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Abstract: The underlying mechanisms and clinical significance of long non-coding RNA (lncRNA) urothelial cancer 
associated 1 (UCA1) is largely unknown in acute myeloid leukemia (AML). We aimed to study the expression of ln-
cRNA UCA1, and its biological and clinical relevance in AML. Expression of lncRNA UCA1 was quantified in peripheral 
blood (PB) samples of children with de novo AML (n=69), post-induction, after achieving complete remission (CR) 
(n=8), and in patients who had relapsed (n=10). Additionally, two external cohorts were analysed i.e., TCGA-LAML 
dataset and Leukemia-MILE study. We also quantified expression in four different AML cell lines and analysed 
expression after cell differentiation. A consistent pattern of low UCA1 expression in AML was observed in our co-
hort of sixty-nine patients at baseline (P < 0.0001) and in the TCGA and Leukemia-MILE datasets. In patients who 
achieved remission, expression was comparable to healthy individuals, while relapsed patients interestingly had 
lower levels of UCA1 (P=0.0002). Furthermore, lncRNA UCA1 expression was significantly lower in AML cell lines 
(THP-1, P=0.0112; KG-1, P=0.0168; and HL-60, P=0.0112) and increased when THP-1 cells were differentiated 
(P=0.0001). In our AML patient cohort, lower expression was significantly associated with CR (P=0.043), however, 
the impact on survival (EFS and OS) was not significant. This is the first study wherein the lncRNA UCA1 expression 
was studied in various AML cell lines along with AML patients at baseline, remission and relapse. In conclusion, we 
found that UCA1 is significantly downregulated in AML compared to healthy individuals and mature differentiated 
cells.
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Introduction

Acute myeloid leukemia (AML) results from 
accumulation of immature myeloid cells or 
blast cells in the bone marrow and peripheral 
blood, thereby compromising the normal func-
tioning of the hematopoietic system. Aber- 
rations like chromosomal translocations or 
mutations that disrupt the normal molecular 
circuitry leads to the activation of genes 
involved in cell proliferation and avoidance of 
leukemic cell death. The current treatment 
modality for children with AML is intensive  
chemotherapy which poses significant toxicity, 
therefore there is a pressing need to explore for 
better diagnostic and therapeutic biomarkers 
and understanding of molecular pathobiology 
of the disease [1, 2].

Knowledge about the biology of paediatric AML 
pathogenesis is majorly limited to genes that 

encode proteins, such as transcription factors 
and signalling molecules [3]. With advance-
ments in the approaches for analysis of big 
data such as those from transcriptomic stud-
ies, it is apparent that a class of genes that 
were previously considered “junk” genes and 
contributed to “transcriptional noise”, are in 
fact dysregulated across several cancers. 
Remarkably, functional assays that perturb 
these non-coding genes result in significant 
effects on leukemia cell phenotypes such as 
their proliferation, apoptosis rate and their abil-
ity to differentiate [4].

One class of non-coding genes gives rise to 
transcripts termed “long non-coding RNAs” (lnc- 
RNAs) due to their size which is greater than 
200 nucleotides in length. In recent years, 
there has been an effort to uncover the func-
tional relevance of lncRNAs in the context of 
disease biology, which has been very fruitful 
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leading to the discovery of several lncRNAs that 
have important roles in the development of 
cancers such as MALAT1 in prostate, breast 
and gastric cancer, H19 in breast and liver can-
cers, and the lncRNA UCA1 in bladder cancer 
[5].

