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Introduction: Multiple myeloma (MM) is a cancer that shapes from 

excessive amounts of a monoclonal immunoglobulin (Ig) which accumulate 

in the bone marrow, where they assemble healthy blood cells.  

Materials and Methods: there are two lines was dealt with it: For in vivo the 

study involved 80 multiple myeloma Patients grouped according sessions of 

chemotherapy (new diagnosis without treatment, and patients subjected to 

six sessions of chemotherapy treatment) for each group the following 

biochemical parameters were measured Growth differentiation factor 15 

(GDF-15), albumin, calcium, C-reactive protein(CRP) in serum. In vitro was 

measured Growth differentiation factor 15 on RPMI 8226 cell line of 

multiple myeloma with mixture of chemotherapy (Mix1) and with 

combination of standard chemotherapy and antideportation paroxetine 

(Mix2). 

Results: In serum Growth differentiation factor 15 was showed significantly 

increased (p<0.05) for 1st cycle and 6th Cycle in comparison with new 

diagnosis group, for other cycles there are no significant difference. For 

Serum albumin, calcium and, C-reactive protein were appeared no 

significant between-groups differences when compared with their new 

diagnosis patients’ group. In vitro Growth differentiation factor 15 was 

appeared significant different when compared results of cell line with Mix1 

in comparison to Mix2. 
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1. Introduction 

Multiple myeloma (MM) is a cancer of plasma 

cells, which malignant plasma cells collect in the 

bone marrow and produce lytic bone lesions and 

excessive quantities of a monoclonal 

immunoglobulin (Ig) [1, 2]. A one mass of myeloma 

cells is called a solitary plasmacytoma, which is 

overwhelmingly found in the bones but can also be 

found in soft tissue called an extramedullary 

plasmacytoma [3]. It’s a cancer distinguish by 

plasma cells that reproduce very quickly and don’t 

turn off  when they should, this overgrowth 

inhibits the immune system and disrupts the 

continual process of bone remodeling[4, 5].Instead 

of creating antibodies that assist in fighting 

infection, myeloma cells develop essentially useless 

antibodies called “monoclonal” or “M” protein[6]. 

Multiple myeloma (MM) accounts for 

approximately 10% of hematologic malignant 

disorders [7, 8]. The median age for this disease at( 

66–70) years with 37% of patients less than 65 

years, and only 2% of patients are younger than 40 

years of age at diagnosis[9, 10]. The bone marrow 

(BM) of patients with MM contains malignant 

plasma cells, that output of cytokines, or activating 

BM cell secretion, which contribute to the 

unbalance between bone resorption and formation, 

resulting in the development of osteolytic 

lesions[11, 12]. Bortezomib (BTZ) is the first 

therapeutic proteasome inhibitor to be tested in 

humans[13]. BTZ is a boron containing molecule, 

which specifically and reversibly inhibits the 

threonine residue of the 26S protease [14]. Despite 

the initial success of bortezomib therapy, multiple 
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myeloma remains incurable due in part to the 

emergence of bortezomib-resistant (BZR) cells 

rapidly develops in the majority of patients, so 

combination with  cyclophosphamide reduced cell 

viability and the mixture is a well- endured 

regimen producing high overall and complete 

response rates, with little increase in toxicity 

compared to bortezomib alone[15]. 

Cyclophosphamide (CP) is a cancer medication 

used as chemotherapy that interferes with the 

growth and spread of cancer cells in the body. As 

chemotherapy it is used to treat lymphoma, 

multiple myeloma, leukemia, ovarian cancer, 

breast cancer, small cell lung cancer, 

neuroblastoma, and sarcoma. It is taken by mouth 

or injection into a vein. CP a prodrug that is 

enzymatically converted to the cytotoxic 4-

hydroxycyclophosphamide (4OHCP) by hepatic 

enzymes [16]. Paroxetine is an antidepressant of 

the selective serotonin reuptake inhibitor (SSRI) 

class [17]. Paroxetine is a mechanism-based 

inhibitor of Cytochrome P450 2D6 (CYP2D6) [18]. 

