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Abstract 

Background  Plasma cell neoplasm is characterized by complex genetic and prognostic heterogeneity. FAM72D, 
a gene located on chromosome 1, and the association between its expression and tumor progression and prognosis 
remain elusive.

Methods  The present study aims to assess FAM72D mRNA expression in 60 PCM patients and correlate its expression 
level with clinical and laboratory markers involved in diagnosing and prognosis of PCM using real-time PCR.

Results  Unpaired t-test revealed a significantly higher FAM72D expression level in the patients than in the control 
group with a median of 0.890 vs. /0.030, respectively, and p value = 0.000. The highest median level was denoted 
in newly diagnosed or relapsed patients (1.905, p value = 0.000). A significant positive correlation was found 
between FAM72D expression level and each of BMPCs count, M band, and β2 microglobulin (p = 0.000, p = 0.002, 
p = 0.024, respectively), and negative correlations with both serum albumin and hemoglobin level (p = 0.000, 
p = 0.035, respectively). The risk of relapse was 18.3-fold when the FAM72D level was greater than 1.547.

Conclusion  The higher FAM72D expression level in newly diagnosed and relapsed myeloma patients and its posi-
tive correlation with BMPCs confirm the stimulating effect of FAM72D on myeloma cell proliferation and its poor 
prognosis.
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Introduction
Plasma cell myeloma (PCM) is characterized by clonal 
proliferation of monoclonal immunoglobulin-producing 
plasma cells with multifocal propagation of those neo-
plastic cells in the bone marrow. It usually originates from 
a preceding asymptomatic stage known as monoclonal 
gammopathy of undetermined significance (MGUS) [1]. 
It accounts for about 2% of all cancers with a worldwide 
incidence of about 160,000 cases and a global mortality 

of about 106,000 patients for the year 2018, according to 
the International Agency for Research on Cancer (IARC) 
[2, 3].

A complex array of genetic and epigenetic changes 
leads to the neoplastic transformation of plasma cells, 
resulting in their uncontrolled growth within the bone 
marrow (BM) and secretion of large amounts of non-
functional monoclonal antibody (known as paraprotein 
or M protein) into the circulation [4]. Identification of 
these changes at diagnosis may be pivotal for better risk 
stratification of PCM patients.

Genetic aberrations include translocations mainly of 
the immunoglobulin heavy chain (IGH) locus on chro-
mosome 14q32, methylation modifications, gene dys-
regulation, and copy number abnormalities [5]. Gain and 
amplifications of the long arm of chromosome 1 (+1q) 
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are very common in newly diagnosed multiple myeloma 
patients (NDMM) and, recently, were proven to have an 
independent poor prognostic value in NDMM [6].

Family with sequence similarity 72 (FAM72) is a gene 
located on chromosome 1 with four paralogs (A-D) in 
humans [7]. In physiological states, FAM72 is expressed 
in the neural stem cells of the brain hippocampus. It is 
overexpressed in different cancers such as prostate can-
cer (FAM72B), and B cell lymphoma where FAM72B, C, 
and D were up regulated. Recently, FAM72D expression 
was implicated in the prognosis of PCM [8].

Our study aimed to assess FAM72D messenger ribo-
nucleic acid (mRNA) expression in PCM patients and 
correlate its expression level with clinical and laboratory 
markers used in diagnosing and prognosis of PCM.

Subjects and methods
Subjects
This prospective randomized study was conducted on 60 
PCM patients, attending the Haematology/Oncology unit 
of Ain Shams University Hospitals, during the period 
from January 2021 to December 2021. The selected 
patients were diagnosed according to the International 
Myeloma Working Group (IMWG) updated criteria for 
the diagnosis of multiple myeloma [9]. The patients were 
divided into two groups: Group I included thirty newly 
diagnosed or relapsed plasma cell myeloma patients and 
thirty follow-up cases of plasma cell myeloma in remis-
sion represented Group II.

