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A B S T R A C T   

TRUE gene silencing is one of the gene suppression technologies. This technology exploits the enzymatic 
property of the tRNA 3′ processing endoribonuclease tRNase ZL, which is that it can cleave a target RNA under 
the direction of a small guide RNA (sgRNA). We have been working on the development of therapeutic sgRNAs 
for hematological malignancies. In the course of an experiment to examine the ability of the heptamer-type 
sgRNA H15792 targeting the OCT4 mRNA to differentiate human amnion stem cells, we observed unexpect-
edly that the amnion cells exhibited a morphology resembling initialized cells. Here we investigated the effect of 
H15792 on human HL60 leukemia cells, and found that H15792 can upregulate the OCT4 expression and the 
expression of alkaline phosphatase in the cells.   

1. Introduction 

tRNase ZL-utilizing efficacious gene silencing (TRUE gene silencing) 
is one of the gene suppression technologies [1–8]. This technology ex-
ploits the enzymatic property of the tRNA 3′ processing endor-
ibonuclease tRNase ZL, which is that it can cleave a target RNA under the 
direction of a small guide RNA (sgRNA) by recognizing a pre-tRNA-like 
or micro-pre-tRNA-like complex formed between the RNA target and the 
sgRNA [9–15]. Human cells appear to be intrinsically using this property 
with 5′-half-tRNAs and miRNAs as sgRNAs to modulate gene expression 
both intra- and inter-cellularly [16–19]. Four types of sgRNA, 5′-half--
tRNA, 14-nt linear RNA, hook RNA, and heptamer RNA are known to 
function as sgRNA. 

We have been working on the development of therapeutic sgRNAs 
for hematological malignancies by focusing on the heptamer-type 
sgRNA considering cost efficiency. We have shown that heptamer-type 
sgRNAs designed to target the human BCL2 or WT1 mRNA efficiently 
induce apoptosis in human leukemia cells and that heptamer-type 
sgRNAs designed to target the human BCL2 or CCND1 mRNA effi-
ciently trigger apoptosis in human myeloma cells [20–22]. Twenty 

sgRNAs with efficient capability to induce apoptosis in leukemia and/or 
myeloma cells have also been found from heptamer-type sgRNA library 
screening [23–25]. Furthermore, we have found that a heptamer-type 
sgRNA can shift macrophages toward the M1 state and efficiently sup-
press human myeloma cell growth in immunocompromised mice [26]. 

Allogeneic hematopoietic stem cell transplantation is one of the 
therapies to treat hematological malignancies, but a high incidence of 
graft-versus-host disease (GVHD) remains a major obstacle [27]. 
Although patients with steroid-resistant GVHD, in particular, show a 
poor prognosis, its treatment with mesenchymal stem cells (MSCs) is 
expected to remedy this situation [28]. MSCs can not only be obtained 
from various tissues such as bone marrow and umbilical cord, but also be 
derived from induced pluripotent stem cells (iPSCs) [29]. The 
iPSC-derived MSCs may become a stable and homogeneous off-the-shelf 
source for the GVHD cell therapy. Although iPSCs were originally 
generated by expressing four genes, OCT4, SOX2, KIF4, and MYC in fi-
broblasts, it has also been demonstrated that activation of the endoge-
nous OCT4 gene can solely induce pluripotency and that expression of 
the exogenous miR-302/367 cluster can reprogram somatic cells to 
pluripotency [30–32]. 
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In the course of an experiment to examine the ability of the 
heptamer-type sgRNA H15792 targeting the OCT4 mRNA to differen-
tiate human amnion stem cells, we observed unexpectedly that the 
amnion cells exhibited a morphology resembling initialized cells. In this 
paper, we investigated the effect of H15792 on human HL60 leukemia 
cells, and found that H15792 can upregulate the OCT4 expression and 
the expression of alkaline phosphatase in the cells. 

2. Materials and methods 

2.1. Synthetic RNA 

Fully 2′-O-methylated, 5′- and 3′-phosphorylated sgRNAs, H15792 
(5′-pCCUGGCCp-3′), H16048 (5′-pCCGGGCCp-3′), and H14038 (5′- 
pCUGCUUUp-3′), were synthesized with a DNA/RNA synthesizer and 
purified by high-performance liquid chromatography by Nippon Bio-
service (Asaka, Saitama, Japan). Although we usually use naked 
heptamer-type sgRNAs at a final concentration of 1 μM [20–22,24–26], 
they can also work at a lower final concentration of 0.2 μM [8]. 