UCA1 (Urothelial cancer associated 1) is a 
lncRNA that was first discovered as a bladder 
carcinoma-specific gene, being absent in nor-
mal bladder and other tissues such as liver, 
muscle, kidney, pancreas, etc. It was found to 
have high specificity and sensitivity, thereby 
being a potential non-invasive biomarker for 
bladder cancer [6]. In 2008 the same group 
demonstrated that UCA1 acts in an oncogenic 
fashion in bladder cancer to promote cell 
growth and invasion [7]. There is significant evi-
dence that points to UCA1 as an oncogenic 
lncRNA, being upregulated in cancers such as 
liver, gallbladder, ovarian, glioma, melanoma, 
etc. [5]. Due to the high evidence of UCA1 
derailed expression, we used a top-down 
approach to shortlist this lncRNA to be investi-
gated in AML. Studies that have described 
UCA1 as an oncogenic lncRNA in AML demon-
strate limited evidence through in vitro func-
tional assays like cell proliferation assays, colo-
ny formation assays, and apoptosis assays 
[7-11, 12]. The analysis of UCA1 expression on 
patient samples has been performed on a 
cohort of small sample sizes (n=9 to n=27) at 
baseline or on patients who were already treat-
ed with ADR-based chemotherapy [9, 10].

This is the first detailed study wherein we eva- 
luated the expression of UCA1 in paediatric 
patients of acute myeloid leukemia at baseline, 
remission, and after the recurrence of disea- 
se. Additionally, we studied the expression of 
lncRNA UCA1 in various AML cell lines. The cur-
rent study has shown the dysregulated expres-
sion of UCA1 in paediatric patients with acute 
myeloid leukemia and various AML cell lines. 
The significantly low expression of UCA1 in 
comparison to healthy controls could possibly 
indicate its tumor suppressor potential. The 
current study has paved the way for further 
understanding of its biological and clinical 
potential in paediatric AML.

Methods

Patient recruitment

Peripheral blood (PB) samples from children 
with de novo acute myeloid leukemia registered 

in the medical oncology department of Dr. 
B.R.A. Institute Rotary Cancer Hospital (IRCH) 
between November 2017 and February 2021 
were included in the study for collection of 
peripheral blood (n=69). Additionally, unpaired 
peripheral blood samples of paediatric patients 
in complete remission (n=8) and peripheral 
blood samples of paediatric patients at relapse 
(n=10) were collected for the study. Peripheral 
blood samples from age-matched healthy indi-
viduals were included in the control group 
(n=19). We excluded patients diagnosed with 
acute promyelocytic leukemia (APL)/AML M3, 
secondary AML, biphenotypic leukemia, and 
Insufficient PB sample, granulocytic sarcoma 
without marrow involvement and adult AML 
patients. Institute ethical clearance was ob- 
tained for this study and informed consent was 
taken from the legal guardians of all partici-
pants. The treatment regimen provided was 
uniform and according to the institutional pro-
tocol, as previously described [13].

Erythrocyte lysis of PB samples

About 5 ml of peripheral blood was collected 
from patients as well as healthy individuals in 
EDTA vials (DBO Phlecocuum®, Indore, India), 
following which whole blood lysis was per-
formed using red blood cells lysis buffer (155 
mM NH4Cl, 12 mM NaHCO3, 0.1 mM EDTA). The 
remaining cells were washed with 1X PBS and 
resuspended in TRI Reagent® (Sigma-Aldrich®, 
MO, USA).

Cell culture and cell differentiation

Four human AML cell lines (THP-1, KG-1, HL-60, 
and MOLM-13) were cultured in RPMI-1640 
medium (Gibco, ThermoFisher Scientific, Inc., 
Waltham, MA), supplemented with 10% fetal 
bovine serum (Gibco) and L-glutamine (2 mM; 
Gibco), with 100 U/mL penicillin and 100 U/ml 
streptomycin (Gibco) added. The cells were cul-
tured at 37°C, with 5% CO2 in a humidified incu-
bator (ThermoFisher Scientific, Inc., MA, USA).

To differentiate THP-1, the cells were grown in  
6 well plates along with 10 ng/mL of Phorbol-
12-myristate-13-acetate (Sigma-Aldrich®, MO, 
USA) and allowed to attach to the cell surface, 
following which they were collected by tryp- 
sinization after a period of 24 hours. We vali-
dated the differentiation microscopically as 
well as by flow cytometry (Becton, Dickinson 
and Company, New Jersey, USA) by assessing 
the expression of the monocyte cell surface 
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proteins CD11b and CD14 (Becton, Dickinson 
and Company, New Jersey, USA). 

