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Abstract: Purpose: To explore the role of serum interleukin-16 (IL-16) in the occurrence of multiple myeloma (MM) 
and after the success chemotherapy and its clinical significance. Methods: 52 cases of MM patients, 30 cases of 
AML patients and 30 healthy volunteers from Jan. 2011 to Jan. 2015 were collected in this study. There was 39 
MM patients received chemotherapy. Among those, 24 patients received VAD regimen chemotherapy and 15 pa-
tients received BD regimen chemotherapy. Serum IL-16, cystatin C (Cys-C), lactate dehydrogenase (LDH) and levels 
of β2-microglobulin (β2-MG) were detected before and after the therapy of MM patients. And those results were 
compared to that of patients with acute myelogenous leukemia (AML) and normal people respectively. Results: The 
levels of serum IL-16, Cys-C, LDH and β2-MG in MM group were remarkably higher than that of normal control. It 
was of statistical significance of this difference (P<0.05). Levels of serum IL-16, Cys-C and LDH of MM patients who 
received therapy were all lower than that of patients before therapy. The serum IL-16 and β2-MG of 52 patients by 
preliminary diagnosis were analyzed through Pearson correlation analysis before they received therapy. The results 
showed that there was positive correlation between levels of IL-16 and β2-MG (r=0.782, P<0.01). Conclusions: A 
high serum IL-16 level detected in newly diagnosed MM patients and its correlation with known factors of disease 
activity as well as the decrease of IL-16 after chemotherapy suggest that IL-16 may be implicated and a potential 
therapeutic target for MM.
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Introduction

Multiple myeloma (MM) which makes up 10% 
of hematological malignancy is a malignant dis-
ease caused by abnormal proliferation of bone 
marrow plasmacyte [1]. IL-16 is an important 
immunomodulatory factor and has close rela-
tion with the occurrence and development of 
several cancers [2, 3]. For the purpose of 
exploring the role of IL-16 in the occurrence of 
MM and its clinical significance, serum IL-16, 
cystatin C (Cys-C), serum lactate dehydroge-
nase (LDH) and levels of β2-microglobulin (β2-
MG) were detected before and after the therapy 
of MM patients. And those results were com-
pared to that of patients with acute myeloge-
nous leukemia (AML) and normal people 
respectively.  

Materials and methods

Characteristic of patients

52 cases of MM patients and 30 cases of AML 
patients recorded in Department of Hematology, 
Affiliated Hospital of Jinggangshan University 
from Jan. 2011 to Jan. 2015 were collected in 
this study. Among 52 cases of MM patients 
(MM group) by preliminary diagnosis, there 
were 28 male cases and 24 female cases. The 
median age of group MM was 58 (25-85). The 
staging of International Staging System (ISS) 
was as below: 10 cases in period Ι, 14 cases in 
period ΙΙ, and 28 cases in period ΙΙΙ; 26 cases of 
type lgG, 15 cases of type lgA and 11 cases of 
light chain type. There were 39 patients 
received chemotherapy. Among those, 24 
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patients received VAD regimen chemotherapy: 
vincristine 0.5 mg/d from the first to forth day; 
adriamycin 10 mg/d from the first to forth day; 
dexamethasone 40 mg/d from the first to forth, 
ninth to twelfth and seventeenth to twentieth 
day with a 28-day treatment period. 15 patients 
received BD regimen chemotherapy: bortezo-
mib 1.3 mg/m2 at the first time, forth, eighth 
and eleventh day, dexamethasone 20 mg/d, at 
the first, second, forth, fifth, eighth, ninth, elev-
enth and twelfth day with a 21-day treatment 
period. Symptomatic and supportive treatment 
was received at the meantime. There were 30 
cases of AML patients by preliminary diagnosis 
without treatment (AML group) among which 
there were 19 male cases and 11 female cases 
and the median age was 51 (22-59). There 
were 30 healthy volunteers (normal control) 
among which there were 18 men and 12 
women and the median age was 54 (35-66). 
This research has been approved by Ethics 
Committee of our hospital. Written informed 
consents were obtained from all patients and 
normal subjects.

men from AML patients (before therapy) and 
normal controls were the same.

Examination methods

Serum IL-6 was detected by ELISA (kit from 
Shanghai Sangon Biological Engineering co., 
Ltd.); serum β2-MG was detected by latex turbi-
dimetry (kit from American Applied Biosystems 
Company); Cys-C was detected by immunotur-
bidimetry (kit from Ningbo Meikang Biotech- 
nology co., Ltd.); and LDH was detected by 
velocity method (kit from Shanghai Fosun Long 
March Medicine and Science co., Ltd.). 
Automatic enzyme mark of model 680 was the 
product of American Bio-Rad Company. 3 wells 
were set for each experiment. 

