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ABSTRACT 

Multiple studies have revealed that the long non-coding RNA RPPH1 (Ribonuclease P RNA Component H1) is 
involved in disease progression of solid tumors and neurodegenerative diseases. We aimed to explore the functions 
of RPPH1 in the pathogenesis of acute myeloid leukemia (AML) and the underlying molecular mechanisms. The 
expression of RPPH1 was examined in blood samples of AML patients and human AML cell lines including THP-
1 and HL-60. The microRNAs (miRNAs) targets of RPPH1 were predicted with online tools and validated with 
the dual luciferase reporter assay. The malignant behaviors of AML cells with lentivirus medicated knockdown of 
RPPH1 and/or administration of miR-330-5p inhibitor were assessed. Cell proliferation was determined by the 
CCK-8 and EdU incorporation methods, and cell invasion and migration were assayed with transwell experiments. 
The effects of RPPH1 knockdown on in vivo tumor growth were evaluated in nude mice with xenografted THP-1 
cells. RPPH1 was expressed in the AML tissues and cell lines and its high expression predicted worse overall 
survival in AML patients. miR-330-5p was validated to be a direct target of RPPH1. Knockdown of RPPH1 sup-
pressed the proliferation, invasion and migration ability of human AML cells, which was partially reversed by 
additional administration with miR-330-5p inhibitor. RPPH1 knockdown significantly inhibited the growth of 
xenografted THP-1 tumor in nude mice. Our work highlights the contributions of RPPH1 in promoting AML 
progression through targeting miR-330-5p, and suggests that the RPPH1/miR-330-5p axis is a potential target for 
AML treatments. 
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INTRODUCTION  

Acute myeloid leukemia (AML) is a ma-
lignant clonal disorder of blood cells, which 
is characterized by alterations and low pro-
duction of healthy hematopoietic cells due to 
the expansion of malignant tumor (Dohner et 
al., 2015; Prada-Arismendy et al., 2017). 

AML is the most common form of acute leu-
kemia in adults with an incidence of approxi-
mately 2–4 cases per 100,000 population per 
year (Juliusson et al., 2012). AML can be a 
primary disease, or secondary to hematologi-
cal disorders or after chemotherapy and/or ra-
diotherapy for another primary disease 
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(Dohner et al., 2015; Schulz et al., 2012). Due 
to the complexity of molecular and cytoge-
netic architecture in AML, the exact molecu-
lar basis of AML in humans remains not fully 
elucidated. For a long period of time, the 
treatment options for AML are limited to 
chemotherapy and hematopoietic stem cell 
transplantation (Liao et al., 2019). However, 
current high-intensity treatment approaches 
allow around 40 % cure rate in younger AML 
patients and up to 15 % long lasting remis-
sions in older patients over 60 years of age 
(Dohner et al., 2010). The efficacy of current 
AML therapies is limited due to a bunch of 
problems, such as the occurrence of chemo-
therapy resistance, intolerance of high-inten-
sity chemotherapy in the elderly, and relapse 
after transplantation. Therefore, it is urgent to 
explore novel targets for more effective ther-
apy of AML. 

Recently, the development of high-
throughput screening technologies has facili-
tated the identification of the critical roles of 
numerous non-coding genes, such as long 
non-coding RNA (lncRNA) and microRNAs 
(miRNAs) in the pathogenesis of hematolog-
ical malignancies (Cruz-Miranda et al., 2019; 
Liu et al., 2019; Wei and Wang, 2015). 
LncRNA is defined as an RNA transcript 
longer than 200 nucleotides with no protein 
product, and was considered to be non-func-
tional accumulation of genome junk se-
quences (Wapinski and Chang, 2011). How-
ever, accumulating evidence suggests that 
lncRNAs have multiple functions in normal 
and malignant hematopoiesis (Han and Chen, 
2013), and they are widely involved in epige-
netic regulation, cell cycle regulation, cell 
proliferation, cell differentiation, apoptosis, 
and metastasis (Beltran-Anaya et al., 2016). 
LncRNAs may regulate gene transcription 
and translation through different mechanisms, 
such as interaction with RNA-binding pro-
teins to reduce the translation activity of 
mRNA and epigenetically regulate gene ex-
pression, and competition with mRNAs for 
miRNA binding. Various lncRNAs were re-
ported to be implicated in the pathogenesis of 
AML. For instance, lncRNA SBF2-AS1 was 

recently revealed to modulate cell prolifera-
tion of AML cells through acting as a miRNA 
sponge of miR-188-5p, and SBF2-AS1 inhi-
bition represents a potential therapeutic strat-
egy for AML treatment (Tian et al., 2019). It 
is also anticipated that lncRNAs will be used 
in clinical diagnosis and treatment after large 
scale clinical trials and functional studies are 
completed in the near future (Feng et al., 
2018). 