Isolation of RNA, cDNA synthesis, and quanti-
tative PCR (qPCR)

Total cellular RNA was isolated using TRI 
Reagent® (Sigma-Aldrich®, MO, USA) by the phe-
nol-chloroform and isopropanol method. RNA 
concentration was measured using a NanoDrop 
(ThermoFisher Scientific, Inc., MA, USA). A total 
of 1.2 µg RNA was reverse transcribed into 
cDNA using high-capacity reverse transcriptase 
(Invitrogen, ThermoFisher Scientific, Massachu- 
setts, USA). The Expression of UCA1 was quan-
tified using the TaqMan™ Universal PCR Master 
Mix (ThermoFisher Scientific, Inc., MA, USA) 
and gene expression assay (Hs01909129_s1) 
(ThermoFisher Scientific, Inc., MA, USA) on the 
LightCycler 480 system (Roche, Basel, Switzer- 
land). We used 18S (Hs03003631_g1, Ther- 
moFisher Scientific) as the internal reference 
for quantification. UCA1 primer sequences are 
as follows: UCA1 forward primer: GACCCTCA- 
TCTCTTAAGACCTGCC; UCA1 reverse primer: 
GAGAGTAGGCTTGAGGACACCATG; 18S forward 
primer: CGATGCTCTTAGCTGAGTGTCC; 18S re- 
verse primer: GTCCTATTCCATTATTCCTAGCTGCG. 

The PCR conditions included a Uracil-DNA gly-
cosylase (UNG) hold, at 50 degrees Celsius for 
2 minutes, a polymerase activation step at 95 
degrees Celsius, for 2 minutes, with 50 cycles 
of a denaturation step at 95 degrees Celsius 
for 1 second, and an annealing/extension step 
at 60 degrees for 20 seconds. This was fol-
lowed by a final cooling step at 40 degrees 
Celsius for 30 seconds. Calculation of relative 
gene expression was performed by the com-
parative CT method [14].

Statistical analysis

Expression of UCA1 in patient samples was 
depicted as median values with an interquartile 
range. We used the Mann-Whitney U test for 
comparison between AML and control groups. 
Expression analysis of UCA1 on cell lines was 
done using three biological replicates, and data 
are presented as mean ± standard error of 
mean (SEM). The student’s t-test was per-
formed for the analysis between two groups, 
and a P-value of < 0.05 was considered statisti-
cally significant. Where more than two groups 
were involved, comparisons were made using 
ANOVA followed by Dunn’s Multiple Comparison 

Test for post hoc analysis. A P-value of < 0.05 
was considered significant. For survival analy-
sis, the patients who did not achieve pathologi-
cal complete remission (5% bone marrow blast) 
after one or two cycles of induction chemother-
apy were defined as refractory diseases. We 
defined event-free survival (EFS) as the time 
between diagnosis and the first event (failure to 
achieve CR, relapse, or death). Overall survival 
(OS) was defined as the time between diagno-
sis and death or the last follow-up. Survival 
analysis was performed using the Kaplan-Meier 
method along with the log-rank test. All analysis 
was performed using GraphPad Prism version 
8.0.0 for Windows, GraphPad Software, San 
Diego, California, USA.

Results

Baseline patient demographics and clinical 
details

During the study period, total 83 patients were 
evaluated, 14 were excluded, and 69 eligible 
were included for final analysis. The baseline 
demographic and clinical details are provided 
in Table 1. Briefly, the median age of children 
with AML was 10 years, with a higher propor-
tion of males as compared to females. Core 
binding factor AML was the most prevalent 
cytogenetic abnormality, followed by normal 
karyotype and other cytogenetic aberrations. 
Among the molecular abnormalities, the FLT3 
mutation was the most common. Patients  
were also classified into the FAB subtypes. 
There was also no patient characteristic at 
baseline which significantly associated with 
UCA1 expression (Table 2). Patients who were 
UCA1 high vs. UCA1 low (based on median 
expression) did not show any significant differ-
ence with respect to characteristics such as 
age, sex, hematological parameters (Hb, TLC 
and platelet counts), as well as the percentage 
of peripheral blood and bone marrow blasts 
(Table 2).

