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The Expression and Clinical Significance of
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SUMMARY

Background: Multiple myeloma (MM) is a hematologic malignancy caused by the malignant proliferation of plas-
ma cells, which lacks diagnostic markers. This study further explores the clinical significance and applicability of
serum IncRNA TTTY15 in MM diagnosis and treatment.

Methods: Using quantitative real-time polymerase chain reaction (QRT-PCR), we measured its relative expression
in male MM patients vs. healthy controls, analyzing correlations with MM clinicopathological features and tradi-
tional markers ALB, B2-MG to assess its potential in MM auxiliary diagnosis.

Results: Serum TTTY15 expression in male multiple myeloma (MM) patients was significantly higher than in
healthy controls (p < 0.001). In 30 followed-up male MM patients, serum TTTY15 levels decreased after three
months of chemotherapy compared to pre-treatment values. Furthermore, TTTY15 expression correlated with al-
bumin levels and renal injury (both p < 0.05). Combining TTTY15 with ALB and B>-MG improved diagnostic
performance for MM.

Conclusions: Serum TTTY1S5 was variably expressed in MM patients, indicating that serum TTTY15 may be a
novel biomarker for MM diagnosis and dynamic monitoring.
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MM - multiple myeloma

IncRNA - long noncoding RNA

cDNA - complementary DNA
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B2-MG - Bo-microglobulin

ROC - receiver operating characteristic
AUC - area under the curve

PPV - positive predictive value

NPV - negative predictive value
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INTRODUCTION

Multiple myeloma (MM) is a hematologic malignancy
characterized by abnormal clonal proliferation of plas-
ma cells in the bone marrow, predominantly affecting
middle-aged and elderly populations, with a signifi-
cantly higher incidence in males than in females [1].
MM often involves multiple systems throughout the
body, commonly presenting with symptoms such as
anemia, hypercalcemia, bone pain, renal impairment,
and immune dysfunction [2]. The disease has an insidi-
ous onset and lacks specific clinical manifestations, the
probability of misdiagnosis or missing diagnosis is sig-
nificantly elevated. Laboratory tests such as bone mar-
row cytology and serum protein electrophoresis hold
certain diagnostic significance and value for MM, yet
they suffer from limitations including high false-posi-
tive and false-negative rates, poor specificity, and low
sensitivity. Consequently, in recent years, researchers
worldwide have focused on exploring minimally inva-
sive biomarkers with high sensitivity and good speci-
ficity to enhance the efficiency of early auxiliary diag-
nosis for MM.

Long noncoding RNAs (IncRNAs) are RNA molecules
exceeding 200 nucleotides in length. They have diverse
biological origins, lack protein-coding functions, and
possess highly conserved secondary and tertiary struc-
tures [3]. IncRNAs are involved in various biological
processes such as chromatin remodeling, cell differen-
tiation regulation, DNA methylation, and histone modi-
fication, playing crucial roles in physiological and/or
pathological processes within organisms [4]. Abnormal
expression of IncRNAs can lead to abnormal tissue
growth and differentiation, promoting tumor develop-
ment. Many scholars both domestically and interna-
tionally have identified numerous dysregulated Inc-
RNAs in tumor plasma cells through microarray analy-
sis and RNA sequencing techniques, revealing their
prognostic features [5-9]. These results indicate that Inc-
RNAs have independent predictive roles in the disease
outcome of MM. They also highlight the importance of
elucidating the molecular pathways by which specific
dysregulated IncRNAs affect myeloma cell growth, dis-
ease progression, and treatment response.
Y-chromosome-localized factors may be potential gene
therapy targets, since the Y chromosome is haploid and
has a smaller genome, making gene editing more effi-
cient compared to other chromosomes. The fact that
women can survive healthily without a Y chromosome
suggests that targeting factors on the Y chromosome for
drug therapy may cause fewer side effects, offering sig-
nificant advantages in treatment. MM occurs at a signif-
icantly higher rate in men than in women, which may be
related to genetic susceptibility. IncRNA TTTY15 lo-
cated on the Y chromosome has been confirmed to be
an oncogenic factor in various tumors [10,11], but its
clinical significance in MM remains unproven. This
study uses reverse transcription quantitative polymerase
chain reaction (qRT-PCR) to detect differences in

TTTY15 expression between male MM patients and
healthy controls, analyzing its correlation with clinical
pathological features and traditional auxiliary diagnostic
indicators of MM, to explore the clinical significance of
TTTY15 in the early auxiliary diagnosis of MM.

