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Abstract. The long non‑coding (lnc)RNA associated with poor 
prognosis of hepatocellular carcinoma (AWPPH) serves as an 
oncogene in several cancers, such as liver and bladder cancers, 
however, to the best of our knowledge, its function in T‑cell 
acute lymphoblastic leukemia is unknown. The results of the 
present study revealed that the expression levels of lncRNA 
AWPPH and Rho‑associated protein kinase 2 (ROCK2) were 
upregulated in the bone marrow of patients with pediatric 
T‑cell acute lymphoblastic leukemia compared with healthy 
controls. Expression levels of lncRNA AWPPH and ROCK2 
were positively correlated with each other. lncRNA AWPPH 
and ROCK2 overexpression promoted the proliferation and 
inhibited the apoptosis of Loucy cells, an acute lymphoblastic 
leukemia cell line. Overexpression of lncRNA AWPPH 
resulted in upregulation of ROCK2 expression in Loucy cells. 
Similarly, ROCK2 overexpression also resulted in upregula‑
tion of lncRNA AWPPH in Loucy cells, suggesting an element 
of reciprocity in the function of lncRNA AWPPH and ROCK2. 
It was concluded that lncRNA AWPPH promoted the prolif‑
eration and inhibited the apoptosis of cancer cells in pediatric 
T‑cell acute lymphoblastic leukemia possibly through interac‑
tions with ROCK2.

Introduction

Acute lymphoblastic leukemia (ALL) is a type of malignancy 
that develops in the thymus from an immature thymocyte (1). 
ALL is caused by the accumulation of genetic and epigen‑
etic aberrations, which results in altered cell differentiation, 

proliferation, apoptosis and self‑renewal capacity (1). T‑cell 
ALL  (T‑ALL) accounts for ~15% of all cases of ALL in 
children and 25% of cases in adults  (2,3). Studies in the 
past several decades have identified a considerable number 
of genetic factors that are involved in the development and 
progression of T‑ALL (4,5). However, the molecular signaling 
pathways involved in the progression of ALL are not well 
understood.

Long non‑coding RNAs (lncRNAs) are sequences of 
RNA >200 nucleotides long involved in regulating a range of 
physiological and pathophysiological processes (6). Altered 
expression of various lncRNAs has been demonstrated 
to promote cancer development, and some differentially 
expressed lncRNAs may possess clinical potential in treating 
patients with cancer  (7,8). lncRNA associated with poor 
prognosis of hepatocellular carcinoma  (AWPPH) is a 
recently identified oncogenic lncRNA in liver and bladder 
cancer (9,10). In liver cancer, lncRNA AWPPH expression 
is increased and promotes cancer progression by interacting 
with Y‑box binding protein 1 (9). In bladder cancer, lncRNA 
AWPPH is involved in the regulation of cancer progression 
by regulating the activities of the SMAD family member 4 
via the enhancer of zeste 2 polycomb repressive complex 2 
subunit (10). lncRNA AWPPH expression was additionally 
upregulated in glioma based on our preliminary transcrip‑
tome analysis data (data not shown). In the present study, it 
was demonstrated that lncRNA AWPPH may regulate the 
cancerous behaviors of cells in pediatric T‑ALL by inter‑
acting with the Rho‑associated protein kinase 2 (ROCK2), a 
well‑characterized oncogene which is expressed in different 
types of cancer (11).

Materials and methods

Human materials and cell lines. Bone marrow containing 
malignant cells was obtained from 32  patients with 
pediatric T‑ALL and 32  age‑ and sex‑matched healthy 
volunteers. Patients were admitted to The First Clinical 
Hospital Aff i l iated to Harbin Medical University 
(Heilongjiang, China) between June 2014 and July 2018. 
The inclusion criteria for recruitment were: i) Patients were 
diagnosed with ALL for the first time; and ii) patients had 
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otherwise normal function of the major organs. The exclusion 
criteria were: i) Patients had received treatment for ALL in 
the past 3 months; ii) other clinical disorders were observed; 
and iii) patients failed to cooperate with the researchers. The 
ALL group included 19 males and 13 females (age range, 
7‑14 years; mean age, 10.8±1.9 years). In the control group, 
there were 18 males and 14 females (age range, 7‑14 years; 
mean age, 10.6±1.7 years). The present study was approved 
by the Ethics Committee of The First Clinical Hospital 
Affiliated to Harbin Medical University. All participants' 
guardians signed informed consent.