In order to get a relative quantification of FAM72D 
mRNA expression, 20 age and sex-matched healthy sub-
jects with no history of any cancers were further included 
as a control group.

Informed consents were obtained from all enrolled 
subjects. The study was approved by the Scientific and 
Ethical Committee, Ain-Shams University (FMASU MD 
252/ 2020) and was in accordance with the Declaration 
of Helsinki.

Initial assessment
All the included subjects were subjected to comprehen-
sive history taking and thorough clinical examination, 
laying stress on the presence of anemic symptoms, bone 
aches, and renal impairment.

Two milliliters of EDTA (ethylene diamine tetra acetic 
acid) anticoagulated venous blood were collected from 
each patient to perform a complete blood count (CBC) 
using LH 750 cell counter (Coulter Electronics, Hialeah, 
FL, USA), with a morphologic examination of Leishman-
stained smears. Serum albumin, serum creatinine, serum 
protein electrophoresis, and ß2 microglobulin were ana-
lyzed using 3–4 ml of clotted venous blood.

Four-to-five milliliters of bone marrow aspirate were 
obtained, where the first 0.5 to 1  ml was used to pre-
pare Leishman-stained smears. One ml was collected 
on lithium heparin for cytogenetic analysis. The rest 
were divided into 2 K2-EDTA tubes in order to perform 
immunophenotyping (IPT) and PCR. All tests were per-
formed on the same day of collection except PCR sam-
ples were frozen at −80 °C till use.

IPT was performed on the Coulter Navios flow cytom-
eter (Coulter Electronics, Hialeah, FL, USA), using the 
standard panel for multiple myeloma.

Further assessment
Bone marrow samples were analyzed for the detection 
of FAM72D mRNA expression levels by real-time PCR 
(RT-q PCR) following TaqMan® Gene Expression Assays 
User Guide—single-tube assays (Publication Number 
4401212 & 4333458).

Total RNA was extracted from whole blood using 
GeneJET™ RNA Purification Kit supplied by Ther-
moFisher Scientific, USA. The samples were processed 
according to ThermoFisher Scientific reagents’ manual 
steps. Then reverse transcription of FAM72D mRNA 
into complementary DNA (cDNA) was done using the 
Thermo Scientific™ RevertAid™ First Strand cDNA 
Synthesis Kit. The target cDNA was amplified using 
TaqManR Genotyping master mix and ready-made 
TaqMan™ SNP genotyping assay supplied by Applied 
Biosystems, ThermoFisher Scientific, USA.

Relative quantification of the results was done (target 
gene versus control gene) after determining the cycle 
threshold (CT) for each sample. The ΔCT value for each 
sample was calculated (ΔCt = Ct target gene–Ct of house-
keeping or control gene). The average (mean) ΔCt was 
calculated for samples of the control group, and next, 
the ΔΔCT value for each sample was calculated by sub-
tracting the average ΔCT value of the calibrator from the 
ΔCT value of the experimental sample: ΔΔCT = ΔCT 
(sample)–average ΔCT (calibrator). Finally, the normal-
ized level of target gene expression was calculated using 
the following formula (2−(∆∆CT)).

Statistical analysis
The sample size was calculated using STATA® version 11 
programs, setting alpha error at 5% and power at 80%.

Data were collected, revised, coded, and entered into 
the Statistical Package for Social Science (IBM SPSS) ver-
sion 23.

The quantitative data with parametric distribution were 
presented as mean, standard deviations, and ranges while 
skewed data were presented as median with inter-quar-
tile range (IQR). Qualitative variables were presented as 
numbers and percentages. The chi-square test was used 
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to compare groups with qualitative data. The comparison 
between two groups with quantitative data and paramet-
ric distribution was done by using an independent t-test 
while the comparison between two groups with quanti-
tative data and non-parametric distribution was done by 
using the Mann–Whitney test. The comparison between 
more than two groups with quantitative data and non-
parametric distribution was done by using the Kruskal-
Wallis test. Spearman correlation coefficients were 
used to assess the correlation between two quantitative 
parameters in the same group.