Statistical analysis

Quantitative data were presented as mean ± 
standard deviation (SD). The paired student’ t 
test and unpaired student’ t test was performed 
to compared data within group and between 
the groups. Pear man correlation coefficients 

Table 1. Comparison of levels of IL-6, Cys-C, LDH and β2-MG in MM, AML and Control groups before 
treatment (mean ± SD)
Groups Cases (n) IL-16 (ng/L) Cys-C (mg/L) LDH (U/L) β2-MG (mg/L)
MM 52 172.35±21.45* 2.94±0.68*,# 230.65±44.91*,# 9.17±1.02*

AML 30 199.33±34.67* 0.91±0.13 490.01±79.24 /
Control 30 88.23±13.81 0.74±0.09 110.33±13.24 1.14±0.37
Note: Compared to the control group, *P<0.05; Compared to AML group, #P<0.05; /: No examination.

Table 2. Comparison of serum levels of IL-16, Cys-C and LDH in MM 
patients with different ISS staging
ISS staging Cases (n) IL-16 (ng/L) Cys-C (mg/L) LDH (U/L)
І 10 128.24±11.60 1.34±0.31 171.55±22.32
ІІ 14 160.11±25.48* 1.95±0.89 210.45±35.41
ІІІ 28 199.67±46.81*,# 3.13±0.92 235.32±49.32*

Note: ISS: International Staging System; compared to Stage ІІ, *P<0.05; compared to 
Stage І, #P<0.05.

Table 3. Comparison of serum levels of IL-16, Cys-C and LDH in MM 
patients before and after treatment
Groups Cases (n) IL-16 (ng/L) Cys-C (mg/L) LDH (U/L)
Before treatment 39 161.35±45.12 2.47±0.64 220.35±36.41
After treatment 39 104.35±31.12 1.12±0.29 138.64±30.15
Note: Levels of serum IL-16, Cys-C and LDH of MM patients who received therapy 
were all lower than that of patients before therapy (All P<0.05).

Specimen collection and 
preparation

2 ml of limosis vein blood 
(heparin anticoagulant) was 
collected from MM patients 
before chemotherapy and 
after 4-6 courses of treat-
ment of chemotherapy re- 
spectively. Then serum was 
extracted and reserved in 
EP tube at the temperature 
of -80°C after limosis vein 
blood was centrifuged at the 
speed of 2000 r/min for 10 
minutes (centrifugal radius 
was 8 cm). Operating steps 
followed the kit instructions. 
The methods of collection 
and preparation of speci-
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(r) were employed to analyze the correlation 
between serum IL-16 and β2-MG of MM 
patients. All statistical analyses were per-
formed using SPSS 19.0 for Windows (SPSS, 
Inc., Chicago, IL, USA). A P-value <0.05 was 
considered statistically significant.

Results

The comparison of the levels of serum IL-16, 
Cys-C, LDH and β2-MG between MM group 
(before therapy) and two controls

As shown in Table 1, the levels of serum IL-16, 
Cys-C, LDH and β2-MG in MM group were 
remarkably higher than that of normal control. 
It was of statistical significance of this differ-
ence (P<0.05). The difference of over-expres-
sion of IL-16 in MM group and AML group repre-
sented no statistical significance (P>0.05). 

The comparison of levels of IL-16, Cys-C and 
LDH among patients in MM group with differ-
ent ISS staging

As shown in Table 2, the higher levels of IL-16, 
Cys-C were observed in MM patients of Stage 
ΙΙΙ than that of patients of Stage Ι and ΙΙ (P<0.05) 
and the level of serum LDH was higher than 
that of patients of Stage Ι. It was of statistical 
significance of this difference (P<0.05), while 
the difference of levels of IL-16, Cys-C and LDH 
between patients of Stage Ι and ΙΙ reflected no 
statistical significance (P>0.05).

The comparison of levels of serum IL-16, Cys-C 
and LDH of MM patients before and after 
therapy

There was 39 MM patients received chemo-
therapy among the total 52 MM patients. Levels 

of serum IL-16, Cys-C and LDH of MM patients 
who received therapy were all lower than that of 
patients before therapy. It was of statistical sig-
nificance of this difference (All P<0.05, Table 
3).

The correlation between serum IL-16 and β2-
MG of MM patients

The serum IL-16 and β2-MG of 52 patients by 
preliminary diagnosis were analyzed through 
Pearson before they received therapy. The 
results showed that there was positive correla-
tion between levels of IL-16 and β2-MG 
(r=0.782, P<0.01, Figure 1).