Cells of Loucy (cat.  no.  CRL‑2629) were obtained 
from the American Type Culture Collection. Cells were 
cultured in RPMI‑1640 medium (cat. no. 30‑2001; American 
Type Culture Collection) supplemented with 10%  FBS 
(Sigma‑Aldrich; Merck KGaA) and Penicillin‑Streptomycin 
(100  U/ml; Sigma‑Aldrich; Merck  KGaA) at  37˚C and 
5% CO2.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
GenElute™ Total RNA Purification kit (Sigma‑Aldrich; 
Merck KGaA) was used for RNA extraction from bone marrow 
samples and in vitro cultured cells, followed by preparation 
of cDNA samples using AMV Reverse Transcriptase (VWR 
International) with the following thermocycling conditions: 
25˚C for 5 min, 53˚C for 20 min and 75˚C for 10 min. All PCR 
mixtures were prepared using the SuperScript III Platinum 
One‑Step qRT‑PCR kit (Thermo Fisher Scientific, Inc.). The 
ABI 7500 system was used to perform all PCR reactions with 
the following conditions: 1 min at 95˚C, followed by 40 cycles 
of 15 sec at 95˚C and 40 sec at 57.5˚C. Ct values were normal‑
ized using the 2‑ΔΔCq method (12). Primer sequences were as 
follows: lncRNA AWPPH forward, 5'‑GGA​GCG​AGA​TCC​
CTC​CAA​AAT‑3' and reverse, 5'‑GGC​TGT​TGT​CAT​ACT​
TCT​CAT​GG‑3'; ROCK2 forward, 5'‑GTG​TCG​GCT​CCT​
CTG​ATC​TC‑3' and reverse, 5'‑GGC​ATG​TCT​GGA​TGA​CCT​
CT‑3'; and GAPDH (reference gene) forward, 5'‑CTG​GAT​
GGT​CGC​TGCT​TTT​TA‑3' and reverse, 5'‑AGG​GGG​ATG​
AGT​CGT​GAT​TT‑3'.

Vectors and cell transfection. pcDNA3.1 vectors expressing 
ROCK2 and lncRNA AWPPH were designed and prepared 
by Sangon Biotech Co., Ltd., along with empty vectors. 
Cells were cultivated overnight to reach 70‑80%  conflu‑
ence before transfection. Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to perform cell trans‑
fection using 15 nM vectors. Transfection with empty vectors 
was used as the negative control (NC). Treatment with the 
Lipofectamine® 2000 reagent alone was also used as another 
control (C). Cells were cultivated in fresh medium for 48 h 
prior to the subsequent assays.

Cell Counting Kit‑8 (CCK‑8) assay. Cell proliferation 
was measured using the CCK‑8 assay (Sigma‑Aldrich; 
Merck KGaA) at 24 h after transfection, according to the manu‑
facturer's instructions. Briefly, 3x103 cells/well were added to a 
96‑well plate, followed by the addition of 10 µl CCK‑8 solution 
every 24 h up to 96 h. Following incubation at 37˚C for 4 h, 
a microplate reader (Bio‑Rad Laboratories, Inc.) was used to 
measure the absorbance at 450 nm.

Cell apoptosis assay. Cell apoptosis was analyzed using a 
cell apoptosis assay 24 h after transfection. Cells were centri‑
fuged at room temperature at 1,500 x g for 10 min to remove 
the supernatant. Cells were washed with PBS and counted. 
Subsequently, 1x106 cells were stained with 500 µl binding 
buffer, 5 µl FITC‑labeled Annexin V and 5 µl propidium iodide 
solution. After incubation in the dark for 10 min, apoptotic 
cells were detected using the FACSCalibur flow cytometry 
system (BD Biosciences). Data was analyzed using Flowing 
Software version 2.5 (Turku Bioscience).

Western blot analysis. Total protein was extracted from 
in vitro cultivated Loucy cells at 48 h after transfection using 
a Total Protein Extraction kit (cat. no. NBP2‑37853; Novus 
Biologicals, LLC). BCA assay (Invitrogen; Thermo Fisher 
Scientific, Inc.) was performed to measure protein concen‑
tration. Following protein denaturation (5  min in boiling 
water), electrophoresis was performed (30 µg per lane) using 
10% SDS‑PAGE, and PVDF membranes were used for gel 
transfer. Following incubation with 5% skimmed milk for 2 h 
at 22˚C, membranes were incubated with ROCK2 (dilution, 
1:2,000; cat.  no.  ab71598; Abcam) and GAPDH (dilution, 
1:1,000; cat. no. ab9485; Abcam) rabbit anti‑human primary 
antibodies for 18  h at  4˚C, followed by incubation with 
immunoglobulin G‑horseradish peroxidase goat anti‑rabbit 
secondary antibody (dilution, 1:1,000; cat. no. MBS435036; 
MyBioSource, Inc.) for 2 h at room temperature. Subsequently, 
membranes were incubated with ECL reagent (Sigma‑Aldrich; 
Merck KGaA) to detect signals. Data were analyzed using 
ImageJ v1.46 (National Institutes of Health).