The receiver operating characteristic curve (ROC) 
was used in the quantitative form to determine sensitiv-
ity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), area under the curve (AUC), 
and best cutoff point for FAM72 to predict relapse of 
the studied patients. The probability level (p-value) was 
considered non-significant (NS) if the p-value was ≥ 0.05, 
significant (S) if the p-value was < 0.05, and highly signifi-
cant (HS) if the p-value was < 0.01.

Results
Sixty PCM patients (30 newly diagnosed or relapsed 
represented group I and 30 in remission for group II) 
were enrolled in the study. Their age ranged from 33 to 
70  years with a mean of 54.9  years and a male/female 
ratio of 1.5:1.

Demographic, clinical, and laboratory characteristics of 
the studied patients are illustrated in Table 1.

The comparison between group I and group II demon-
strated a highly significant statistical difference as regards 
the anemic symptoms, bony aches, and international 
staging system (p value = 0.000). Moreover, a significant 
statistical difference was revealed upon comparing the 
two groups as regards all laboratory data except platelet 
count. Total leucocytic count (TLC), serum creatinine, 
β2 microglobulin, and bone marrow plasma cell counts 
(BMPCs) were higher in group I (p value = 0.043, 0.011, 
0.000, and 0.000, respectively). On the other hand, both 
hemoglobin and serum albumin were lower in group I (p 
value = 0.000 for both) (Table 2).

Table 1  Descriptive demographic, clinical, and laboratory data of the studied patients

TLC, total leucocyte count; SD, Standard deviation; n, number; Hb, hemoglobin; PLT, platelet; M band, monoclonal band; IQR, Interquartile range; BMPCs, bone marrow 
plasma cells

Parameter All patients n = 60 Group I n = 30 Group II n = 30

Age (years) Mean ± SD 54.93 ± 9.48 56.43 ± 8.60 53.43 ± 10.22

Gender n (%) Male 36 (60.0) 15 (50) 21 (70)

Female 24 (40.0) 15 (50) 9 (30)

Bone aches n (%) Yes 38 (63.3) 28 (93.3) 10 (33.3)

No 22 (36.7) 2 (6.7) 20 (66.7)

Anemic symptoms
n (%)

Yes 39 (65) 28 (93.3) 11 (36.7)

No 21(35.0) 2 (6.7) 19 (63.3)

Renal impairment
n (%)

Yes 14 (23.3) 10 (33.3) 4 (13.3)

No 46 (76.7) 20 (66.7) 26 (86.7)

International staging system
n (%)

I 31 (51.7) 5 (16.7) 26 (86.7)

II 12 (20.0) 8 (26.6) 4 (13.3)

III 17 (28.3) 17 (56.7) 0

TLC
(X103/μl)

Mean ± SD 6.31 ± 2.57 6.97 ± 3.03 5.64 ± 1.82

Hb
(g/dl)

Mean ± SD 10.82 ± 2.12 9.47 ± 1.63 12.16 ± 1.67

PLT
(X103/μl)

Mean ± SD 244.97 ± 108.16 228.03 ± 109.70 261.90 ± 105.71

Serum albumin
(g/dl)

Mean ± SD 3.35 ± 0.59 2.91 ± 0.40 3.79 ± 0.39

M band (g/dl)
n (%)

Absent 12 (20) 0 (0) 12 (40)

Present 48 (80.0) 30 (100) 18 (60)

S.creatinine
(mg/dl)

Median (IQR) 1 (0.8–1.5) 2.95 (0.95–6.3) 0.9 (0.8–1.1)

β2 microglobulin
(mg/L)

Median (IQR) 3.2 (2.5–5.7) 5.7 (3.9–10.5) 2.5 (2.1–2.9)