MATERIALS AND METHODS

From January 2019 to August 2020, serum samples of
102 male patients clinically diagnosed with MM were
collected at the Affiliated Hospital of Nantong Univer-
sity. All patients met the diagnostic criteria for MM,
with ages ranging from 43 to 81 years and an average
age of 63 years. All enrolled patients were newly diag-
nosed and had not received any treatment. During the
same period, serum samples from 96 healthy controls
who underwent physical examinations at the same hos-
pital were collected as the control group. In the healthy
control group, the ages ranged from 40 to 83 years, with
an average age of 56 years. This study was approved by
the Ethics Committee of the Affiliated Hospital of Nan-
tong University.

Instruments

Total RNA was extracted from 300 puL serum by using
a serum extract Kit (Life Technologies, USA). The ex-
tracted total RNA was reverse-transcribed into single-
stranded cDNA using a reverse transcription kit
(Thermo Fisher Science, USA). Reverse transcription
amplification instrument (BIO-RAD, USA). The ex-
pression of TTTY 15 in serum samples was detected by
LightCycler cobas Z480 PCR (Roche Diagnostics, Ger-
many). The TTTY15 and 18S primers (Ribaud Corpo-
ration, Guangzhou, China). Biochemical index deter-
mination was carried out with the AU5800 fully auto-
matic biochemical analyzer (Beckman Coulter, USA).

Methods sections

Collect 5 mL of blood specimens from subjects using
red vacuum collection tubes containing separation gel.
After centrifugation at 4,000 r/minute for 8§ minutes at
room temperature, transfer the upper-layer serum into
1.5 mL RNase-free EP tubes and store them at -80°C for
later use. Extract total RNA from 400 pL of serum ac-
cording to the manufacturer's protocol. Detect the ab-
sorbance values of the final liquid at 260 nm and 280
nm by ultraviolet spectrophotometry. An A260/280 nm
ratio between 1.8 and 2.0 indicates that the measured
RNA has good purity and can be used for subsequent
experiments. Synthesize cDNA by reverse transcription.
Take 10 puL of total RNA for the reverse transcription
reaction. Transfer 3 puL of the synthesized cDNA for
qRT-PCR. Using 18S as the internal reference, the rela-
tive expression level of TTTY1S is calculated by the
2-4ACt method. The reaction system is shown in Table 1.
After accurately adding samples in the dark, perform a
short centrifugation. The reaction conditions are as fol-
lows: pre-denaturation at 95°C for 15 minutes; amplifi-
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cation at 95°C for 15 seconds, 60°C for 30 seconds,
72°C for 30 seconds (with fluorescence signal collec-
tion), for 40 cycles. Each sample is set with 3 replicate
wells, and the results are averaged. The TTTY 15 primer
sequence:

5'-GGTGGTATGATTGGCCTTAGAG-3' (forward);
5-GGATTCCCTATGACTTATCAGTTCC-3 (reverse).
The 18S rRNA primer sequences are:
5'-GTAACCCGTTGAACCCCATT-3' (forward);
5'-CCATCCAATCGGTAGTAGCG-3' (reverse).

The relative expression level of TTTY15 in serum was
expressed using the RQ = 2 “24¢ method.

ALB and B>-MG were detected using the Siemens
ADVIA 2400 fully automated biochemistry analyzer,
while A light chains and « light chains were analyzed by
the Sebia HYDRASYS 2 fully automated agarose gel
electrophoresis system. Quality control for all experi-
ments was within the acceptable.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 20.0), and graphical representations were gen-
erated using GraphPad Prism software (version 9.0).
The Mann-Whitney test was used to compare the rela-
tive expression levels of TTTY1S5 between the MM
group and the healthy control group. The Kruskal-Wal-
lis H-test was employed for diversity analysis among
multiple groups. Spearman's correlation analysis was
used to evaluate the relationships between the relative
expression levels of TTTY15 and the serum levels of
ALB, B>M, A light chain, and « light chain in the MM
group. The diagnostic efficacy of TTTY15 for MM was
assessed using the receiver operating characteristic
(ROC) curve and the area under the curve (AUC) with a
95% confidence interval (95% CI). Statistical signifi-
cance was set at p < 0.05.

RESULTS

Methodological validation of detecting the relative
expression level of TTTY15 by qRT-PCR

The cDNA from serum samples of multiple myeloma
patients was subjected to 10-fold serial dilution (1:10,
1:100, 1:1,000, 1:10,000, 1:100,000), and the CT values
of TTTY15 and 18S rRNA were detected. The standard
curve for TTTY15 was y = -1.701x + 18.92, R? =
0.9998; while the standard curve for 18S rRNA was y =
-3.018x + 10.85, R?= 0.9998. Both standard curves met
the experimental requirements.