Paroxetine play important role as efflux pump 

inhibitor for cancers by take role as P‑glycoprotein 

inhibitors are competitive substrates for P ‑

glycoproteins, as shown in research, PO 

Ughachukwu, et al., [19]. There are many 

biochemical parameter which can reflect the effect 

of standard chemotherapy of cancer on body for 

multiple myeloma, Growth differentiation factor 15 

(GDF-15) is a protein member of the transforming 

growth factor β (TGF- β) cytokine superfamily [20]. 

It is produced in low amounts under baseline 

conditions in most tissues such as brain, liver, 

kidney, pancreas, but not normally in many other 

organs including the heart. It is high level in 

placenta and moderately in prostate [21]. Because 

GDF15 protein concentration can be easily 

determined in the circulation, many studies have 

identified it as an important plasma biomarker 

that relate with several diseases [22-28]. Human 

albumin (HA) is the most plentiful circulating 

protein in the plasma of healthy individuals, since 

it reflects about 50% of the total protein content 

[29]. Serum albumin reflects the interleukin-6 (IL-

6) levels which is inversely proportional with it, 

and reflects IL-6 effects on the liver [30]. Albumin 

reflects the severity of  MM disease [31], albumin 

concentration decreases notably in patients' 

serum< 3.5 g/dL.  Calcium is the most bountiful 

mineral element in the body. About 98% of calcium 

in the adult is in the shape of hydroxyapatite in 

the skeleton [32]. Identified serum calcium as an 

important plasma biomarker for the multiple 

myeloma [33]. Calcium concentration increase 

notably in patients’ serum >11mg/dl[34]. C-

reactive protein (CRP) is protein structure and are 

dependent on calcium for ligand binding, found in 

blood plasma[35], and is a polypeptide secreted by 

hepatocytes in response to IL-6; hence, it can be 

used as a surrogate marker for IL-6 in the serum 

[36, 37]. CRP an important plasma biomarker for 

the multiple myeloma [37], which it concentration 

elevates notably in patients’ serum > upper normal 

limit (8 mg/L) [38]. 

 

2. Materials and Methods   

Eighty multiple myeloma cancer patients were 

investigated with their ages in the range 32-85 

years of both males (37) and females (43). Bloods 

were collected from the patients attended Baghdad 

Teaching Hospital, Medical city, in Baghdad, Iraq.  

The patients were chosen according to cycles of 

chemotherapy that were taken. During the period 

from November 2018 to April 2019. About 5 ml of 

blood sample was drawn from each patient. Collect 

whole blood in a covered a gel tube, allowed to clot 

at room temperature for 20 minutes; the clot was 

removed by centrifuging at 3500 (r.p.m) for 10 

minutes. Serum for each sample divided to several 

parts and transferred to clean Eppendorf tubes 

using micropipette and all tubes stored at -30C 

until the time of analyzed [39]. The parameters 

and techniques  used in this study were; Serum 

Growth differentiation factor 15 (GDF-15) ( Kit 

provided by SHANGHAI YEHUA Biological 

Technology)/ enzyme-linked immune sorbent assay 

(ELISA) are used in this analysis, Serum C-

reactive protein (CRP ) (Kit provided by Bio 

Systems S.A -Barcelona /Spain  ) latex 

agglutination are used in this analysis, Serum 

Calcium ( Kit provided by Bio Systems S.A -

Barcelona /Spain )/ spectrophotometer technique 

are used in this analysis, Serum Albumin ( Kit 

provided by Bio Systems S.A -Barcelona /Spain )/ 

spectrophotometer technique are used in this 

analysis. 

The Statistical Analysis System- SAS (2012) 

program was used to detect the effect of difference 

factors in study parameters. Least significant 

difference –LSD test (Analysis of Variation-

ANOVA) was used to significant compare between 

means. Estimate of Correlation coefficient between 

parameters in this study. The figures were done by 

used Microsoft Excel program in vivo and in vitro. 

In vivo difference considers significantly at * 

(P<0.05), but for in vitro at (** p ≤ 0.01) and (* p ≤ 

0.05) [40]. 
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3. Results and Discussion 

First lines: we worked on four biochemical 

parameters in vivo. The result of GDF15 protein 

level in serum samples of MM patient’s groups 

which were divided into groups according to 

number cycles of chemotherapy are shown in the 

Table 1 and Figure 1. 