BMPCs (%) Median (IQR) 7.5 (3–55) 55 (30–80) 3 (1.5–4)

FAM72D Median (IQR) 0.89 (0.43–2.014) 1.905 (0.671–4.563) 0.747 (0.260–1.101)
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FAM72D mRNA median expression level was 0.89 
ranging from 0.43 to 2.014 with the highest median 
level in group I (1.905 and ranging from 0.671 to 4.563) 
with subsequent highly significant statistical differences 
between both groups (p value = 0.000) (Table 3). Further-
more, an unpaired t-test revealed a significantly higher 
FAM72D expression level in the patients than in the con-
trol group with a median of 0.890 vs 0.030, respectively, 
and p value = 0.000 (Fig. 1).

For further assessment of the role of FAM72D in 
PCM, patients were subdivided into FAM72D with a 
high expression level group (≥ 1) and FAM72D with a 
low expression level group (< 1) (46.7% & 53.3%). The 
study revealed that 78.6% of patients represented with 
bone aches and anemic symptoms had higher levels of 
FAM72D expression (p value = 0.022, p value = 0.039, 
respectively). Moreover, patients with elevated FAM72D 

expression levels had higher BMPCs (median = 57.5% vs/ 
3%, respectively, with p value = 0.000), and both serum 
albumin and hemoglobin levels were lower (p = 0.002 and 
0.047, respectively) (Table 4).

Table 2  Comparison between group I (Newly diagnosed/Relapsed) and group II (In remission)

TLC, total leucocyte count; SD, Standard deviation, n, number, Hb, hemoglobin, PLT, platelet; M band, monoclonal band; IQR, Interquartile range; BMPCs, bone marrow 
plasma cells
* Chi-square test
# Independent t-test

**Mann–Whitney test

Parameter Group I
n = 30

Group II
n = 30

p-value Significance

Age (years) Mean ± SD 56.43 ± 8.60 53.43 ± 10.22 0.224 NS#

Gender
n (%)

Male 15 (50) 21 (70) 0.114 NS*

Female 15 (50) 9 (30)

Bone aches
n (%)

Yes 28 (93.3) 10 (33.3) 0.000 HS*
No 2 (6.7) 20 (66.7)

Anemic symptoms
n (%)

Yes 28 (93.3) 11 (36.7) 0.000 HS*
No 2 (6.7) 19 (63.3)

Renal impairment
n (%)

Yes 10 (33.3) 4 (13.3) 0.067 NS*

No 20 (66.7) 26 (86.7)

International staging system
n (%)

I 5 (16.7) 26 (86.7) 0.000 HS*
II 8 (26.6) 4 (13.3)

III 17 (56.7) 0

TLC
(X103/μl)

Mean ± SD 6.97 ± 3.03 5.64 ± 1.82 0.043 S#

Hb
(g/dl)

Mean ± SD 9.47 ± 1.63 12.16 ± 1.67 0.000 HS#

PLT
(X103/μl)

Mean ± SD 228.03 ± 109.70 261.90 ± 105.71 0.228 NS#

Serum albumin
(g/dl)

Mean ± SD 2.91 ± 0.40 3.79 ± 0.39 0.000 HS#

M band (g/dl)
n (%)

Absent 0 (0) 12 (40) 0.000 HS*

Present 30 (100) 18 (60)

S.creatinine
(mg/dl)

Median (IQR) 2.95 (0.95–6.3) 0.9 (0.8–1.1) 0.011 S**

β2 microglobulin
(mg/L)

Median (IQR) 5.7 (3.9–10.5) 2.5 (2.1–2.9) 0.000 HS**

BMPCs (%) Median (IQR) 55 (30–80) 3 (1.5–4) 0.000 HS**

Table 3  Comparison of FAM72D expression level between 
group I (Newly diagnosed and relapsed) and group II (In 
remission)