As one of the lncRNAs, RPPH1 (Ribonu-
clease P RNA Component H1) is well-known 
as an RNA subunit of RNase P, which partic-
ipates in the cleaveages of tRNA precursor 
molecules and formation of the mature 5′ter-
mini of the tRNA sequences (Baer et al., 
1990). RPPH1 is widely used as an internal 
housekeeping gene for RNA quantitation 
(Soler-Alfonso et al., 2014). Nevertheless, re-
cent investigations with deep sequencing 
technologies have uncovered that RPPH1 is 
up-regulated in human gastric cancer tissues 
and neocortical tissues of seizure patients 
(Lipovich et al., 2012; Xia et al., 2014). More-
over, RPPH1 over-expression was found to 
promote breast cancer progression through 
functional suppression of miR-122 and its tar-
gets (Zhang and Tang, 2017). Besides, Rpph1 
was identified to up-regulate CDC42 expres-
sion in mice cortexes and hippocampi through 
direct binding to miR-326-3p and miR-330-
5p. Rpph1 was shown to compete with endog-
enous miR-330-5p and subsequently up-regu-
late CDC42 to modulate actin dynamics in 
primarily cultured pyramidal hippocampal 
neurons (Cai et al., 2017). Therefore, these re-
ports suggest that RPPH1 is involved in dis-
ease progression in animals and humans, but 
is not merely a “house-keeping enzyme”. 
However, whether RPPH1 contributes to the 
pathogenesis of AML and the potential mo-
lecular mechanisms are not explored so far. 

In this study, we examined the expression 
level of RPPH1 in blood samples of AML pa-
tients and several human AML cell lines, and 
identified that high RPPH1 expression in 
AML patients predicted worse overall sur-
vival. Through shRNA (short hairpin RNA)-
mediated knockdown of RPPH1 expression in 
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AML cells, we revealed the critical roles of 
RPPH1 in promoting the malignant behaviors 
of AML cells both in vitro and in AML tumor 
xenograft mice model. In addition, we also 
explored the interactions between RPPH1 and 
candidate miRNAs in human AML cells, and 
confirmed that miR-330-50p was a target 
miRNA of RPPH1 in AML. 

 
MATERIALS AND METHODS 

Cell culture 
Human bone marrow stromal cell line HS-

5 (ATCC® CRL-11882™), human acute 
monocytic leukemia cell line (ATCC® TIB-
202™), human acute promyelocytic leukemia 
cell line HL-60 (ATCC® CCL-240™), and 
human acute myelogenous leukemia cell line 
KG-1 (ATCC® CCL-246) were originally 
purchased from the American Type Culture 
Collection (ATCC, Manassas, VA, USA). 
These cell lines were authenticated by STR 
(Short Tandem Repeat) DNA profiling analy-
sis and tested as mycoplasma contamination 
free by the vender. The base culture medium 
for HS-5 cells was Dulbecco's Modified Ea-
gle's Medium (DMEM; Thermo Fisher Scien-
tific, Waltham, MA, USA), and that for THP-
1 cells was Roswell Park Memorial Institute 
(RPMI)-1640 (Thermo Fisher Scientific). The 
base medium for HL-60 cells and KG-1 cells 
was Iscove's Modified Dulbecco's Medium 
(IMDM; Thermo Fisher Scientific). To make 
the complete growth medium, the base me-
dium was supplemented with 10 % fetal bo-
vine serum (FBS; Gibco, Gaithersburg, MD, 
USA), 100 units/ml of penicillin and 100 
µg/ml of streptomycin (Gibco). Cells were 
cultured in a humidified atmosphere with 5 % 
CO2 at 37 °C.	

 
Patients  

Patients with AML in second Affiliated 
Hospital of Xi'an Jiaotong University (Xi'an, 
China) were enrolled between July, 2018 and 
May 2019. Peripheral blood sample collec-
tions were carried out according to the proto-
cols abided by the Ethics Review Board at 
second Affiliated Hospital of Xi'an Jiaotong 
University. Informed consents were signed by 

all the subjects. Peripheral blood mononu-
clear cells (PBMCs) were isolated using Fi-
coll-Paque™ (GE Healthcare Life Sciences, 
Pittsburgh, PA, USA) through density-gradi-
ent centrifigution.  

 
shRNA gene knocking down  

Three siRNA sequences and one random 
negative control sequence (antisense strand 
sequence:) were cloned into the lentiviral vec-
tor. The most effective shRNA sequence (sh-
RPPH1-1; antisense strand sequence: 5′-AA-
GAGUGACACGCACUCAGCACGUG-3′) 
with a targeting sequence located at the locus 
of human RPPH1 gene (GenBank Accession 
No. NR_002312.1) was selected in pre-exper-
iments. Lentiviral particles were produced in 
HEK 293T cells by transiently co-transfecting 
control lentiviral vector (sh-NC) or RPPH1-
knockdown lentiviral vector (sh-RPPH1) to-
gether with helper plasmids pHelper 1.0 (Gag 
and Pol) and pHelper 2.0 (VSVG) using 
house-made transfection reagents from 
GenePharma Co., Ltd (Shanghai, China). The 
vector constructions, verification by sequenc-
ing, virus packaging and collection of the cor-
responding viral supernatants were performed 
by GenePharma Co., Ltd (Shanghai, China). 