 

Table 1. Serum GDF15 concentration (ng/L) in MM 

patients, compared between patient’s groups (new 

diagnosis and patients took cycles of 

chemotherapy). 

Cycle No Mean ± SE of GDF-15 

New diagnosis 6 393.85 ± 226.55 b c 

Cycle 1st 9 692.33 ± 383.32 a 
Cycle 2nd 9 173.83 ± 16.86 c 
Cycle 3rd 8 539.97 ± 308.37 ab 
Cycle 4th 16 425.06 ± 168.72 ab 
Cycle 5th 8 149.92 ± 6.96 c 
Cycle 6 (or more) 24 602.70 ± 202.60 a 
LSD value --- 289.73 * 
P-value --- 0.0377 
a, b, c, Different letters: significant * (P<0.05) between 
the means of column. 
 

 

 
Figure 1. Serum GDF15 concentration (ng/L) in 

MM patients 

 

The mean level GDF15 in MM patients for cycle 

1st (692.33 ± 383.32) and Cycle 6th (602.70 ± 

202.60) were showed significantly increased 

(p<0.05) in comparison with new diagnosis group 

(393.85 ± 226.55) as shown Table (1.1), GDF15 is 

produced in low amounts under baseline conditions 

in most tissues [21], Overexpression of GDF15 by 

bone marrow mesenchyme stem cells occurs widely 

in patients with MM [23, 24, 41]. For first cycle 

may be due to taking the combinations of 

chemotherapy drugs by patients, which effects on 

the most cells of body infected and healthy cells 

that led to kill some of these cells and secretion of 

its components in the blood circulation, which 

made to a high rate in this components and 

including GDF15. As for 6th cycle concentration 

increasing, may be result of malignance cells of 

MM resistance to chemotherapy, which made the 

cells secreted high level of GDF15, or may be 

because small samples size. That possibly explains 

the reason of rise level of GDF15 in these two 

groups of samples. For cycle 2nd (173.83 ± 16.86), 

cycle 3rd (539.97 ± 308.37), cycle 4th (425.06 ± 

168.72) and cycle 5th (149.92 ± 6.96) there are no 

significant difference, which maybe refer to 

response patients to chemotherapy, or there no 

response at all and the tumor state as is begin. 

When compared the mean of albumin of group’s 

patients (from 1st cycle to 6th cycle) with group 

(new diagnosis) of patients, was noted non-

significant, as shown in table 2 and figure 2. 

 

Table 2. Serum albumin concentration (g/dl) in 

MM patients, compared between patient’s groups 

(new diagnosis and patients took cycles of 

chemotherapy). 

Cycle No Mean ± SE of Albumin 
(g/dl) 

New Diagnosis 
Patients ab 

6 5.15 ± 0.70 

Cycle 1st 9 4.90 ± 0.46 ab 
Cycle 2nd 9 4.87 ± 0.18 ab 
Cycle 3rd 8 4.43 ± 0.59 b 
Cycle 4th 16 5.01 ± 0.32 ab 
Cycle 5th 8 4.21 ± 0.37 ab 
Cycle 6 or more 24 5.68 ± 0.21 a 
LSD value --- 1.194 * 
P-value --- 0.0459 
a, b, Different letters: significant * (P<0.05) between 
the means of column. 
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Figure 2. Serum albumin concentration (g/dl) in 

MM patients. 

 

 

Although the Mean of cycle new diagnosis (6 

patients) appear within the normal range of 

albumin which contrasts with the reality of the 

patients of MM, who suffers from abnormal results 

of albumin before undergoing to treatment 

sessions, but when detailing the results collected 

from patients observed the level of albumin for (2) 

patients of them was lower than 3.5 (g/dl), 

hypoalbuminemia reflected the severity of MM, 

decreased levels of albumin may result from 

decreased synthesis. Serum albumin reflects the 

interleukin-6 levels, the liver function and the 

nutritional status [30, 42]. These results of lower 

serum albumin in patients of MM correspond with 

a number of studies [33, 43, and 44]. For the rest of 

(4) patients were showed a significant increase 

more than 5.5 (g/dl), which Increase in serum 

albumin concentration may be attributed to protect 

against early glycemic deterioration and 

progression to type 2 diabetes [205], high 

percentage of patient s’ MM have diabetes, whose 

appearance coincided with the disease, this 

information was took from patients’ records in 

hospital. In the rest of groups, too, was observed 

an elevation in serum albumin for some patients, 

despite of receiving the chemotherapy, that may be 

because acute dehydration [45], because diarrhea 

is one of the main drawbacks for cancer patients 

which accompanies most cancer patients receiving 

chemotherapy [46].  

