λ was calculated through an automatic protein analyzer and compared among the different groups. The levels of Survivin and Bcl-2 were detected
by immunohistochemistry staining and Real-time PCR, and were compared between the MM group and control
group. The correlation between sTLC-к/λ, and disease types and the levels of Survivin and Bcl-2 were performed by
Pearson’s correlation analysis. Results: Compared with control group, the significant differences in sTLC-к/λ were
found in the MM group (P<0.001). In the IgGк MM group sTLC-к/λ was higher than that in the IgAк MM group, while
sTLC-к/λ in the IgGλ MM group was lower than that in the IgAλ MM group. The positive ratio and levels of Survivin and
Bcl-2 in the MM group were significantly higher than those in control group (all P<0.001). sTLC-к/λ was positively
correlated with IgG level in the IgGк MM group, IgA level in the IgAк MM group, and the levels of Survivin and Bcl-2
(all P<0.05); and sTLC-к/λ was negatively correlated with IgG level in the IgGλ MM group and IgA level in the IgAλ MM
group (all P<0.05). Conclusion: In MM, sTLC-к/λ was related with disease type, and the levels of Survivin and Bcl-2
were up-regulated, and sTLC-к/λ was positively-related with the levels of Survivin and Bcl-2, suggesting that sTLC-к/λ
is a promising biomarker for diagnosis and prognosis monitoring of IgG type and IgA type MM.
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Introduction
Multiple myeloma (MM) is a malignant plasmatic cell disorder and it is characterized by the
malignant proliferation of a single clone of plasma cells in the bone marrow, leading to monoclonal protein presenting in the serum and the
dysfunction of multiple organs [1, 2]. In recent
years, the strategies of treatment that target
both the bone marrow microenvironment and
MM cells can remarkably prolong overall survival and improve prognosis [3]. It is reported
that MM is a heterogeneous disorder and the
prognosis of patients can be very different [4].
MM seriously threatens the life quality and
physical and psychological health of patients.