THP-1 or HL-60 cells in logarithmic 
growth phase were inoculated on 24-well 
plates at a density of 5×104/ml and cultured 
for 24 hours. Cells were divided into three 
groups: experiment group infected with sh-
RPPH1, control group infected with sh-NC, 
and uninfected blank group. Cells were in-
fected by lentivirus with the best Multiplicity 
of Infection (MOI=70) obtained in the pre-ex-
periments, and the culture medium was 
changed after 8 hours. Stable cell lines with 
knockdown of RPPH1 were obtained with the 
limited dilution method after screening with 
the antibiotic. 

 
Cell transfection 

The miR-330-5p mimic, the miR-330-5p 
inhibitor, and negative control (miR-NC) 
were purchased from Shanghai GenePharma 
Co., Ltd (Shanghai, China). Transfections of 
the miRNAs/inhibitor were performed using 
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Lipofectamine 2000 (Thermo Fisher Scien-
tific) according to the manufacturer’s instruc-
tions. At 48 hours after transfection, cells 
were subjected to further analyses. 

 
Real-time RT-PCR 

Total RNA was isolated using TRIzol re-
agent (Invitrogen, Carlsbad, CA) and miRNA 
was extracted using a miRNeasy mini kit (Qi-
agen, Hilden, Germany) according to the 
manufacturer’s instructions, and total RNA 
quality was confirmed by gel electrophoresis. 
Total RNA (1 μg each sample) was used to 
synthesize cDNA utilizing the PrimeScript® 
RT Master Mix Perfect Real Time Reagent 
Kit (Takara Bio Inc., Shiga Prefecture, Ja-
pan). For miRNA reverse transcription, 
cDNA was synthesized using a universal tag 
by using a miScript II RT kit (Qiagen). Quan-
titative reverse transcription PCR (RT-qPCR) 
for miRNA and mRNA were performed using 
a standard protocol from the SYBR Green 
PCR kit (Toyobo, Osaka, Japan) on an 
AB7500 RT-PCR instrument (Applied Bio-
systems, Foster City, CA, USA). Relative 
quantifcation was determined by normaliza-
tion to GAPDH or U6. PCR primers were 
synthesized by Sangon Biotech Co. Ltd 
(Shanghai, China). The PCR reaction proto-
col consisted of two steps: step one, initial de-
naturation for 30 s at 95 °C step two, denatur-
ation for 5 s at 95 °C annealing and extension 
for 31 s at 60 °Cand fluorescence signal ac-
quisition. The reactions had a total of 40 cy-
cles, and ended with a melting curve which 
consisted of 15 s at 95 °C 1 min at 60 °C 15 s 
at 95 °C and 15 s at 60 °C. The experiments 
were repeated for 3 times and each sample 
was run in triplicates. PCR product specificity 
was confirmed by melting curve analysis.The 
primers are listed in the Supplementary Table 
1, gene expression levels were calculated with 
the 2-ΔΔCT method. 

 
Proliferation assays 

THP-1 and HL-60 cell lines with specified 
manipulation of gene-expression were seeded 
into 96-well plates at a density of 5 × 103/well. 
At 24 hours after culturing, the cell viability 

was evaluated with the Cell Counting Kit-8 
(CCK-8; Dojindo Molecular Technologies, 
Kumamoto, Japan) following the manufac-
turer’s specifications. Briefly, cells were in-
cubated with the CCK-8 reagent at 37 °C for 
2 hours. Cell viability was quantified by 
measuring absorbance at 595 nm on a micro-
plate reader. Cells adherently grown on a co-
verslip were assayed for cell proliferation 
with the EdU method (EdU Flow Cytometry 
Kit 488; Sigma-Aldrich, St. Louis, MO, 
USA). After fixation with 4 % formaldehyde 
in phosphate-buffered saline (PBS) and per-
meabilization with 0.5 % Triton™ X-100 in 
PBS, cells were stained with xnM 5-Ethynyl-
deoxyuridine (5-EdU) and 1 µg/mL DAPI 
(4′,6-diamidino-2-phenylindole). A Zeiss 
LSM 700 Meta confocal microscope was used 
to measure the fluorescence. 