UCA1 expression was downregulated in paedi-
atric patients with AML

The long non-coding RNA UCA1 is reported to 
be aberrantly expressed in several cancers. To 
evaluate the expression pattern of lncRNA 
UCA1 in AML, we used the GEPIA web applica-
tion to access gene expression levels from the 
TCGA LAML dataset which has data from bone 
marrow samples of 173 patients and 70 heal- 
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thy controls. UCA1 was significantly downregu-
lated in patient samples, relative to healthy 
controls (Figure 1A). We also analyzed the 
expression of UCA1 from the GSE13159 data-
set which was generated by the leukemia MILE 
study using the BloodSpot database for visual-
ization of gene expression and found a signifi-
cantly lower level of expression in various AML 
subtypes such as CBF-AML, MLL rearranged 
AML, etc. compared to normal bone marrow 
(Figure 1B). Taking these findings forward, we 
quantified the expression of UCA1 in our cohort 
of 69 peripheral blood samples from paediatric 
AML patients before treatment along with 19 
healthy individuals. The expression levels were 
also quantified in PB samples from patients 
who had achieved complete remission (CR) 

Since the expression of UCA1 was found to be 
low in patients with AML and AML cell lines 
while having high expression in normal bone 
marrow and peripheral blood, we hypothesised 
that UCA1 could potentially have a tumor sup-
pressor role, and associated with mature/dif-
ferentiated cells. We asked whether the expres-
sion of UCA1 would change if we induce cell 
differentiation in THP-1 cells, which leads these 
cells to a terminally differentiated state. We 
treated THP-1 cells with phorbol-12-myristate-
13-acetate (PMA), which induces their terminal 
differentiation. We validated phenotypically 
and characterized the differentiated cells by 
quantifying changes in levels of genes associ-
ated with differentiation i.e., CD11b and CD14, 
using flow cytometry. CD11b levels significantly 

Table 1. Baseline characteristics of paediatric patients 
with AML (n=69)

Characteristics Median  
(range/percentage)

Median age (years) 10 (0.5-18)
Sex
    Male 37 (53.62)
    Female 32 (46.37)
Hematological parameters
    Median haemoglobin, (g/dL) 7.2 (2.5-13.3)
    Median total leukocyte count, (×103/µL) 35 (1-290)
    Median platelet count, (×103/µL) 25.4 (1.1-36.42)
Cytogenetics (n=53)
    Normal 10 (18.86)
    t(8;21) & inv (16) 30 (56.60)
    Complex karyotype 3 (5.66)
    Other 6 (11.32)
    Failed Cytogenetics 4 (7.5)
Molecular Analysis (n=59)
    FLT3 (ITD/TKD) 11 (18.64)
    CBFB-MYH11 6 (10.16)
    NPM1 2 (3.3)
    Negative 40 (67.7)
AML Subtype (n=63)
    M0/M1 17 (26.98)
    M2 29 (46.03)
    M4 9 (14.28)
    M5 7 (11.11)
    M6 -
    M7 1 (1.58)
PB Blasts (n=63) 50 (8-98)
BM Blasts (n=65) 66 (8-98)

(n=8) and from patients who relapsed 
(n=10). On comparing the expression  
of UCA1 between AML patients and 
healthy controls, we obtained similar 
findings to that of our analysis in the 
TCGA-LAML cohort, where there was a 
significant reduction (P < 0.0001) of 
UCA1 expression in the peripheral 
blood of patients with AML (Figure 1C). 
Among patients who achieved complete 
remission, the expression of UCA1 was 
comparable to healthy controls, while 
patients who relapsed had a significant-
ly lower expression of UCA1 relative to 
healthy individuals (P=0.0002) (Figure 
1C).