Therefore, the identification of effective molecular markers that could be help with the diagnosis of MM and predict prognosis would be of
significant benefit to patients with MM [5].
Survivin is a protein that is considered an inhibitor of apoptosis and it plays a key role in the
process of cell division targeting different components of the mitotic spindle [6]. Some studies have reported that compared with normal
bone marrow cells from healthy controls, the
expression of Survivin was obviously higher in
primary myeloma cells and other myeloma cell
lines from patients with MM [7, 8]. Other studies have shown that increased Survivin level
was correlated with poor prognosis, disease
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progression, and multidrug resistance in patients who suffered from MM [9]. Bcl-2 is another anti-apoptotic protein, and it has been
reported that different kinds of tumor cells
resist apoptotic cell death by over-expressing
Bcl-2 protein [10]. It also was shown that Bcl-2
was responsible for drug resistance and metastatic events in patients with MM [11]. As we
can see, Survivin and Bcl-2 play important roles
in the development of MM.
In addition, plasma cells and B cells can secrete immunoglobulin (Ig), which mainly consists of a light chain and a heavy chain [12].
The light chain is separated into lambda (λ)
and Kappa (к) light chains. The serum total
light chain (sTLC) is composed of the light
chain as part of the intact Ig and the free
light chain in serum. It has been reported that
there are a great many sTLCs in MM patients
and they could not be completely metabolized
by the kidney in the body, leading to greater
than the normal range of serum total light
chain κ/λ ratios (sTLC-к/λ) [13]. Previous studies have reported that in different lymphoma
types, sTLC-к/λ varied considerably, ranging
from 0 to 36% [14]. Moreover, some studies
have reported that abnormal sTLC-к/λ was associated with poor prognosis in patients with
mantle cell lymphoma or chronic lymphocytic
leukemia [15, 16]. However, few reports have
studied the relationship of sTLC-к/λ with disease types in MM patients and the expression levels of Survivin and Bcl-2. Therefore, in
this study, we examined the sTLC-к/λ ratio in
patients with different types of MM and the
expression levels of Survivin and Bcl-2 in MM
patients, with the aim to tentatively confirm
whether there were correlations between sTLCк/λ with disease types, and the levels of Survivin and Bcl-2. This study may bring insights
into the diagnosis and prognostic prediction of
MM.
Materials and methods
General data
A total of 80 MM patients who were admitted
to our hospital from January 2018 to December 2019 were selected as the subjects in the
study. The patients were included if they were
over 18 years old, met the diagnostic criteria
of multiple myeloma by the method of bone
marrow biopsy, and provided written informed
consents signed by them or their families. The
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patients were excluded if they had renal disease, infective diseases within six months of
study, malignancy, autoimmune diseases and
a history of organ transplantation surgery and
previous chemotherapy, or underwent the usage of nephrotoxic drugs within six months, or
the long-term usage of glucocorticoids. The
patients who had incomplete clinical medical
records or were unable to follow the protocol
were also excluded. The concurrent patients
without plasmacyte proliferative disorders were included in control group (n=30 cases were
selected in the control group). All the patients
in this study provided written informed consent
and the protocols of this study were approved
by the Hospital Ethics Committee.
Detection of total serum light chain к/λ ratio
(sTLC-к/λ)
The sTLC-к/λ of patients was compared among
different groups. At 12 h after fasting, 5 mL
venous blood was drawn from the elbow vein
of each patient, and then kept in an EDTA anticoagulant tube. The plasma was separated by
centrifuging at 3500 r/min for 10 min, and
stored at -20°C. The levels of IgG, IgA, light
chain к and light chain λ were detected by
automatic protein analyser (BN-II System type,
Siemens AG), strictly following the instructions
on these kits. Finally sTLC-к/λ was calculated.
Detection of Survivin and Bcl-2 protein levels
by immunohistochemistry staining
Paraffin embedded bone marrow biopsy sections in the MM group and control group were
de-waxed and rehydrated through gradients if
ethanol into water. Antigen repair was conducted using citrate antigen retrieval solution. In
order to eliminate the endogenous peroxidase
activity, these sections were incubated with 3%
H2O2 for 8 min at room temperature. Then 10%
normal goat serum was used as blocking reagent and the sections were incubated at room
temperature for 30 min. Next, mouse anti-human Survivin/Bcl-2 monoclonal antibody (Santa Company, USA) was added and kept at 4°C
in a wet box overnight. After washing with PBS,
HRP labeled anti-mouse IgG antibody was added and kept at 37°C in a wet box for 30 min.
DAB was applied to show color. Before mounting, these sections were re-stained with hematoxylin. A light microscope was applied to count
the color in 200 cells. The positive cells disInt J Clin Exp Med 2020;13(12):9802-9809
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Table 1. Comparison of basic information of patients among groups
Variable
Case (n)
Male/Female
Age (years)
Hypertension (n)
Diabetes (n)
Hyperlipidemia (n)
BMI (kg/m2)
ISS stage
I
II
III

IgGк MM group
23
18/5
63.42±4.71
5
6
7
21.36±0.53
3
5
15

IgGλ MM group IgAк MM group
25
14
19/6
10/4
64.13±5.26
63.83±5.01
9
3
8
5
5
4
21.62±0.84
21.73±0.91
4
2
7
3
14
9

IgAλ MM group
18
13/5
64.34±4.32
6
5
5
21.51±0.72
3
4
11

F/χ2
0.313
0.139
1.744
0.475
0.773
1.099
0.585

P
0.956
0.936
0.627
0.924
0.856
0.355
0.996

Note: MM: Multiple myeloma; BMI: Body mass index; ISS: International staging system.