Thirty serum samples (15 from multiple myeloma pa-
tients and 15 from healthy controls) were randomly
pooled in equal volumes and aliquoted into 20 equal
portions. RNA was extracted from 10 aliquots of the
pooled serum samples in the same batch, and the Ct val-
ues of TTTY15 and 18S rRNA were measured in the
same batch. The intra-batch CV was calculated based
on the Ct values. Additionally, RNA was extracted from
one aliquot of the pooled serum samples in each of 10
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different batches, and the CT values of TTTY15 and
18S rRNA were measured in each of the 10 batches for
each RNA aliquot. The inter-batch CV was calculated
based on the Ct values. The results showed that the in-
tra-batch CVs for both TTTY15 and 18S rRNA were
< 2%, and the inter-batch CVs were < 5%, indicating
that the repeatability met the experimental require-
ments, as showed in Table 2.

Twenty serum samples (10 from multiple myeloma pa-
tients and 10 from healthy controls) were randomly
mixed in equal volumes and evenly divided into 10 ali-
quots. Five of these aliquots were incubated at room
temperature for 0, 6, 12, 18, and 24 hours, respectively,
while the other five underwent 0, 1, 3, 5, and 10 freeze-
thaw cycles, respectively. RNA was extracted after the
aforementioned treatments, and the CT wvalues of
TTTY15 and 18S rRNA were measured. The results
showed that the CT values of both TTTY15 and 18S
rRNA remained relatively stable, meeting the experi-
mental requirements, as shown in Figure 1.

Expression differences of TTTY1S in serum between
MM patients and healthy controls

The relative expression levels of TTTY15 in the serum
of 102 male MM patients and 96 healthy male controls
were detected by qRT-PCR. The results showed that the
relative expression level of TTTY15 in the serum of
MM patients was 1.450 + 0.854244, while that in the
healthy control group was 0.714 + 0.343028. The ex-
pression level in the MM group was significantly higher
than that in the healthy control group (p < 0.001). The
results are shown in Figure 2.

Relationship between TTTY15 and clinical indica-
tors

MM patients were grouped according to clinical and
pathological parameters including age, total protein, al-
bumin, globulin, M protein, hemoglobin, light chain,
urine protein, renal damage, and bone damage. The re-
sults showed that the relative expression level of serum
TTTY15 in 102 MM patients was correlated with albu-
min levels and renal damage (p < 0.05); however, there
was no significant association with age, total protein,
globulin, M protein, hemoglobin, light chain, urine pro-
tein, or bone damage (p > 0.05), as shown in Table 3.

Dynamic monitoring of MM patients with TTTY15
as an auxiliary marker

To assess the dynamic changes of serum TTTY15 ex-
pression levels in MM patients, the changes in TTTY 15
levels were measured in 30 newly diagnosed MM pa-
tients who had not received treatment before and after 3
months of chemotherapy. Compared with pre-treatment
levels, TTTY15 levels significantly decreased after
treatment, with a statistically significant difference (p <
0.001). Additionally, TTTY15 levels were detected in a
healthy control group (n = 30) and a relapsed MM pa-
tient group (n = 30). The results showed that TTTY15
levels in the relapsed MM patient group were signifi-
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Table 1. qRT-PCR reaction system.

Component Volume (nL)
SYBR Greenlmix 10
Forward primer 1
Reverse primer 1
RNase-freeH20 5
cDNA 3
Table 2. Intra-batch and inter-batch repeatability (CV, %) of TTTY1S and 18S rRNA.
TTTY15 18S
Intra-assay Mean + SD 27.766 + 0.84325 20.800 +0.3793
Intra-assay CV, % 1.56% 1.82%
Inter-assay Mean + SD 27.368 + 0.8964 21.148 £ 0.4119
Inter-assay CV, % 3.16% 1.82%

cantly higher than those in the healthy control group
(p < 0.001). These findings indicate that the expression
level of serum TTTY15 can assist in monitoring the
therapeutic efficacy of MM patients to a certain extent,
as shown in Figure 3.

Analysis of the diagnostic efficacy of serum TTTY15
Diagnostic efficacy analysis of serum TTTY15 ROC
curves were plotted based on the expression levels of
serum TTTY15, f2-MG, and ALB in 102 newly diag-
nosed male MM patients and 86 healthy control sub-
jects. The results showed that TTTY15 exhibited the
highest diagnostic efficacy, with AUC of 0.823 (95%
CI: 0.765 - 0.881, p < 0.001), which was higher than
that of ALB (AUC = 0.779) and B>-MG (AUC = 0.662).
Taken together, these findings indicate that serum
TTTY15 could serve as a potential biomarker with fa-
vorable clinical auxiliary diagnostic value for MM, as
shown in Figure 4.