Discussion

The pathogenesis of MM was complex. The 
change of the level of cytokines took effect in 
its occurrence and development [4]. Cytokines 
such as IL-6, IL-16 and TNF-α could be the auto-
crine or paracrine of both MM cells and marrow 
stroma cells, forming mutual response effect 
on the basis of cell factors so as to ultimately 
influence the proliferation, survival and migra-
tion of MM cells [5]. IL-16 was nonspecific 
multi-functional control agent, combined with T 
cell, eosinophilic granulocyte, dendrite cell and 
monocyte through receptor CD4 [6, 7] or CD9 
[8]. CD4(+) cells were recruited to inflammatory 
site by chemo taxis in order to provoke immune 
response. Meanwhile, IL-6, a kind of chemoat-
tractants, could stimulate the peripheral mono-
nuclear cells of CD14(+) CD4(+) to secrete pro-
inflammatory cytokine IL-1β, IL-6, IL-15 and 
TNF-α to participate in the proof procedure of 
immune diseases [9].

This research has found that the over-expressed 
IL-16 in MM patients would be declined by che-
motherapy. ELISA was applied to measure the 
levels of serum IL-16 in MM group and normal 
control. The results showed that compared with 
normal control, the level of serum IL-16 of MM 
patients by preliminary diagnosis was signifi-
cantly increased before therapy and it was pos-
itive correlation with clinical staging. Alexandra 
is et al. [10] have obtained the same results 
which indicated that the level of serum IL-16 
reflected the severity of diseases, which could 
be regarded as one of clinical staging gists. The 
over-expression of IL-16 was marked in a vari-
ety of solid tumors in some researches [11-13]. 
In this study, it was also observed that the level 
of serum IL-16 of MM patients was decreased 

Figure 1. Relationship between serum IL-16 and β2-
MG in MM patients before treatment.
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dramatically after therapy. Researches have 
stated that tumor burden could be reduced by 
chemotherapy medicine. However, there was a 
gap that whether the decreased level of serum 
IL-16 accounted for MM cells decreasing which 
induced the decrease of IL-16 so that bone 
marrow microenvironment was changed and 
clinical symptom was improved. This study has 
also found that the variation trend of the level 
of IL-16 was in accordance with the levels of 
serum LDG and Cys-C, which indicates that 
IL-16 like LDH and Cys-C could be the auxiliary 
index to reflect the tumor burden and prognos-
tic of MM patients.

Alexandrakis et al. [14] have reported that the 
levels of cell factors of MM patients such as 
serum IL-6R and angiogenine were increased 
significantly. And the increase degree was par-
allel to clinical staging and severity of diseases. 
It indicated that the level of IL-6 was concerned 
with MM progression and the severity. The 
research verified that the levels of serum IL-6 
and IL-16 of MM patients were both higher than 
that of normal people and there was positive 
correlation between them [10]. Presumably, 
IL-16 could be likely to take effect in the occur-
rence of MM just as IL-6.

There was no evidence to prove that IL-16 could 
induce apoptosis directly. However, bacteria 
and viruses could ultimately cause apoptosis 
through combining with receptor CD4 [15, 16]. 
Oken et al. [17] have also verified that the total 
number of T lymphocytes and the ratio of 
CD4(+) T cells were lower than that of normal 
people, and the increase of CD8(+) T cells 
expressed by HLA-DR could lead the decrease 
of the CD4/CD8 ratio. Moreover, the decrease 
degree was consistent with the decrease 
degree of patients’ survival time. In MM, the 
decrease of CD4(+) T cells could be mediated 
by activated CD8(+) T by IL-16 so as to induce 
immunoregulating disorder [18]. The reports by 
Atanackovic et al. [19] showed that over-
expressed IL-16 was observed in MM cell lines 
and MM cells from marrow of MM patients than 
that of normal people, which concluded that 
IL-16 could the autocrine of MM cells. In addi-
tion, the gene silence of IL-16 was caused by 
transfecting the intracellular IL-16 siRNA in MM 
cell line EJM and KMS-12-BM, and then it was 
found that the degree of MM cell proliferation 
was decreased by 80% compared to the former 
condition. Additionally, applied the monoclonal 

antibody of IL-16 could achieve the same result. 
Therefore, IL-16 was an important cell factor 
which could promote the MM cell proliferation 
and disease development.

Previous studies have verified that β2-MG could 
reflect the activity of MM cell proliferation and it 
could be regarded as independent prognostic 
factor of MM [20]. In this study, it was found 
that the level of serum IL-16 of MM patients 
was considerably higher than that of normal 
control and there was positive correlation with 
the level of β2-MG. It indicated that IL-16 was 
likely to be a significant prognostic evaluation 
index of MM just as β2-MG.

In conclusion, a high serum IL-16 level detected 
in newly diagnosed MM patients and its corre-
lation with known factors of disease activity as 
well as the decrease of IL-16 after chemothera-
py suggest that IL-16 may be implicated and a 
potential therapeutic target for MM.
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