played brownish yellow granules on the surface
and cytoplasm of the cells.
Detection of Survivin and Bcl-2 mRNA levels by
Real-time PCR
The mononuclear cells were separated from
bone marrow in each group by the method of
density gradient centrifugation. Trizol reagent
(Invitrogen, USA) was used for extracting total
RNA. Then, total RNA was synthesized into
cDNA through reverse transcription polymerase chain reaction. The primer and probe sequences of GAPDH, Survivin and Bcl-2 were as
follows: The GAPDH forward primer was 5’-TGCAGCGTACTCCCCACAT-3’ and reverse primer
was 5’-TCCATGACAACTTTGGTATCGTG-3’. The
Survivin forward primer was 5’-CCTCTGGTGCCACTTTCAAG-3’ and reverse primer was 5’CCAGATGACGACCCCATAGA-3’. The Bcl-2 forward primer was 5’-ACACTGTTAAGCATGTGCCG-3’ and reverse primer was 5’-CCAGCTCATCTCACCTCACA-3’. According to the instructions
of PCR kits (Thermo Fisher Scientific, USA),
Real-time PCR was performed. The reaction
system 20 uL included cDNA 2 μL, forward
and reverse primers of 0.8 μL each, SYBR
Premix Ex TaqTM II (2*) 10 μL, ROX Reference
Dye (50*) 0.6 μL, and dH2O 5.8 μL. PCR amplification was performed in an Applied Biosystems 7500 PCR System. The reaction conditions included initial denaturation at 94°C
for 30 sec, denaturation at 94°C for 15 sec,
renaturation at 58°C for 1 min, extension at
72°C for 1 min, with 35 cycles. The mRNA relative expression levels of Survivin, and Bcl-2 in
each group were calculated with the use of the
2-ΔΔCt method. The GAPDH gene expression
was used as the internal reference.
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Statistical analysis
Data analysis was conducted using SPSS software, version 21.0. The quantitative data were presented as mean ± standard deviation
(Mean ± SD). Comparison between two groups
was performed using the student’s t test,
whereas comparisons among more than two
groups were performed using one-way analysis
of variance (ANOVA). The correlation of sTLCк/λ with the levels of IgG, IgA, Survivin and
Bcl-2 were evaluated using Pearson correlation analysis. By contrast, the count data were
expressed as percentages or rates, and the
chi-square test was used to compare the differences between groups. P<0.05 indicated
statistically significant differences.
Results
Comparison of basic information among
groups
Among the 80 MM patients, there are 48 patients with IgG MM (23 IgGк MM and 25 IgGλ
MM) and 32 patients with IgA MM (14 IgAк
MM and 18 IgAλ MM). Sex ratio, age, ISS stage
and DS stage of patients were generally wellbalanced among the different groups (P>0.05).
Data are shown in Table 1, and they are comparable.
Comparison of total serum light chain к/λ ratio
(sTLC-к/λ) among the groups
As shown in Table 2, significant differences
for sTLC-к/λ were found in the IgGк MM group,
IgGλ MM group, IgAк MM group and IgAλ MM
group, compared to those in the control group
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Table 2. Comparison of sTLC-к/λ among different groups
Group
Control group
IgGк MM
IgGλ MM
IgAк MM
IgAλ MM
F
P

Cases (n)
30
23
25
14
18

sTLC-к/λ
1.68±0.42
95.71±38.57
0.41±0.06
38.62±16.55
0.93±0.28
115.300
<0.001

Note: MM: Multiple myeloma; sTLC-к/λ: serum total light
chain к/λ ratio.