 

The 'Mean' gradually decreased to reached the 

lowest stage in third session  of chemotherapy (3rd 

cycle)(4.43 ± 0.59 g/dl) compared with new 

diagnosis (5.15 ± 0.70 g/dl),  and then rose again in 

(cycle 4th) (5.01 ± 0.32 g/dl) and (6th cycle )(5.68 ± 

0.21g/dl) , may be refer to success of treatment to 

this session and then raised the resistance to 

treatment in the following sessions or simply this 

happen because the small sample size  taken from 

patients in  this sessions.  

 

Can be notes the mean level of cycles 1st, cycle2nd, 

and cycle6th) higher than range of calcium in blood 

(8.5 - 10 .5) mg/dl [47], for the rest of cycles (cycle 

3rd, cycle 4th, and cycle 5th) at the maximum 

value of the level. The mean level of serum calcium 

in MM patients for cycle 1ST (11.67 ± 1.02), cycle 

2nd (11.28 ± 0.42), cycle 3rd (10.68 ± 1.35), cycle 

4th (9.79 ± 1.14), cycle 5th (10.52 ± 1.88) and cycle 

6th or more (13.21 ± 0.93) when comparison with 

new diagnosis patients (11.94 ± 1.75 ) there are 

non-significant as shown in table3 and figure 3, 

this results probably reflects the success of 

chemotherapy by prevent the deterioration of the 

patient's condition, or possibly because small 

samples size. Except when compare cycle 6th 

(13.21 ± 0.93) with cycle 4th (9.79 ± 1.14) calcium 

show high significant increase with P<0.05, 

Perhaps in cycle 4th session of treatment the best 

response is achieved. 

 

Table 3. Serum calcium concentration (mg/dl) in 

MM patients, compared between patient’s groups 

(new diagnosis and patients took cycles of 

chemotherapy). 

Cycle No Mean ± SE of Ca 

(mg/dl) 

New cycle 6 11.94 ± 1.75 ab 

Cycle 1st 9 11.67 ± 1.02 ab 

Cycle 2nd 9 11.28 ± 0.42 ab 

Cycle 3rd 8 10.68 ± 1.35 ab 

Cycle 4th 16 9.79 ± 1.14 b 

Cycle 5th 8 10.52 ± 1.88 ab 

Cycle 6 or more 24 13.21 ± 0.93 a 

LSD value --- 3.013 * 

P-value --- 0.04264 

a, b, Different letters: significant * (P<0.05) 

between the means of column. 
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Figure 3. Serum calcium concentration (g/dl) in 

MM patients. 

 

It is observed that results of four of groups (new 

dignosis, 1thcycle, 2nd cycle, and 6th cycle or 

more), it indicates a height in concentration of 

calcium above the reference values, which can 

account for this disease is associated with 

excessive tumor-induced, osteoclast-mediated bone 

destruction, which causes of hypercalcemia is 

widespread by tumor-induced bone destruction 

[48], These results of higher serum calcium in 

patients of MM correspond with a number of 

studies [48-50]. 

        

 

Table 4. C - reactive protein concentration (mg/l) in 

MM patients, compared between patient’s groups 

(new diagnosis and patients took cycles of 

chemotherapy). 

Cycle No Mean ± SE of CRP (mg/l) 

New cycle 6 13.33± 4.46 ab 

Cycle 1st 9 13.33 ± 1.98 ab  

Cycle 2nd 9 10.67 ± 1.88 b 

Cycle 3rd 8 17.00 ± 3.52 a  

Cycle 4th 16 12.00 ± 1.78 ab 

Cycle 5th 9 17.60 ± 6.40 a 

Cycle 6 or more 24 11.67 ± 1.73 ab 

LSD value --- 6.198 * 

P-value --- 0.04923 

a,b, different letters: significant * (P<0.05) between the 
means of column. 