UCA1 expression is downregulated in 
AML cell lines

To study UCA1 in vitro, we cultured  
four AML cell lines, each harbouring 
specific chromosomal translocations 
and molecular aberrations, and quanti-
fied its expression in each cell line. 
UCA1 was downregulated significantly 
in THP-1 (P=0.0112), KG-1 (P=0.0168), 
and HL-60 (P=0.0112), with a fold 
change of 0.029, 0.12, and 0.29, re- 
spectively. However, no significant dif-
ferences were observed in the expres-
sion of lncRNA UCA1 in the MOLM-13 
cell line (Figure 2).

UCA1 expression is associated with 
mature and terminally differentiated 
cells
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increased upon treatment with PMA (P=0.001), 
whereas CD14 expression showed a significant 
decrease (P=0.04) (Figure 3A-D). We also visu-
alized the change in cellular phenotype upon 
PMA treatment i.e., adherence to the culture 
plate using light microscopy (Figure 3E). Once 
THP-1 differentiation was validated phenotypi-
cally and with molecular markers, we collected 
differentiated cells and performed qPCR analy-
sis for the expression of UCA1. Interestingly, we 
found a 15-fold increase in UCA1 expression 
upon cellular differentiation (P=0.0001) (Figure 
3F).

UCA1 expression and patient survival outcome

The expression of UCA1 was analysed in 
patients who achieved complete remission 
(79.10%) vs. refractory (20.89%), and a sig- 
nificant difference was observed in the ex- 
pression levels between these two groups 
(P=0.0431) (Table 3). In addition, patients were 
categorized into UCA1 high and low-expression 
groups. No significant event-free and overall 
survival difference existed amongst the high 
and low UCA1 expression groups (Table 4; 
Figure 4A, 4B).

Table 2. Relationship of baseline characteristics with UCA1 expression

Characteristics Median dCt  
(Interquartile Range) P-value UCA1 High (n) UCA1 Low (n) P-value

Median age (years)
    < 10 (32) 16.62 (6.36) 0.66 15 17 P=0.71
    ≥ 10 (37) 17.55 (5.20) 19 18
Sex
    Male (37) 17.73 (5.14) 0.22   20 17 P=0.39
    Female (32) 16.58 (5.54) 14 18
Hematological parameters
Median haemoglobin, (g/dL) P=0.07
    < 7.2 (34) 17.79 (5.21) 0.24 13 21
    ≥ 7.2 (35) 16.00 (5.11) 21 14
Median total leukocyte count, (×103/µL) P=0.72
    < 35 (34) 16.71 (7.72) 0.13 17 19
    ≥ 35 (35) 16.99 (4.08) 16 19
Median platelet count, (×103/µL) P=0.39
    < 25.4 (35) 17.46 (4.38) 0.57 15 19
    ≥ 25.4 (34) 16.32 (6.35) 19 16
PB Blasts  
    < 50 (26) 17.90 (6.31) 0.79 11 15 P=0.70
    ≥ 50 (36) 16.45 (5.41) 17 19
BM Blasts
    < 66 (26) 16.58 (4.56) 0.44 15 13 P=0.39
    ≥ 66 (37) 16.99 (5.58) 15 20
Molecular Analysis (n=59)
    FLT3 (ITD/TKD) 16.82 (6.68) 0.02
    CBFB-MYH11 18.83 (3.66)
    NPM1 -
    Negative 15.43 (5.80)
AML Subtype (n=63)
    M0/M1 18.22 (5.65) 0.21
    M2 15.30 (5.72)
    M4 17.55 (2.34)
    M5 15.01 (8.48)
    M6 -
    M7 -
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Figure 1. Expression of UCA1 in patients with AML. Analysis of 
UCA1 expression from the TCGA-LAML dataset shows significant 
downregulation of UCA1 in patients with AML relative to healthy 
controls (A). Expression of UCA1 was universally downregulated in 
various AML subtypes relative to healthy bone marrow in the leuke-
mia MILE dataset: GSE13159 (B). Expression analysis of UCA1 in 
our cohort of AML patients shows that UCA1 is significantly down-
regulated in patients at baseline and relapse while it is significantly 
higher in patients at remission compared to healthy individuals (C). 
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Discussion