 
Cell invasion and migration assays 

Transwell Boyden chambers (BD Biosci-
ences, San Jose, CA, USA) with 8 μm pore 
size polycarbonate filters were used for in 
vitro cell migration assays, and chambers 
coated with Matrigel (BD Biosciences) were 
used to evaluate the invasive potential of 
THP-1 and HL-60 cells in vitro. Briefly, ES 
cells were seeded at a density of 1×105 per 
well into the upper chamber, and 500 μl com-
plete medium was loaded into the lower 
chamber. Chambers were then incubated for 
24 h. At the time of harvesting, cells remain-
ing inside the upper chambers were removed, 
while migrated and invaded cells on the lower 
surface of the membrane were fixed in 1 % 
paraformaldehyde and stained with crystal vi-
olet (Sigma-Aldrich), followed by visualiza-
tion and counting under an inverted micro-
scope. Cells were imaged using a low power 
(100×) magnification, and five visual fields 
per well were randomly selected for cell 
counting. 
 
Luciferase reporter assay 

Candidate miRNAs targeting RPPH1 and 
the binding sites of miRNAs and RPPH1 were 
predicted using the online tools starBase v 2.0 



EXCLI Journal 2019;18:824-837 – ISSN 1611-2156 
Received: July 29, 2019, accepted: August 29, 2019, published: September 11, 2019 

 

 

828 

(http://starbase.sysu.edu.cn/starbase2/in-
dex.php) and lncbase. The predicted RPPH1 
mRNA binding site region and the corre-
sponding mutated region were cloned into a 
luciferase-expressing vector. HEK293 T cells 
(ATCC® CRL-3216™) were co-transfected 
with the vectors and the miR-330-5p mimics 
or scramble control miR-NC. At 48 hours af-
ter transfection, the culture supernatant was 
harvested and subjected to luciferase activity 
analysis using a Dual-Luciferase Reporter 
Assay System (Promega, Fitchburg, WI, 
USA) following the manufacturer’s instruc-
tions. 

 
Xenograft tumor model 

Four-week-old male BALB/c nude mice 
were purchased from Charles River Laborato-
ries (Beijing, China), and housed at the spe-
cific pathogen-free (SPF) facility at the Ani-
mal Center of Xi'an Jiaotong University. Mice 
were maintained at room temperature (22 ± 
1 °C) with a 12/12 hours light/dark cycle and 
access to food and water ad libitum. Stable 
THP-1 cell line with knockdown of RPPH1 
(sh-RPPH1) or control THP-1 cells (sh-NC) 
were injected subcutaneously into the right 
flank of each mouse (5×106 cells/mouse) to 
establish the xenograft model. Tumor volume 
was monitored twice per week by measuring 
the tumor diameters, and calculated with the 
following formula: V=ab2/2, where a is the 
long diameter while b is the short diameter. 
Two weeks after tumor inoculation, mice 
were euthanized and tumor tissues were sub-
jected to further analyses. Animal experi-
ments were conducted in accordance with the 
Declaration of Helsinki and all procedures in-
volving experimental animals were approved 
by the University Committee on the Use and 
Care of Animals (UCUCA) at the second Af-
filiated Hospital of Xi'an Jiaotong University. 

 

Statistics 
Data are presented as mean ± standard de-

viation (SD). Statistical analyses were con-
ducted using the SPSS 17.0 software (IBM, 
Armonk, NY, USA). Student’s t-test was used 
to compare differences between two groups. 
One-way analysis of variance (ANOVA) was 
used to analyze differences among more than 
two groups, which was followed by Tukey’s 
post hoc test. A P value less than 0.05 was 
considered statistically significant. 

 
RESULTS 

RPPH1 is expressed in the AML tissues and 
cell lines and its high expression predicts 
worse overall survival in AML patients 

In order to explore the potential roles of 
lncRNA RPPH1 in AML, we first determined 
the relative transcript level of lncRNA 
RPPH1 in the PBMC samples of AML pa-
tients and some common AML cell lines. 
PBMC samples were collected from AML pa-
tients and matched healthy control subjects. 
RT-qPCR analysis demonstrated that RPPH1 
expression was significantly higher (approxi-
mately 3-fold) in the blood samples of AML 
group than that in the control group (Figure 
1A). In addition, compared with the control 
bone marrow stromal cell line HS-5, three 
typical AML cell lines including THP-1, HL-
60 and KG-1 had significantly higher levels 
of RPPH1 transcript. While KG-1 cells dis-
played approximately 4.5 folds expression of 
RPHH1 in comparison to HS-5, THP-1 and 
HL-60 cells displayed over 5 folds RPHH1 
expression (Figure 1B). Therefore, THP-1 
and HL-60 cells with more RPPH1 expression 
were selected for further studies. Moreover, 
we performed the overall survival analysisby 
the GEPIA (http://gepia.cancer-pku.cn/de-
tail.php), the results showed that patients with 
higher RPPH1 expression had worse overall 
survival than those with lower RPHH1 ex-
pression (Figure 1C). Taken together, RPPH1 
expression is increased in blood cells of AML 
patients and associated with poor overall sur-
vival of AML patients. 
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Knockdown of RPPH1 suppressed the  
proliferation, invasion and migration  
ability of human AML cells 