Table 3. Correlation coefficients between
sTLC-к/λ and types of multiple myeloma
Types
IgGк MM
IgGλ MM
IgAк MM
IgAλ MM

Correlation coefficient (r)
0.659
-0.611
0.596
-0.723

P
<0.001
0.014
0.028
0.005

(all P<0.001). sTLC-к/λ in the IgGк MM group
was significantly higher than that in the IgAк
MM group, while sTLC-к/λ in the IgGλ MM
group was significantly lower than that in the
IgAλ MM group (all P<0.001).
Correlatios between sTLC-к/λ and types of
multiple myeloma
According to Pearson correlation analysis,
sTLC-к/λ was positively correlated with IgG level in the IgGк MM group and IgA level in the
IgAк MM group. sTLC-к/λ was negatively correlated with IgG level in the IgGλ MM group and
IgA level in the IgAλ MM group. This suggests
that there was a certain correlation between
sTLC-к/λ and types of Multiple myeloma, as
seen in Table 3.
Comparison of Survivin level between the MM
group and control group
The results of immunohistochemical staining
showed that the positive ratio of Survivin in
bone marrow mononuclear cells in the MM
group was significantly higher than that in control group (5.00% vs 30.00%, χ2=6.580, P<
0.001), as seen in Figure 1. The qPCR results
showed that the level of Survivin mRNA in the
MM group was significantly higher than that in
the control group (P<0.001), as seen in Table 4.
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Comparison of Bcl-2 level between the MM
group and control group
The results of immunohistochemical staining
showed that the positive ratio of Bcl-2 in bone
marrow mononuclear cells in the MM group
was obviously higher than that in the control
group (4.00% vs 35.00%, χ2=7.152, P<0.001),
as seen in Figure 2. The qPCR results showed
that the level of Bcl-2 mRNA in the MM group
was significantly higher than that in the control
group (P<0.001), as seen in Table 5.
Correlatios between sTLC-к/λ and the levels of
Survivin and Bcl-2
Pearson correlation analysis revealed that
sTLC-к/λ was positively correlated with the
level of Survivin (r=0.642, P=0.016), as well
as the level of sTLC-к/λ and Bcl-2 (r=0.686,
P=0.022), as seen in Table 6.
Discussion
Multiple myeloma is a type of hematological
malignant tumor and the incidence is increasing on a annual basis, due to an ageing population and environmental factors [17]. It is reported that IgG MM is the most common type with
accounting for 50%-60% of the total cases and
that IgA MM accounts for 15%-20% of the total
cases [18]. In this study, among the 80 MM
patients, there were 48 patients with IgG MM
and 32 patients with IgA MM. The percentage
of IgG MM and IgA MM in the total cases was
basically similar with the results of current
epidemiological investigations [19]. In recent
years, significant progress has been made in
diagnostic methods, molecular mechanisms
and prognostication in MM. Serum monoclonal
proteins such as serum-free light chain assays, and serum factors have been used to
predict the prognosis of MM patients. From
this, it is likely that more targeted and riskadapted treatment methods may be used to
treat MM patients at different stages guided
by the potential biomarkers.
Survivin has been reported to be associated
with pathological parameters and adverse clinical responses in various hematopoietic tumors
[20]. Romagnoli et al reported that Survivin
expression detected by western blot was related with clinical stages [8]. In this study, the
positive expression rate of Survivin in MM was
Int J Clin Exp Med 2020;13(12):9802-9809
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that in control group. In addition, it was reported that overexpression of Bcl-2 indicated
sustained malignant proliferation of MM tumor cells [21].
Another study showed that
the positive expression rate of
Bcl-2 in MM was about 43%75% [22]. This study reported
that the Bcl-2 positive expression rate was 35%, which was
higher than that in control
group. qPCR results showed
that the level of Bcl-2 in MM
patients was higher than that
in control group. These findings indicated that Survivin
and Bcl-2 expression could reflect tumor conditions in MM
and are associated with development of MM.
Serum light chain has been
considered as one of the sensitive indicators for the assessment of clonal plasma