The lncRNA UCA1 was first identified as an 
oncogenic non-coding RNA and linked to the 
development of urothelial cancer [6]. Several 
studies have shown that UCA1 is majorly onco-
genic, and reducing the levels of UCA1 in vari-
ous cancer cell lines leads to a reduction in 
oncogenic phenotypes such as proliferation, 
migration, and invasion, accompanied by an 
increase in apoptosis [15]. In the context of 
AML, a few studies report the upregulation of 
UCA1 in AML compared to healthy controls and 
describe an oncogenic role for the lncRNA 
based on in vitro assays such as proliferation 
assays, migration, invasion, and apoptosis as- 
says [8, 12, 16]. However, the quantification of 
UCA1 expression in these studies has been 
performed on a cohort of limited sample size, 
with the largest cohort being twenty-seven 
samples [10].

In this current study, we first performed an in-
silico analysis of UCA1 expression and found 
that in the TCGA LAML and Leukemia MILE 

study datasets which contain expression data 
from a large number of patients (n=173 and 
n=2096 respectively), UCA1 expression was 
significantly lower in AML than in healthy con-
trols. Additionally, the reduced expression in 
AML was universal to all major cytogenetic sub-
types, indicating that UCA1 is potentially part of 
a molecular network that is affected during  
leukemogenesis in general. This prompted us 
to analyse our own cohort of patients, and we 
discovered that similar to the publicly available 
datasets, UCA1 was significantly downregulat-
ed in our data as well (n=69). Since UCA1 is 
aberrantly expressed in patients before treat-
ment, we then evaluated if expression levels of 
lncRNA UCA1 change after treatment and on 
achieving complete remission. Interestingly, 
UCA1 expression in patients who were in remis-
sion was significantly higher than those at 
baseline and comparable to expression levels 
of healthy individuals. Additionally, patients 
who relapsed had significantly lower expres-
sion compared to patients in remission and 
also healthy controls. This pattern indicates 
that UCA1 is possibly required in mature/differ-
entiated cells, and low expression of UCA1 
might be associated with the molecular mecha-
nisms driving leukemogenesis. Keeping this in 
perspective, we used the THP-1 cell line to 
model cellular differentiation by treating cells 
with PMA to induce a terminally differentiated 
state and activate the molecular pathways 
involved in the process of differentiation. Once 
differentiated, cells were profiled for their levels 
of UCA1, and consistent with our hypothesis, 
we found that UCA1 expression increases when 
THP-1 cells are treated with PMA, indicating 
that the expression of lncRNA UCA1 is induc- 
ed upon cell differentiation, and required for 
mature cells, while cells with lower levels of 
UCA1 are those that are immature or undiffer-
entiated. We have also found significantly low 
levels of UCA1 expression in three AML cell 
lines that were cultured compared to mature, 
healthy cells. Our cell lines harboured various 
cytogenetic abnormalities to justify the wide 
spectrum of AML molecular heterogeneity. 
Further highlighting that the low levels of UCA1 
in AML were consistent, irrespective of the kind 
of molecular aberration the cells harbours.

We also found that among patients who 
achieved CR, the expression of UCA1 was sig-
nificantly higher than in refractory patients of 
AML. Further strengthening our hypothesis for 