To substantiate the roles of lncRNA 
RPPH1 in the progression of AML, we deter-
mined the effects of RPPH1 knockdown on 
proliferation, invasion and migration of hu-
man AML cell lines THP-1 and HL-60. First, 
we established three THP-1 cell lines and 
three HL-60 cell lines with stable knockdown 
of RPPH1 by shRNA lentivirus infection and 
screening with the antibiotics.As shown in 
Figure 2A, the shRNA construct sh-RPPH1-1 
rendered more reduced expression of RPPH1 
transcript in THP-1 and HL-60 cells than the 
other two constructs sh-RPPH1-2 and sh-
RPPH1-3. Therefore, cells with sh-RPPH1-1 

mediated knockdown of RPPH1 were used 
for further analysis. Compared with the pa-
rental control cells and sh-NC infected cells, 
either THP-1 cells with reduced RHHP1 ex-
pression or HL-60 cells with reduced RHHP1 
expression demonstrated significantly de-
creased proliferation in the CCK-8 assays 
(Figure 2B and Figure 2C) and EdU assays 
(Figure 2D). Furthermore, our transwell as-
says revealed that RPPH1 knockdown re-
markably decreased the invasion ability (Fig-
ure 2E) and migration ability (Figure 2F) of 
THP-1 cells and HL-60 cells. Collectively, 
these results suggest that RPPH1 expression 
contributes to the malignant behaviors of 
AML cells. 

 

Figure 1: RPPH1 is expressed in AML tis-
sues and cell lines and its high expression 
predicts worse overall survival of AML pa-
tients. (A) Relative expression level of RPPH1 
in the PBMCs from healthy control donors (Con-
trol) and AML patients (AML) was determined by 
RT-qPCR. (B) Relative expression level of 
RPPH1 in human bone marrow stromal cell line 
HS-5 and three human AML cell lines (THP-1, 
HL-60 and KG-1) was determined by RT-qPCR. 
(C) Overall survival analysis by Kaplan–Meier 
and log-rank test indicated that the AML patients 
with higher RPPH1 level had worse outcome 
compared with those with lower RPPH1 level. 
**P<0.01, compared with the indicated controls
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Figure 2: RPPH1 knockdown suppressed the proliferation, invasion and migration ability of THP-
1 and HL-60 cells. (A) The relative expression level of RPPH1 in the indicated stable THP-1 and HL-
60 cell lines was determined by RT-qPCR. The stable cell lines were established after infection of control 
lentivirus (sh-NC) or RPPH1-specific shRNA-expressing lentivirus (sh-RPPH1-1, sh-RPPH1-2, and sh-
RPPH1-3). (B-C) Cell proliferation in the indicated THP-1 cell lines (B) and HL-60 cell lines (C) was 
determined with the CCK-8 method. (D) Cell proliferation in the indicated THP-1 and HL-60 cell lines 
was determined with the EdU method. Representative images show the staining of EdU and DAPI in 
cells at 48 hours after culturing, and the bar graphs summarize the relative cell proliferation rate, which 
was determined by the ratio of EdU positive cells to the DAPI positive cells. (E-F) The ability of cell 
invasion (E) and cell migration (F) of THP-1 and HL-60 cells was determined by the transwell assays. 
Representative images show the staining of cells at 48 hours after transwell culturing, and the bar graphs 
summarize the invasion or migration cell numbers. *P<0.05, **P<0.01; compared with the indicated 
controls
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The lncRNA RPPH1 and miR-330-5p have 
a targeting effect relationship in THP-1 
cells 

We then predicted the possible miRNA 
targets of lncRNA RPPH1 using the tools 
starBase v 2.0 and lncbase. As shown in Fig-
ure 3A, lncbase revealed 29 candidate 
miRNA targets and starBase revealed 4 can-
didate miRNA targets, while 3 miRNAs in-
cluding miR-328-3p, miR-330-5p, and miR-
326 were the common targets of RPPH1 pre-
dicted by both tools. Therefore, we focused 
on these 3 miRNAs and examined their levels 
in THP-1 cells upon knockdown of RPPH1. 
Compared with the sh-NC lentivirus infected 
control cells, the stable THP-1 cell line with 
sh-RPPH1 lentivirus infection-mediated 
RPPH1 knockdown had significantly in-
creased expression of miR-330-5p (approxi-
mately 4 fold), and largely unchanged expres-
sions of miR-328-3p and miR-326 (Figure 