Statistical analysis. GraphPad Prism 6 software (GraphPad 
Software, Inc.) was used for data analysis. Data are 
presented as the mean  ±  standard deviation of three 
biological replicates. Differences between two groups were 
determined using an unpaired Student's t‑test. Differences 
among three or more groups were analyzed using one‑way 
ANOVA with Tukey's post hoc test. Correlations between 
lncRNA AWPPH and ROCK2 expression were determined 
using Pearson's correlation coefficient. Diagnostic values 
of lncRNA AWPPH and ROCK2 for T‑ALL were deter‑
mined using receiver operating characteristic (ROC) curve 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

lncRNA AWPPH and ROCK2 mRNA levels are upregulated in 
patients with pediatric T‑ALL. lncRNA AWPPH and ROCK2 
mRNA expression in bone marrow was detected by RT‑qPCR. 
Compared with the control group, lncRNA AWPPH (Fig. 1A) 
and ROCK2 mRNA (Fig. 1B) expression was significantly 
upregulated in patients with T‑ALL. In addition, western blot‑
ting results revealed that ROCK2 protein levels were higher 
in patients (n=4) than in controls (n=2) (P<0.05; Fig. 1C). It is 
worth noting that due to a lack of quality protein samples, the 
number of assayed patients was limited.

lncRNA AWPPH and ROCK2 upregulation distinguishes 
patients with T‑ALL from healthy controls. The diagnostic 
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values of lncRNA AWPPH and ROCK2 for T‑ALL were 
analyzed by ROC curve analysis. In the present analysis, true 
positive cases were patients with T‑ALL, while true negative 
cases were healthy controls. For lncRNA AWPPH, the area 
under the curve (AUC) was 0.8954 (95% CI, 0.8168‑0.9740; 
standard error, 0.04008; Fig. 2A). For ROCK2 mRNA, the 
AUC was 0.9194 (95%  CI, 0.8537‑0.9851; standard error, 
0.03351; Fig. 2B).

lncRNA AWPPH and ROCK2 expression are positively corre‑
lated. The correlation between lncRNA AWPPH and ROCK2 
expression was analyzed using Pearson's correlation coef‑

ficient. As shown in Fig. 3, the expression levels of lncRNA 
AWPPH and ROCK2 were positively correlated in patients 
with T‑ALL (Fig. 3A) and in healthy controls (Fig. 3B).

lncRNA AWPPH and ROCK2 regulate each other in T‑ALL 
cells. Expression levels of lncRNA AWPPH and ROCK2 
were detected 24 h after transfection. As shown in Fig. 4A, 
overexpression of lncRNA AWPPH and ROCK2 was achieved 
in the human T‑ALL Loucy cell line (P<0.05; Fig.  4A). 
Compared with the C and NC groups, overexpression of 
ROCK2 significantly upregulated lncRNA AWPPH expres‑
sion (P<0.05; Fig. 4B). In addition, overexpression of lncRNA 

Figure 1. lncRNA AWPPH and ROCK2 mRNA levels are upregulated in patients with pediatric T‑ALL. Reverse transcription‑quantitative PCR results 
revealed that expression levels of (A) lncRNA AWPPH and (B) ROCK2 were significantly upregulated in patients with T‑ALL compared with those in healthy 
controls. (C) Western blotting results revealed that ROCK2 protein levels were higher in P (n=4) than in C (n=2). Western blotting data presented were from 
two separate gels separated by a white line. Mean values of P and C groups were compared. *P<0.05. P, patient; C, control; T‑ALL, T‑cell acute lymphoblastic 
leukemia; lncRNA AWPPH, long non‑coding RNA associated with poor prognosis of hepatocellular carcinoma; ROCK2, Rho‑associated protein kinase 2.

Figure 2. Upregulation of lncRNA AWPPH and ROCK2 expression distinguishes patients with T‑ALL from healthy controls. Receiver operating characteristic 
curve analysis revealed that upregulation of (A) lncRNA AWPPH and (B) ROCK2 distinguished patients with T‑ALL from healthy controls. T‑ALL, T‑cell 
acute lymphoblastic leukemia; lncRNA AWPPH, long non‑coding RNA associated with poor prognosis of hepatocellular carcinoma; ROCK2, Rho‑associated 
protein kinase 2.
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Figure 4. lncRNA AWPPH and ROCK2 regulate each other's expression in T‑cell acute lymphoblastic leukemia cells. (A) Overexpression of lncRNA AWPPH 
and ROCK2 was achieved by transfection in Loucy cells, as displayed by reverse transcription‑quantitative PCR (left and middle) and western blot analysis 
(right). (B) Overexpression of ROCK2 significantly upregulated lncRNA AWPPH expression. (C) Overexpression of lncRNA AWPPH upregulated ROCK2 
expression at both the mRNA (left) and protein levels (middle and right). *P<0.05. C, control; NC, negative control; lncRNA AWPPH, long non‑coding RNA 
associated with poor prognosis of hepatocellular carcinoma; ROCK2, Rho‑associated protein kinase 2.