cells. The level of normal serum к light chain is approximately two times of that of λ
light chain. Also, sTLC-к/λ is
not affected by renal function
and blood volume, which can
somewhat accurately reflect
Figure 1. Comparison of the positive ratio of Survivin in bone marrow
the expression levels of polymononuclear cells between two groups. A. The expression of Survivin in
bone marrow plasmacyte by immumohistochemical staining. B. Quantitaclonal immune globulin. It is
tive analysis of the positive ratio of Survivin. Compared with control group,
demonstrated that sTLC-к/λ
***P<0.001. Note: MM: Multiple myeloma.
plays an important role in
the diagnosis of MM. The results of this study showed that compared with
Table 4. Comparison of Survivin mRNA level
that in control group, a significant difference
between two groups
in sTLC-к/λ was found in the IgGк MM group,
Groups
Cases
Survivin mRNA
IgGλ MM group, IgAк MM group and IgAλ MM
Control group
30
0.18±0.04
group. Compared with that in the IgAк MM
MM group
80
0.47±0.06
group, sTLC-к/λ in the IgGк MM group was
T
24.480
remarkably higher. Compared with that in the
P
<0.001
IgAλ MM group, sTLC-к/λ in the IgGλ MM group
Note: MM: Multiple myeloma.
was obviously lower. Moreover, Pearson correlation analysis results showed that sTLC-к/λ
was closely associated with IgG MM and IgA
30%, which was significantly higher than that
MM. These findings are basically consistent
in control group. To date, the Survivin expreswith results reported by Durie et al [23]. This
sion in MM using immunohistochemical stainindicates that sTLC-к/λ in the diagnosis of IgG
ing has not been investigated. This study also
MM and IgA MM has important clinical value
showed that Survivin expression measured by
qPCR in MM patients was obviously higher than
and the increased level of serum monoclonal
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protein and suppressive degree of normal serum immunoglobulins in IgG MM are
more than those in IgA MM. It
also is demonstrated that the
serum levels of IgG and IgA
are the main cause of sTLCк/λ imbalance in patients with
IgG MM and IgA MM.
For the past few years, sTLCк/λ in MM has been applied to
evaluate the therapeutic treatment effect by many scholars
[24]. This study analyzed the
correlation of sTLC-к/λ with
the expression levels of Survivin and Bcl-2 in MM and the
results showed that sTLC-к/λ
was positively correlated with
the levels of Survivin and Bcl2, which indicated that sTLCк/λ could provide a clinical reference for the evaluation of
prognosis in patients with MM.
The relationship of sTLC-к/λ
with the expression levels of
Survivin and Bcl-2 has not
been reported in previous studies. Some studies showed
that the expression of Survivin
was not related with clinical
stage in patients with newly
Figure 2. Comparison of the positive ratio Bcl-2 in bone marrow mononudiagnosed multiple myeloma
clear cells between two groups. A. The expression of Bcl-2 in bone marrow
[25]. Guo et al [26] reported
plasmacyte by immumohistochemical staining. B. Quantitative analysis of
that Bcl-2 was related with
the positive ratio of Bcl-2. Compared with control group, ***P<0.001. Note:
poor prognosis including proMM: Multiple myeloma.
gression-free survival and shorter overall survival in patients
with
solitary
bone plasmacytoma. Renner
Table 5. Comparison of Bcl-2 mRNA level
et
al
[27]
reported
that Bcl-2 was not associatbetween two groups
ed with various quantitative variables such as
Groups
Cases
Bcl-2 mRNA
age, C-reactive protein and β2-microglobulin in
Control group
30
0.11±0.03
patients with MM.
MM group
T
P

80

0.58±0.09
27.960
<0.001

Table 6. Correlation coefficients between
sTLC-к/λ and the levels of Survivin and Bcl-2
Variable
Survivin
Bcl-2
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Correlation coefficient (r)
0.642
0.686

P
0.016
0.022

In conclusion, sTLC-к/λ has great significance
in IgG MM and IgA MM, and patients with MM
have elevated Survivin and Bcl-2 concentration. The sTLC-к/λ ratio is closely associated
with IgG MM, IgA MM and the levels of Survivin and Bcl-2. However, the specific mechanism of sTLC-к/λ in the pathogenesis of MM
remains unclear, requiring further experimental investigation.
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