3B), which suggested that miR-330-5p was 
more likely to be regulated by RPPH1. More-
over, the dual luciferase assays demonstrated 
that the luciferase activities were significantly 
deceased after co-transfection of wild type 
RPPH1 (RPPH1-WT) and miR-330-5p mim-
ics, but barely changed after co-transfection 
of mutated RPPH1 (RPPH-MUT) and miR-
330-5p mimics (Figure 3C), which implied 
that RPPH1 regulated the expression of miR-
330-5p through directly binding. Further-
more, three human AML cell lines (HL-60, 
THP-1 and KG-1) with higher RPPH1 expres-
sion had markedly reduced expression of 
miR-330-5p when compared with the control 
HS-5 cells (Figure 3D), which further con-
firmed that miR-330-5p is a target of RPPH1. 
Taken together, our results suggest that the 
lncRNA RPPH1 and miR-330-5p have a tar-
geting effect relationship in THP-1 cells.

 
Figure 3: The lncRNA RPPH1 and miR-330-5p have a targeting effect relationship in THP-1 cells. 
(A) The Venn diagram shows the candidate miRNAs that were predicted to be targeted by the lncRNA 
RPPH1, which were revealed by two tools starBase v 2.0 and lncbase. Schematic diagram shows the 
matching base pairs of RPPH1 and miR-330-5p. (B) The relative expression level of indicated miRNAs 
in the control stable THP-1 cell line (sh-NC) and stable RPPH-knockdown THP-1 cell line (sh-RPPH1) 
was determined with RT-qPCR. (C)The luciferase activity of the reporter vectors was detected in 293T 
cells after 48 hour of co-transfection of wild type (RPPH1-wt) or mutant (RPPH1-mut) RPPH1 3’UTR 
with miR-330-5p mimics. (D) The relative expression level of miR-330-5p in human bone marrow stromal 
cell line HS-5 and three human AML cell lines (THP-1, HL-60 and KG-1) was determined with RT-qPCR. 
*P<0.05, **P<0.01; compared with the indicated controls



EXCLI Journal 2019;18:824-837 – ISSN 1611-2156 
Received: July 29, 2019, accepted: August 29, 2019, published: September 11, 2019 

 

 

832 

Inhibition of miR-330-5p partially reverses 
the effects of RPPH1 knockdown on  
proliferation, invasion and migration  
ability of human AML cells 

Since miR-330-5p was identified as a tar-
get of RPPH1, we further explored whether 
miR-330-5p was involved in the contribution 
of RPPH1 on proliferation, invasion and mi-
gration of AML cells. First, we validated that 
transfection of miR-330-5p inhibitor signifi-
cantly reduced the level of miR-330-5p in 
both THP-1 cells and HL-60 cells (Figure 
4A). As knockdown of RPPH1 can signifi-
cantly increase the level of miR-330-5p in 
AML cells (Figure 3B), we then tested the ef-
fects of miR-330-5p inhibition on the malig-
nant behaviors of AML cells with reduced 
RPPH1 expression. Compared with the sh-
RPPH1-lentivirus infected stable THP-1 and 
HL-60 cells with further transfection of con-
trol miR-NC, the sh-RPPH1-lentivirus in-
fected stable cells with additional transfection 
of miR-330-5p-specific inhibitor had in-
creased proliferation ability, as assayed by the 
CCK-8 method (Figure 4B and Figure 4C) 
and EdU method (Figure 4D). Consistently, 
transfection of miR-330-5p inhibitor also par-
tially reversed the decreased invasion ability 
(Figure 4E) and migration ability (Figure 4F) 
of AML cells with reduced expression of 
RPPH1. Collectively, these results indicated 
that miR-330-5p inhibition partially reversed 
the effects of RPPH1 knockdown in AML 
cells, and contributed to the malignant behav-
iors of AML cells. 

 
Knockdown of RPPH1 inhibits the growth 
of xenografted THP-1 tumor in nude mice 

To further investigate the role of RPPH1 
in the progression of AML in vivo, we inocu-
lated sh-NC lentivirus infected control stable 
THP-1 cells and sh-RPPH1 lentivirus infected 
stable THP-1 cells to the flank of nude mice 
by subcutaneous injection. As shown in Fig-
ure 5A, RPPH1 knockdown resulted in signif-
icantly retarded growth of xenografted THP-
1 cells, and the volumes of tumors in the sh-
RPPH1 group were significantly smaller than 
that in the sh-NC group. Consistently, the 

mass of tumors in the sh-RPPH1 group was 
markedly reduced at two weeks after tumor 
inoculation (Figure 5B). In addition, we found 
that the tumor tissues from the sh-RPPH1 
group had significantly decreased expression 
of RPPH1 (Figure 5C) and increased expres-
sion of miR-330-5p (Figure 5D) when com-
pared with that from the sh-NC group. Taken 
together, these results implied the pro-tumor 
functions of RPPH1 and anti-tumor functions 
of miR-330-5p in vivo. 