Bold value indicates statistically significant

IQR = interquartile range, HS = highly significant (p < 0.01)

Mann–Whitney test

Parameter Group I
n = 30

Group II
n = 30

P value Significance

FAM72D
Median (IQR)

1.905 (0.671–
4.563)

0.747 (0.260–
1.101)

0.000 HS
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A significant positive correlation was found between 
FAM72D expression level and each of BMPCs count, 
M band, and β2 microglobulin (p = 0.000, p = 0.002, 
p = 0.024, respectively). In contrast, significant negative 
correlations were present between FAM72D expression 
level and both serum albumin and hemoglobin levels 
(p = 0.000, p = 0.035, respectively).

To determine the performance of FAM72D expression 
level in discriminating between remitted and relapsed 
patients, a cut-off value was established according to the 
ROC curve. A cut-off value of > 1.547 was found to have 
a sensitivity of 56.67% and a specificity of 93.33% (Fig. 2).

Finally, univariate logistic regression analysis showed 
that the risk of relapse is 18.3 folds when the FAM72D 
level is greater than 1.547.

Discussion
Despite the relative uniformity of its dominant plasma 
cells which represent the terminal stage of normal B-cell 
differentiation, plasma cell myeloma is considered a com-
plex neoplasm. Trisomies of odd-numbered chromo-
somes, occurring at the early premalignant stages, are 
considered primary cytogenetic abnormalities and are 
potentially involved in disease pathogenesis [10]. More-
over, t(4;14), t(14;16) and del (17p) have been incorpo-
rated in the revised international staging system (RISS) 
as high-risk factors which strengthen the importance of 
cytogenetic abnormalities as prognostic factors in newly 

diagnosed myeloma patients [11]. Furthermore, the gain 
or amplification of chromosome arm 1q21 (1q21 +) 
occurs in 40% of patients at diagnosis and is considered a 
secondary genomic event with more amplification as the 
tumor progresses denoting that it is one of the most fre-
quent adverse chromosomal aberrations in PCM [12].

FAM72 is a gene located on chromosome 1 with four 
paralogues (A-D) in humans [7]. It may promote the 
occurrence and development of cancers in tissues and is 
involved in cancer cell division, proliferation, and differ-
entiation. Additionally, high levels of FAM72 are associ-
ated with hypomethylation and affect the prognosis of 
various cancers [13]. This is consistent with Feng et  al., 
study data that showed that the FAM72 gene family pre-
cipitate cancer development and progression in both 
mice and humans, and its expression correlates with 
a higher mutation load in many tumor types as well as 
poorer survival [14].

To our knowledge, only one research studied the role 
of FAM72D in PCM [15]. So, we performed this study to 
highlight the role of FAM72D in PCM patients and cor-
relate its expression level with clinical and laboratory 
markers used in the diagnosis and prognosis of PCM.

The significantly higher FAM72D expression level in 
the patients than in the control group demonstrated in 
our study was in accordance with Qu and his colleagues 
who suggested that there may be an association between 
FAM72D and tumorigenesis, playing a crucial role in this 

Fig. 1  Comparison of FAM72D expression level between the patients and control group
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process. Also, FAM72D upregulation in nearly all tumor 
tissues compared to normal tissues highlights its signifi-
cance in cancer development [16].

Our study revealed that the highest level of FAM72D 
mRNA median expression was in the newly diagnosed/
relapsed group of patients. This finding was in agree-
ment with Chatonnet et al., (2020) who observed that the 
FAM72D, located in the 1q21 region amplified in high-
risk myeloma patients, was associated with poor progno-
sis [15].