2.2. Preparation of primary cultured amnion cells 

Fetal membranes were prepared aseptically from placenta during 
normal parturition by Cesarean section as described previously [33,34]. 
Briefly, after carefully removing of decidua with forceps, the amnio-
chorion tissues were washed with ice-cold PBS+ (phosphate buffered 
saline containing 150 units/ml penicillin G sodium, 150 μg/ml strep-
tomycin sulfate, 0.375 μg/ml amphotericin B, 150 μg/ml kanamycin and 
20 μg/ml gentamicin sulfate (GibcoBRL, MD, USA)) several times to 
remove blood and clots. 

The amnion tissues were separated from the fresh amniochorion 
tissues and used to prepare amnion cells according to the methods 
described previously [33,34]. Briefly, amnion tissue was washed again 
with PBS+ and cut into pieces (~1 cm2). The pieces up to 5 g were 
incubated in 50 ml of calcium- and magnesium-free Hank’s balanced salt 
solution (Invitrogen, CA, USA) containing 0.25% trypsin (GibcoBRL) 
and 0.04% collagenase type I (Invitrogen) for 45 min at 37 ◦C. This 
digest was strained and the eluate was collected. These procedures were 
repeated one more time. The eluates were pelleted by centrifugation at 
700×g for 5 min at 4 ◦C to obtain amnion cells. Written informed con-
sent was obtained from the patients at the time of surgery, and this study 
was approved by the Institutional Review Board committee of Tokyo 
University of Pharmacy and Life Science. Since fetal membranes are 
regarded as medical waste, their use is generally accepted. 

2.3. Microscopy 

The amnion cells were re-suspended in culture medium composed of 
80% 1:1 mixture of Dulbecco’s modified Eagle medium and Ham’s F-12 
medium (GibcoBRL) supplemented with 0.244% NaHCO3, 20% heat- 
inactivated fetal bovine serum (Bio-Whittaker Inc. MD, USA) and anti-
biotics (150 units/ml penicillin G sodium, 150 μg/ml streptomycin 
sulfate, 0.375 μg/ml amphotericin B, 150 μg/ml kanamycin and 20 μg/ 
ml gentamicin sulfate), and cultured in a humidified atmosphere with 
5% CO2 at 37 ◦C. 

The amnion cells were seeded at 5 × 105 cells/500 μl/well into 24- 
well plates coated with type I collagen (Iwaki, Tokyo, Japan), and 
then cultured without serum in the absence or presence of 1 μM of naked 
heptamer-type sgRNA H15792 or H16048 for 4 days. Morphological 
change of the cells was examined with a phase-contrast microscope, 
Axiovert 200 M (Carl Zeiss, Jena, Germany). 

2.4. Real time-PCR 

The human leukemia cell line HL60 was cultured in RPMI-1640 
media (Wako, Osaka, Japan) supplemented with 10% fetal bovine 

serum (MP Biomedicals Japan, Tokyo, Japan) and 1% penicillin- 
streptomycin (Invitrogen Japan, Tokyo, Japan) at 37 ◦C in 5% CO2 
humidified incubator. The cells were seeded at 104 cells/500 μl/well on 
a 24-well plate, and cultured in the absence or presence of 1 μM of naked 
heptamer-type sgRNA H15792 or H16048 for 1–5 days. 

Total RNA was extracted from the HL60 cells with RNAiso Plus 
(Takara Bio, Shiga, Japan). The levels of OCT4 and GAPDH mRNAs were 
measured by real-time PCR using a ReverTra Ace qPCR RT Master Mix 
(Toyobo, Osaka, Japan) and a SYBR Premix Ex TaqII (Takara Bio) with a 
Thermal Cycler Dice Real Time System (Takara Bio) under the standard 
conditions. The OCT4 mRNA level was normalized against the ACTB or 
GAPDH mRNA level. The primer pair for the OCT4 mRNA was 5′- 
CGTGAAGCTGGAGAAGGAGAAGCT-3′ and 5′- CAAGGGCCGCAGCT-
TACACATGTTC-3′, and that for the GAPDH mRNA was 5′- 
CCCACTCCTCCACCTTTGAC-3′ and 5′-ACCCTGTTGCTGTAGCCAAA-3′. 
The primer pair for the ACTB mRNA was 5′-CTGGAACGGTGAAGGT-
GACA-3′ and 5′-AAGGGACTTCCTGTAACAACGCA-3′, or 5′- 
ACAATGTGGCCGAGGACTTT-3′ and 5′-TGTGTGGACTTGGGAGAGGA- 
3′. 