 
DISCUSSION 

AML is highly prevalent in adults with 
high relapse rates, low overall survival rates 
and poor prognosis (Dohner et al., 2015; 
Prada-Arismendy et al., 2017). It is in urgent 
need to find out more effective biomarkers of 
AML to strengthen its diagnosis and treat-
ment. Aberrant expression of lncRNAs has 
been described in many types of cancers 
(Ling et al., 2015), and their functional in-
volvement in the pathogenesis of AML is 
continuously being unraveled (Nobili et al., 
2016; Zebisch et al., 2016). In this study, we 
explored the potential roles of RPPH1 in hu-
man AML cells and the impacts of RPPH1 ex-
pression on survival of patients with AML. 
We found that lentivirus-mediated interfer-
ence of RPPH1 could effectively inhibit the 
proliferation, invasion and migration of AML 
cells, which was partially dependent on the 
up-regulated expression of miR-330-5p, one 
of the targets of RPPH1. Thus, we identified 
an RPPH1-miR-330-5p axis in the pathogen-
esis of human AML that might be used as a 
biomarker for AML diagnosis and treatment. 

The present study demonstrated that 
RPPH1 was highly expressed in the blood 
cells of AML patients and human AML cell 
lines. It seems that RPPH1 acts as a carcino-
genic lncRNA, as its elevated expression was 
found to be associated with poor overall sur-
vival of patients suffering from AML. Con-
sistently, RPPH1 expression was also found 
to be involved in the progression of breast 
cancers. In paired clinical samples, breast 
cancer tissues had up-regulated expression of 
RPPH1 in comparison to the adjacent normal 
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Figure 4: Inhibition of miR-330-5p partially reversed the effects of RPPH1 knockdown on prolif-
eration, invasion and migration ability of THP-1 and HL-60 cells. (A) The relative expression level 
of miR-330-5p in THP-1 and HL-60 cells transfected with control siR-NC or miR-330-5p inhibitor was 
determined by RT-qPCR. (B-C) Cell proliferation in the indicated THP-1 cell lines (B) and HL-60 cell 
lines (C) was determined with the CCK-8 method. RPPH1 knockdown cell lines (sh-RPPH1) were trans-
fected with control miR-NC or miR-330-5p-specific inhibitor (miR-inhibitor), while "shR-NC" denotes the 
control stable cell line. (D) Cell proliferation in the indicated cell lines was determined with the EdU 
method. Representative images show the staining of EdU and DAPI in cells at 48 hours after culturing, 
and the bar graphs summarize the relative cell proliferation rate.(E-F) The ability of cell invasion (E) and 
cell migration (F) of the indicated cell lines was determined by the transwell assays. Representative 
images show the staining of cells at 48 hours after transwell culturing, and the bar graphs summarize 
the invasion or migration cell numbers.*P<0.05, **P<0.01, compared with the indicated sh-NC controls; 
#P<0.05, compared with the "sh-RPPH1+miR-NC" group 
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Figure 5: RPPH1 knockdown inhibited the in vivo growth of xenografted THP-1 tumor in nude 
mice. (A-D) Stable THP-1 cell line with knockdown of RPPH1 (sh-RPPH1) or control THP-1 cells (sh-
NC) were injected subcutaneously into the right flank of each mouse (5×106 cells/mouse) to establish 
the xenograft model. Tumor volume was monitored twice per week, and tumor tissues were collected at 
two weeks after tumor inoculation. (A) The image of tumors and the tumor growth curves in the sh-NC 
and sh-RPPH1 groups. (B) The weight of tumors in the indicated groups. (C-D) The expression levels 
of RPPH1 (C) and miR-330-5p (D) in tumor tissues were determined by RT-qPCR. n=5 for each group; 
*P<0.05, compared with the sh-NC control group 

 
 
 
tissues. While RPPH1 over-expression pro-
moted cell cycle and proliferation and in-
creased colony formation of human breast 
cancer cell lines MCF-7 and MDA-MB-231, 
knockdown of RPPH1 significantly inhibited 
cell proliferation in both MCF-7 and MDA-
MB-231 cells (Zhang and Tang, 2017). Simi-
larly, in our study, RPPH1 in human AML 
cells also exerted the pro-proliferative func-
tions, as its silencing significantly inhibited 
AML cell growth. Moreover, lentivirus-medi-
ated interference of RPPH1 was further 
demonstrated to be able to suppress the tumor 
formation in nude mice inoculated with either 
human breast cancer MCF-7 cells or AML 
THP-1 cells. Taken together, RPPH1 more 

likely functions as an oncogene in human dis-
eases rather than just a well-known RNA sub-
unit of RNase P involved in regulating tRNA 
(transfer ribonucleic acid) maturation, and 
plays important roles in the biological and 
pathological processes of breast cancer and 
AML. 