 

 
Figure 4. C-Reactive Protein concentration (g/dl) in 

MM patients. 

 

The mean level of serum CRP in MM patients for 

cycle 1st (13.33 ± 1.98), cycle 2nd (10.67 ± 1.88 ), 

cycle 3rd (17.00 ± 3.52 ), cycle 4th (12.00 ± 1.78 ), 

cycle 5th (17.60 ± 6.40) and cycle 6th or more 

(11.67 ± 1.73 ) there are no significant difference 

when comparison with new diagnosis patients 

(13.33± 4.46) as shown table (3.3), while there is 

high significant (P<0.05) when compare cycle 2nd 

with cycle 3rd and cycle 5th. All groups are showed 

height from CRP normal range (0.8 - 3.0 mg/L), 

which might be serve as an indicator of infection 

and inflammation, Interleukin-1β (IL- 1β) and 

tumor necrosis factor-α (TNF-α), both cytokines for 

MM, also lead to increased production of CRP [51]. 

CRP is a polypeptide secreted by hepatocytes in 

response to IL-6; hence, it can be used as a 

surrogate marker for IL-6 in the serum [52]. These 

results of height serum CRP in patients of MM 

correspond with a number of studies [36, 38, 53].  

 

Second lines: Was defined the effect of drugs 

mixture Mix1(Bortezomib10% and 

Cyclophosphamide 90%) & Mix2 (Bortezomib plus 

Cyclophosphamide 50% with paroxetine 50%) on 

GDF15 production by RPMI-8226 cells, the cells 

were first treated with different concentrations of 

both combinations (1000, 500, 250 and 125 μM).as 

could see in Table (5). We could see the effect of 

mix1from 125 μM (68.71%) to 1000 μM (51.14%) on 

secretion of GDF15 from cells line of MM, were 

appeared marked decrease in concentration of the 

secreted parameter, and corresponds to increasing 

the concentration of Mix1. Were noted the same 

effect by Mix2 from 125 μM (38.21%) to1000 μM 

(33.29%), which reduced the secreted GDF15 by 

increasing the concentration of Mix2, as shown in 

figure 5. By measuring protein GDF15 
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concentrations in vivo and vitro, that can give us 

an idea of the effect of treatment Mix1 and Mix2 

and which one of them more effect.  GDF15 

concentration remained constant in vivo, whereas 

the change was significantly in vitro when 

confronted the effect of Mix1 and Mix2 on level of 

GDF15 in cell line. This is evident in figure 6. We 

can conclude that paroxetine achieves promising 

results by enhancing the effect of chemotherapy on 

multiple myeloma cancer. 

 

 
Table 5. effect of Mix1 & Mix2 on GDF15 and compared the results between each other. 

For GDF15 in untreated cell was undetected, may be due to concentrations of GDF15 under detection limits. 
 
 
 

 

 
Figure 5. Effect of Mix1 & Mix2 on GDF15 and 

compared the results between each other. 

 

 

4. Conclusions  

In conclusion the biochemical parameters 

concentration measured in vivo in this study 

including (GDF15) didn’t affected by scissions of 

chemotherapy. The results led us to recommended 

either to use larger sample size or use more 

sensitive biochemical parameter to observe the 

change made it by these treatments or simply the 

effect is just deterring disease to be worsen 

especially all these parameters are in it reference 

value. For other biochemical parameters, height 

level calcium indicates to the severity of disease by 

reflect the tumor-induced bone destruction in 

patients. CRP which might be serve as an 

indicator of infection and inflammation in patients 

of MM. In this study albumin level refers that 

chemotherapy led to its stability and maintaining 

the disease does not deteriorate. In other hand in 

vitro study, added paroxetine to chemotherapy Mix 

1(BTZ and CP) in cell line of MM, lead to 

significantly change in proportions of survivals 

compared with Mix1 alone. These results are 

promising for use as paroxetine to enhancing 

chemotherapy effects in remedy the disease. 
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