2.5. Alkaline phosphatase staining 

HL60 cells were seeded at 104 cells/500 μl/well on a 24-well plate, 
and cultured as above in the absence or presence of 0.5 μM of naked 
heptamer-type sgRNA H15792 or H14038 for 4 or 5 days. Then, the cells 
were stained with Alkaline Phosphatase Live Stain (Thermo Fisher Sci-
entific K.K.), and the data of fluorescence from the existence of alkaline 
phosphatase in the cell was obtained with the confocal laser scanning 
microscope FV1000-D (Olympus Corporation, Tokyo, Japan). The mean 
fluorescence intensity per cell was analyzed with an image processing 
program, ImageJ v1.53e (the National Institutes of Health). 

3. Results 

3.1. The sgRNA targeting the OCT4 mRNA can make amnion cells take a 
morphology resembling initialized cells 

In order to examine if sgRNA has an ability to differentiate human 
amnion stem cells by downregulating the OCT4 expression, we designed 
and synthesized a heptamer-type sgRNA, H15792, targeting the human 

Fig. 1. The heptamer-type sgRNA H15792 targeting the human OCT4 mRNA. 
Possible secondary structures of the complexes between H15792 and the OCT4 
mRNA formed at two different sites. An arrow denotes the expected cleavage 
site by tRNase ZL. The nucleotide numbering system starts with one for the A of 
the initiation codon. 
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OCT4 mRNA at its two sites (Fig. 1). Amnion cells were cultured without 
serum in the presence of the naked sgRNA H15792. And, by the 4th day, 
we observed unexpectedly that the cells formed 3 colonies, all of which 
exhibited a morphology resembling initialized cells (Fig. 2) [30]. A 
control heptamer-type sgRNA, H16048, did not show this ability. 
Although we examined amnion cells from 6 persons, this transformation 
was not observed in the other 5 cases. 

3.2. The sgRNA H15792 can upregulate the OCT4 expression in HL60 
cells 

Although the OCT4 mRNA level in the amnion cells should have been 
measured to elucidate the mechanism of their transformation, we 
instead quantitated it in the human HL60 leukemia cells since the pri-
mary cultured amnion cells were very limited resources. The OCT4 
mRNA levels in HL60 cells were measured 1–5 days after the addition of 
the naked heptamer-type sgRNA H15792. Its levels continued to 
decrease to up to 68% until day 3, but intriguingly were boosted by 6- 
fold by day 5 (Fig. 3A). 

Two more series of the experiments (one with three sets and the 
other with five sets) were performed under the same conditions by 
focusing on the change in the OCT4 mRNA levels at 4–5 days after the 
sgRNA addition. The OCT4 expression was upregulated by > 2-fold at six 
data points, and boosted by > 20-fold at day 5 in one set (Fig. 3B). The 
OCT4 mRNA levels were not upregulated significantly by adding the 
control sgRNA H16048 at any data points (Fig. 3C and D). 

3.3. The sgRNA H15792 can upregulate the expression of alkaline 
phosphatase in HL60 cells 

Next, we examined HL60 cells for the expression of alkaline phos-
phatase, which is known to be a marker of pluripotent stem cells [30], in 
the presence of the sgRNA H15792. Obvious upregulation of alkaline 
phosphatase was observed in HL60 cells treated with H15792 for 4 days 
(Fig. 4A). While fluorescence from most of the untreated HL60 cells was 
in its intensity range 3–4, its distribution in the H15792-treated cells had 
a peak at the intensity range 4–5 and about a half of the cells emitted 
stronger fluorescence. Of note, the intensity of fluorescence from five 
cells was higher than 22. However, we were not able to detect any 
colonies that take a morphology resembling initialized cells. 