Moreover, we found a positive correlation between 
FAM72D expression and BMPC count, M band, and β2 

microglobulin, denoting that FAM72D may be a prolif-
eration marker for myeloma. This finding goes with the 
results of Chatonnet et al.  [15], who found a significant 
correlation between FAM72 expression and plasma cell 
labeling index. Also, Hanamura et  al.  [17] found that 
amplification of 1q21 and possibly overexpression of its 
genes occurs in parallel with disease progression from 
MGUS to relapsed PCM. Finally, FAM72D expression 
was associated with proliferation in hepatocellular car-
cinoma [18]. This proliferation effect of FAM72 could 
be due to that FAM72D coexpressed genes were sig-
nificantly associated with the M phase of the cell cycle 

Table 4  Comparison between different patients as regards the levels of FAM72D expression

Bold values indicate statistically significant

TLC = total leucocyte count, SD = Standard deviation, n = number, Hb = hemoglobin, PLT = platelet, M band = monoclonal band, IQR = Interquartile range, 
BMPCs = bone marrow plasma cells

HS = highly significant (p value < 0.01), S = significant (p value < 0.05), NS = non- significant (p-value > 0.05)
* Chi-square test
#  Independent t-test **Mann–Whitney test

Parameter FAM72D ≥ 1
n = 28

FAM72D < 1
n = 32

p-value Significance

Age (years) Mean ± SD 54.11 ± 9.45 55.66 ± 9.61 0.533 NS#

Gender
n (%)

Male 16 (57.1) 20 (62.5) 0.673 NS*

Female 12 (42.9) 12 (37.5)

Bone aches
n (%)

Yes 22 (78.6) 16 (50.0) 0.022 S*

No 6 (21.4) 16 (50.0)

Anemic symptoms
n (%)

Yes 22 (78.6) 17 (53.1) 0.039 S*

No 6 (21.4) 15 (46.9)

Renal impairment
n (%)

Yes 8 (28.6) 6 (18.8) 0.370 NS*

No 20 (71.4) 26 (81.3)

International staging system
n (%)

I 12 (42.9) 19 (59.4) 0.209 NS*

II 5 (17.9) 7 (21.9)

III 11 (39.3) 6 (18.8)

TLC
(X103/μl)

Mean ± SD 6.16 ± 3.14 6.43 ± 1.97 0.695 NS#

Hb
(g/dl)

Mean ± SD 10.24 ± 2.09 11.32 ± 2.05 0.047 S#

PLT
(X103/μl)

Mean ± SD 242.04 ± 112.53 247.53 ± 105.94 0.846 NS#

Serum albumin
(g/dl)

Mean ± SD 3.11 ± 0.53 3.56 ± 0.57 0.002 HS#

M band (g/dl)
n (%)

Absent 25 (89.3) 23 (71.9) 0.093 NS*

Present 3 (10.7) 9 (28.1)

S.creatinine
(mg/dl)

Median (IQR) 1.05 (0.8–5) 0.9 (0.8–1.2) 0.340 NS**

β2 microglobulin
(mg/L)

Median (IQR) 4 (2.7–8.25) 2.9 (2.3–4.55) 0.076 NS**

BMPCs (%) Median (IQR) 57.5 (4.75–82.5) 3 (1.75–21) 0.000 HS**
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which regulation comes from the interaction between 
FOXM1 and FAM72A to D. Loss of function of FOXM1 
or FAM72 leads to significant mitotic abnormalities. In 
addition, overexpression of FAM72 resulted in enhanced 
growth and response to IL6 which is a main PCM growth 
factor [15].

All these facts go with the poor prognostic effect of 
FAM72D which was further demonstrated by univariate 
logistic regression analysis which showed that the risk of 
relapse is 18.3 folds when the FAM72D level is greater 
than 1.547. Moreover, high expression levels of FAM72D 
were associated with resistance to bortezomib [15].

Conclusion
Our study is considered one of the rarest studies that 
tried to clarify the role of FAM72D in PCM development 
and proliferation. Their routine inclusion in the genetic 
work-up of patients with PCM may be beneficial for bet-
ter characterization and subclassification of this disease 
category and for selecting patients who are expected to 
benefit the most from new treatment strategies.
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