A previous study demonstrated that the 
pathway of RPPH1/miR-330-5p/CDC42 is 
involved in the compensatory behavior of 
brain neurons to combat synaptic loss during 
the pathogenesis of Alzheimer’s disease. In 
mouse cortexes and hippocampi, Rpph1 reg-
ulated miR-330-5p expression, and their in-
teraction was substantiated by the dual lucif-
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erase reporter assay (Cai et al., 2017). Con-
sistently, our study also demonstrated that 
miR-330-5p was one of the targets of RPPH1 
in human AML, and its expression was down-
regulated in human AML cells in comparison 
to the control bone marrow stromal cells. 
Since miR-330-5p-specific inhibitor could re-
verse the retarded growth of AML cells with 
knockdown of RPPH1, miR-330-5p is more 
likely to function as a tumor suppressor. In-
deed, in HL-60 cells, miR-330-5p has been 
revealed to negatively regulate the expression 
of T cell immunoglobulin and mucine domain 
(TIM)-3, a specific surface marker for leuke-
mic stem cells (Fooladinezhad et al., 2016). In 
addition, several studies have also identified 
the important role of miR-330-5p in other hu-
man cancers. For example, miR-330-5p neg-
atively regulates integrin α5 (ITGA5) expres-
sion in colorectal cancer and glioblastoma, 
and its expression suppresses disease progres-
sion (Feng et al., 2017; Yoo et al., 2016). 
Moreover, miR-330-5p modulates tyrosinase 
and PDIA3 expression, which can result in in-
hibition of cell proliferation and invasion in 
cutaneous malignant melanoma (Su et al., 
2016). In addition, miR-330-5p was identified 
as a putative modulator of neoadjuvant 
chemoradiotherapy sensitivity in esophageal 
adenocarcinoma and in non-small cell lung 
cancer (Bibby et al., 2015; Kong et al., 2017). 
Collectively, our results and other results sug-
gest that miR-330-5p is a tumor suppressor 
gene in both solid tumors and leukemic ma-
lignancies like AML. 

As a member of the Rho GTPase family, 
CDC42 modulates actin dynamics and spino-
genesis, and it is also a target of miR-330 in 
breast cancer and colorectal cancer (Bellot et 
al., 2014; Jeyapalan et al., 2011). Recently, 
CDC42 was unveiled to control AML cell po-
larity and division asymmetry, and represents 
a useful target to alter leukemia-initiating cell 
fate for differentiation therapy. Moreover, in-
ducible CDC42 suppression in primary hu-
man AML cells blocks leukemia progression 
in a xenograft model (Mizukawa et al., 2017). 
This suggests that a novel axis of 
RPPH1/miR-330-5p/CDC42 might also exist 

in human AML, and further experimental val-
idation is required to substantiate it. It is 
worth noting that miR-330-5p inhibition can 
not fully reverse the anti-tumor effects of 
RPPH1 knockdown in AML cells. This might 
be due to the inadequate inhibition of miR-
330-5p by transient transfection of the inhibi-
tor, or that other downstream targets of 
RPPH1 rather than miR-330-5p also contrib-
ute to the roles of RPPH1 in AML progres-
sion. Therefore, further investigations on 
screening potential targets of RPPH1 are 
needed to fully elucidate the functions of 
RPPH1 in AML pathogenesis.   

The current investigation has several 
strengths and limitations. Its major strength is 
its novelty; to the best of our knowledge, this 
is the first report on unveiling the critical role 
of the lncRNA RPPH1 in AML pathogenesis. 
The current work also provides a feasible 
framework for validating AML progression 
related candidate lncRNA genes to better fa-
cilitate the diagnosis and implementation of 
more effective therapy of AML patients. One 
limitation of the current study is its sample 
size of XX patients and single data source 
when evaluating the impacts of RPPH1 ex-
pression on patient survival. In addition, more 
work on validating the therapeutic effects of 
in vivo knockdown of RPPH1 in animals is 
warranted to substantiate the potential of the 
RPPH1/miR-330-5p axis-targeted therapy in 
AML patients. 

 

CONCLUSION 

We found that the lncRNA RPPH1 was 
significantly up-regulated in PBMCs of AML 
patients and human AML cell lines, and its 
higher expression correlated with worse over-
all survival of AML patients. Knockdown of 
RPPH1 markedly decreased the proliferation, 
invasion and migration ability of AML cell 
lines THP-1 and HL-60 in vitro, which was at 
least dependent on the expression of miR-
330-5p, a direct target of RPPH1. Our in vivo 
xenograft mice experiments also demon-
strated that down-regulation of RPPH1 signif-
icantly reduced THP-1 tumor growth. Our 
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study improves the understanding of lncRNA 
functions in AML pathogenesis, and suggests 
that the RPPH1/miR-330-5p axis is a poten-
tial target for AML treatments. 
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