Combined detection of serum TTTY15, ALB, and
B2-MG

In this study, serum TTTY15, ALB, and B.-MG were
jointly detected in newly diagnosed MM patients, and
sensitivity (SEN), specificity (SPE), accuracy (ACCU),
positive predictive value (PPV), and negative predictive
value (NPV) were calculated. The combined detection
of the three indices showed the highest specificity of
94.8%, which was significantly higher than the detec-
tion using a single index or the combination of two in-
dices, as shown in Table 4.

Correlation analysis of relative expression of serum
TTTY15 with ALB and $2-MG

Correlation analysis was conducted between the relative
expression of serum TTTY15 and the levels of serum
ALB and (2-MG in 85 MM patients. A statistically sig-
nificant positive correlation was found between serum
TTTY15 and ALB (r = 0.2187, p = 0.0443). In contrast,
although a negative correlation was observed between
serum TTTY15 and B.-MG, it did not reach statistical
significance (r = -0.8354, p = 0.4472), as shown in Fig-
ure 5.

DISCUSSION

The etiology of MM is not yet fully understood, and it
is currently believed to be associated with various fac-
tors such as gene mutations, cytokines and growth fac-
tors, chromosomal abnormalities, immune system disor-
ders, environmental factors, and genetic predisposition.
Early diagnosis and comprehensive treatment are key to
improving survival rates and quality of life [12,13].

IncRNAs, once regarded as "transcriptional noise", have
now become "star molecules" in the academic field. De-
spite lacking protein-coding capacity, they can regulate
gene expression through epigenetic mechanisms and in-
fluence cellular functions. Numerous studies have re-
ported their roles in the development and progression of
MM. For instance, MALATT is upregulated during MM
progression, and its high expression levels are signifi-
cantly associated with poorer overall survival and pro-
gression-free survival [14]. FEZF1-AS1, which is aber-
rantly expressed in various cancers, promotes MM cell
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Table 3. Correlation between TTTY1S expression and clinicopathologic features of MM patients.

TTTY15 and Its Clinical Significance in MM

Clinical characteristics ‘ n ‘ Low expression High expression Pearson’s > P
Age
= 35 14 L 3.062 0.080
> 65 37 3 34
M protein
IgG 43 13 30
IgA 28 10 18 0.565 0.754
Unclassified 31 9 22
Light chain
A 35 12 45 1.048 0.306
47 14 33
Hb (g/L)
= 29 4 25 0.241 0.624
<120 73 13 60
Total protein
Abnormal 48 13 35 0.081 0.776
Normal 54 16 38
Albumin
Abnormal 39 4 35 5.463 0.019 *
Normal 63 19 44
Globulin
Abnormal 75 11 64 0.816 0.366
Normal 27 6 21
Urine protein
Positive 31 5 26 0.009 0.923
Negative 71 12 59
Renal damage
Yes >6 > ! 5.353 0.021 *
No 46 12 34
Bone damage
Yes 50 L 6 2272 0.132
No 22 6 16
*p <0.05
Table 4. Comparison of diagnostic efficacy for MM by single or combined detection of TTTY15 and other indices.
Sensitivity Specificity Accuracy PPV NPV
ALB 76.5% 70.8% 73.7% 73.6% 73.9%
(78/102) (68/96) (146/198) (78/106) (68/92)
73.5% 37.5% 56.1% 55.6% 57.1%
fe it (75/102) (36/96) (111/198) (75/135) (36/63)
TTTY15 83.3% 68.8% 76.3% 73.9% 79.5%
(85/102) (66/96) (151/198) (85/115) (66/83)
65.7% 90.6% 77.8% 88.2% 71.3%
R R (67/102) (87/96) (154/198) (67/76) (87/122)
o, o, o, 0, 0,
porrrras | e | mee | me e | e
0, o, o, () ()
CEBS R ICA RV (2:7;}10/;) (9941'?920) (172'3(;/21;]8) (94(:;'/65?) (giflgét/;)
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Figure 1. Stability of TTTY15 and 18S rRNA.
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Figure 2. Relative expression levels of TTTY1S in serum of male MM patients and healthy controls (*** p <0.001).
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Figure 3. Dynamic changes of serum TTTY15 expression levels for auxiliary detection in MM patients.