Figure 2. Expression of UCA1 in AML cell lines. In 
the acute myelogenous leukemia cell line KG-1, 
UCA1 was downregulated significantly (P=0.0005). 
A similar pattern of downregulated expression was 
observed in the monocytic leukemia cell line THP-1 
which harbours the MLL-rearrangement (P=0.0002), 
and in the acute promyelocytic leukemia cell line HL-
60 (P=0.0002). Although there was a decrease in 
UCA1 expression in the MOLM-13 cell line, it was not 
of significance. 
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Figure 3. Expression of UCA1 in THP-1 cells differentiated with 10 ng/mL PMA. Flow cytometric analysis post treatment with PMA shows an increase in CD11b in-
dicative of differentiated cells (A), the same was quantified and the increase was found to be significant (P=0.001) (B). Flow cytometric analysis post PMA treatment, 
shows a significant decrease in CD14 expression indicative of differentiated cells (P=0.04) (C, D). Microscopic images captured after treatment of THP-1 cells with 
PMA shows adherence of cells which were previously in suspension, to the culture plate, and change in morphology (E). Differentiated THP-1 cells had a 15.03-fold 
increase in UCA1 expression which was statistically significant (P=0.0001) (F).
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the potential role of UCA1 in mature/healthy 
cells and the involvement of this lncRNA in 
pathways required for leukemogenesis.

The strength of our study lies in the analysis of 
UCA1 expression which was performed on a 
large number of samples from patients with 
AML, which is a first of its kind. The expression 
pattern observed in our study is consistent with 
those identified in the LAML and Leukemia 
MILE datasets. Moreover, we have extended 
our analysis to include cell lines with distinct 
molecular and cytogenetic abnormalities, re- 
vealing a comparable pattern of expression 
both in vivo and in vitro. The evolutionary con-
servation of the UCA1 sequence in primates 
suggests its potential functional significance. 
Our study, therefore, points to a potential tumor 
suppressive role of UCA1 and it would be inter-
esting to delineate the functional mechanism 
of this lncRNA using detailed in vitro and in  
vivo work which is a limitation of this study. 

Expanding the cohort of acute myeloid leuke-
mia (AML) patients under investigation would 
have augmented the robustness of our results. 
Further dissection of the data into subsets cat-
egorized by cytogenetic subgroups would have 
facilitated the identification of putative bio-
markers associated with UCA1 expression. Our 
expression profiling analyses and preliminary in 
vitro investigations suggest a potential role for 
UCA1 as a tumor suppressor. The functional 
mechanisms underlying the involvement of 
UCA1 in AML pathogenesis warrant further 
detailed in vitro and in vivo studies. Additionally, 
the molecular and cellular consequences of 
UCA1 downregulation in AML require further 
elucidation through mechanistic illustrations.

In summary, UCA1 is a long non-coding RNA 
that is thought to have an oncogenic role in sev-
eral cancers, however, we have shown that its 
expression is significantly lower in patients with 
AML compared to healthy individuals. This was 

Table 3. Relationship of UCA1 expression with outcome
Status UCA1 Expression (Interquartile range) P value
Complete Remission 
    Achieved: n=53 (79.10%) 16.19 (6.21) 0.0431
    Failed to achieve: n=14 (20.89%) 18.40 (3.98)

Table 4. Impact of UCA1 expression on event free survival (EFS) and overall survival (OS)
Event free survival (EFS) Overall Survival (OS)
Median survival Median survival
    Low Expression: 11.15 months     Low Expression: 16.18 months
    High Expression: 13.05 months     High Expression: 21.47 months
Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value
1.38 (0.76-2.49) 0.28 1.147 (0.62-2.10) 0.65

Figure 4. Survival outcome. Kaplan Meier curves showing EFS (A), OS (B) for AML patients comparing those patients 
who show high expression of UCA1 vs. those that show low expression of UCA1 at baseline. 
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observed in data from two public data sets, our 
cohort of 69 patients, as well as in our cell 
lines. Additionally, the expression of UCA1 is 
high in patients who achieve remission similar 
to the expression levels in healthy individuals, 
and patients who relapsed had low expression 
of lncRNA UCA1, similar to de novo AML 
patients. This indicates that UCA1 is required 
for healthy and normal cells, and via mecha-
nisms yet unknown, the levels in AML are down-
regulated. More in vitro and in vivo work is 
required to gauge the functional role of the 
lncRNA UCA1.
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