Figure 3. lncRNA AWPPH and ROCK2 expression are positively correlated. Pearson's correlation coefficient revealed that the expression levels of lncRNA 
AWPPH and ROCK2 were positively correlated in (A) patients with T‑cell acute lymphoblastic leukemia and (B) healthy controls. lncRNA AWPPH, long 
non‑coding RNA associated with poor prognosis of hepatocellular carcinoma; ROCK2, Rho‑associated protein kinase 2.
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AWPPH upregulated ROCK2 expression at both the mRNA 
and protein levels (P<0.05; Fig. 4C).

lncRNA AWPPH and ROCK2 overexpression regulate T‑ALL 
cell behaviors. Cell proliferation and apoptosis were analyzed 
by CCK‑8 and cell apoptosis assays, respectively, at 24 h after 
transfection. Compared with the C and NC groups, overex‑
pression of either lncRNA AWPPH or ROCK2 significantly 
promoted proliferation (Fig.  5A) and inhibited apoptosis 
(Fig. 5B) of Loucy cells (P<0.05).

Discussion

lncRNA AWPPH is a recently identified oncogenic lncRNA 
in liver cancer and bladder cancer (9,10). To the best of our 
knowledge, the involvement of lncRNA AWPPH in other 
human diseases remains unknown. The present study revealed 
that the expression levels of lncRNA AWPPH and ROCK2 
were upregulated in pediatric T‑ALL. In addition, lncRNA 
AWPPH and ROCK2 overexpression upregulated each other's 
expression, suggesting that they may promote the development 
and progression of T‑ALL.

Previous studies have demonstrated that the development of 
T‑ALL is accompanied by changes in the expression patterns of 
a large set of lncRNAs (13,14), and that the differential expres‑
sion of lncRNAs defines the subtypes of this disease (13). The 
present study reported the upregulation of lncRNA AWPPH in 
pediatric T‑ALL. lncRNA AWPPH has been associated with 
the regulation of cancer cell proliferation (9,10). Consistently, 
the present study revealed that upregulation of lncRNA 
AWPPH significantly promoted the proliferation of T‑ALL 
cells. Additionally, the present findings improved the under‑

standing of the function of lncRNA AWPPH, suggesting that 
lncRNA AWPPH may be an inhibitor of cancer cell apoptosis 
in T‑ALL.

ROCK2 is a type of serine/threonine kinase that is involved 
in the regulation of smooth muscle contraction, cytokinesis, 
focal adhesion and formation of actin stress fibers  (15). 
ROCK2 is frequently upregulated in cancer development, and 
inhibition of ROCK2 expression can improve cancer treat‑
ment (11,15‑17). In the present study, ROCK2 expression was 
significantly upregulated in patients with T‑ALL compared 
with in healthy controls. ROCK2 upregulation distinguished 
patients with T‑ALL from healthy controls.

It is well‑known that ROCK2 may exert its biological 
functions by interacting with lncRNAs (18). Notably, in the 
present study lncRNA AWPPH and ROCK2 upregulated each 
other's expression in T‑ALL cells. However, the molecular 
mechanism underlying the interaction between lncRNA 
AWPPH and ROCK2 remains unknown. It was hypothesized 
that lncRNA AWPPH and ROCK2 may directly interact with 
each other, or that their interaction may be regulated by some 
non‑pathological mediators, since the expression levels of 
lncRNA AWPPH and ROCK2 were positively correlated in 
both patients and healthy controls. In addition, AWPPH and 
ROCK2 did not affect each other's expression in silencing 
assays (data not shown). Therefore, AWPPH and ROCK2 may 
interact with each other in a unidirectional way.

However, only one cell line was used in the present study. 
Therefore, future studies should include multiple cell lines 
to further verify the conclusions made in the present study. 
Future studies should focus on the identification of patho‑
logical factors that mediate the interaction between lncRNA 
AWPPH and ROCK2.

Figure 5. lncRNA AWPPH and ROCK2 overexpression regulates T‑cell acute lymphoblastic leukemia cell behavior. Overexpression of either lncRNA AWPPH 
or ROCK2 (A) significantly promoted proliferation and (B) inhibited apoptosis of Loucy cells. *P<0.05. C, control; NC, negative control; lncRNA AWPPH, 
long non‑coding RNA associated with poor prognosis of hepatocellular carcinoma; PI, propidium iodide; ROCK2, Rho‑associated protein kinase 2. 
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In conclusion, lncRNA AWPPH and ROCK2 were upregu‑
lated in pediatric T‑ALL. lncRNA AWPPH and ROCK2 may 
upregulate each other's expression to promote the development 
of this disease.
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