A. There were differences in TTTY15 expression levels in serum before and after treatment; B. There were differences in TTTY15 expression
levels in serum between the healthy control group and the relapsed MM patient group (*** p <0.001).
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Figure 5. Correlation between serum TTTY1S5 levels and ALB/B2-MG.

A. Correlation between serum TTTY15 levels and ALB; B. Correlation between serum TTTY15 levels and p,-MG.

proliferation and survival via the miR-610/Akt3 axis
[15-18]. The IncRNA LUCATI inhibits TGF-p signal-
ing, thereby impeding MM growth and bone lesions
[19-23]. Maternally expressed gene 3 (MEG3), a 1.6 kb
imprinted gene located on chromosome 14q32, exhibits
tumor-suppressive functions. Recent research indicates
that MEG3 deletion/methylation enhances angiogene-
sis-a critical step in MM pathogenesis-by disrupting
miR-9 interactions and endothelial cell suppression
[24]. IncRNAs, including MEG3, hold promise as im-
portant biomarkers for early diagnosis and prognosis in
MM.

Long-chain noncoding RNA TTTY15 is a single gene
located on the Y chromosome and has unique advan-
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tages in gene editing therapy. TTTY 15 may exhibit dif-
ferential localization across various types of cancer and
could play dual roles within both the cytoplasm and nu-
cleus [25-28]. However, current research has yet to elu-
cidate the application value of TTTY15 in the progres-
sion of multiple myeloma (MM).

In this study, the relative expression levels of TTTY 15
in serum were measured in 102 male MM patients and
96 healthy male controls. Statistical analysis showed
that MM patients had significantly higher serum
TTTY15 expression than healthy controls, with a statis-
tically significant difference (p < 0.001). Correlation
analysis between TTTY15 expression and clinicopath-
ological characteristics revealed that TTTY15 levels
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were significantly associated with albumin levels and
renal impairment (both p < 0.05). These findings indi-
cate that TTTY15 is correlated with MM development
and has potential diagnostic value for the disease. ROC
curve analysis for differentiating MM patients from
healthy controls across various indicators showed that at
a TTTY1S5 cutoff value of 0.835, the sensitivity and ac-
curacy for auxiliary diagnosis of MM were 83.3% and
68.8%, respectively. TTTY15 had an AUC of 0.823,
higher than traditional markers ALB and B.-MG. As a
standalone diagnostic indicator for MM, TTTY15 ex-
hibited the highest accuracy and sensitivity, though its
specificity was slightly lower than ALB. Combined de-
tection of TTTY15 with these two auxiliary markers
significantly increased specificity to 94.8%. Serum
TTTY15 may serve as a potential biomarker with clini-
cal value for auxiliary diagnosis of MM. Additionally,
the combined use of TTTY15, ALB, and B.-MG en-
hances the efficiency of MM auxiliary diagnosis.
However, due to the small sample size and limited
scope of disease data collection, the research findings
are inevitably influenced by regional and disease-spe-
cific characteristics of Parazacco spilurus subsp. Spilu-
rus. In subsequent studies, it is necessary to further vali-
date the above conclusions by expanding the sample
size, thereby enhancing their universality and reliability.
Unresolved questions include its unclear pathogenic
mechanism and influences of specimen collection tim-
ing or disease progression stage. Further research with
larger cohorts and mechanistic/functional studies is war-
ranted to address these gaps and solidify TTTY15’s
clinical utility. Subsequent long-term follow-up will be
conducted on the prognosis and survival time of MM
patients, with further in-depth exploration of the mecha-
nistic role of TTTY15 in disease prognosis.

This study systematically analyzed serum samples from
male MM patients and healthy male controls, employ-
ing qRT-PCR to quantify relative TTTY15 expression
and evaluate its clinical significance and potential as an
auxiliary diagnostic biomarker for MM. Key findings
reveal that serum TTTY15 levels were significantly ele-
vated in MM patients compared to healthy controls,
providing mechanistic insights into the gender disparity
in MM incidence. Additionally, TTTY15 expression
showed utility in monitoring treatment response in MM
patients. Correlational analyses demonstrated that
TTTY15 levels were associated with albumin levels and
renal impairment but not with age, total protein, globu-
lin, M protein, hemoglobin, light chains, urinary pro-
tein, or bone lesions. Diagnostic efficacy analysis show-
ed that TTTY 15 alone exhibited favorable performance,
and its combination with ALB and B.-MG further en-
hanced diagnostic specificity. Collectively, these results
highlight TTTY 15 as a promising novel auxiliary diag-
nostic marker for MM with clinical translation poten-
tial.
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