The upregulation of alkaline phosphatase was not observed in the 
cells treated with a control sgRNA, H14038, for 5 days (Fig. 4B). The 
fluorescence from the majority (92%) of the cells was in its intensity 
range 3–4, and its distribution was similar to that in the untreated cells. 
On the other hand, the fluorescence from 18% of the H15792-treated 
cells were in its intensity ranges >4, and its intensity from three cells 
was higher than 24. 

4. Discussion 

The morphological change of the amnion cells by H15792 occurred 
in one of the six independent experiments, suggesting that certain ge-
netic and/or environmental factors of the cells may affect their tran-
scriptomic change that leads to a successful morphological 

Fig. 2. Microscopic images of human amnion cells. The cells were cultured in the absence or presence of heptamer-type sgRNA H15792 or H16048 for 4 days, and 
analyzed with a phase-contrast microscope. 

Fig. 3. Effects of the heptamer-type sgRNAs H15792 (A, B) and H16048 (C, D) on the OCT4 mRNA level in HL60 cells. The OCT4 mRNA levels in the cells treated 
with sgRNA for 1–5 days were quantitated by real-time PCR, and their values relative to those in the untreated cells are shown. The OCT4 mRNA levels were 
normalized against the ACTB or GAPDH mRNA levels. (B, D) The number of dots represents that of independent experiments, and bars denote median values. 
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transformation. Even in the case that the transformation occurred, only 
three colonies were formed, suggesting that only three cells among 5 ×
105 amnion cells were initialized by the sgRNA. The frequency of the 
colony formation was ~30-fold less than that in the experiments with 
Yamanaka factors, in which ~10 embryonic stem cell-like colonies were 
formed from 5 × 104 human fibroblasts [30]. 

The measurement of the OCT4 mRNA levels in HL60 cells showed 
that its upregulation (>2-fold) in the presence of H15792 occurred two 
and four times at day 4 and day 5, respectively, in nine sets of the in-
dependent experiments (Fig. 3A and B). Although we did not quantitate 
each OCT4 mRNA level in a single cell, its distribution pattern should be 
similar to that of the alkaline phosphatase expression (Fig. 4) since the 
OCT4 upregulation triggers the expression of alkaline phosphatase [35]. 
From the observations in HL60 cells, we also inferred that the 
morphological change of the amnion cells was induced through upre-
gulation of the OCT4 expression by the heptamer-type sgRNA H15792. 

At present, we do not know how H15792 targeting the OCT4 mRNA 
can boost the OCT4 expression after downregulating it for 3 days. The 
slight decrease in the OCT4 mRNA level might somehow induce chro-
matin remodeling in the OCT4 promoter/enhancer region [31]. Alter-
natively, H15792 might happen to suppress genes that suppress OCT4 

like miR-302/367 [32]. 
Our current observation suggests that the heptamer-type sgRNA 

H15792 alone might be able to generate iPSCs from fibroblasts. And 
these iPSCs would be able to be used to generate various clinically useful 
cells including MSCs for the GVHD treatment. Furthermore, if upregu-
lation of gene expression by heptamer-type sgRNA can occur in a wide 
spectrum of genes, we might be able to use the heptamer-type sgRNA to 
treat diseases linked to low expression of some specific genes. 

Funding 

This work was supported by Adaptable and Seamless Technology 
Transfer Program through Target-driven R&D, Japan Science and 
Technology Agency. 

CRediT authorship contribution statement 

Tadasuke Nozaki: Conceptualization, Investigation, Writing - re-
view & editing. Masayuki Takahashi: Investigation, Methodology, 
Writing - review & editing. Tatsuya Ishikawa: Investigation, Formal 
analysis, Writing - review & editing. Arisa Haino: Investigation, Writing 

Fig. 4. Effects of the heptamer-type sgRNAs H15792 on the expression of alkaline phosphatase in HL60 cells. The cells were cultured in the absence or presence of 
heptamer-type sgRNA H15792 for 4 days (A), or in the absence or presence of heptamer-type sgRNA H15792 or H14038 for 5 days (B). The data of fluorescence from 
the existence of alkaline phosphatase in the cell was obtained with a confocal laser scanning microscope and analyzed with ImageJ. The number of cells that emitted 
the fluorescence of the same intensity range was presented as a histogram. The total cell numbers counted in “mock” and “H15792” (A) were 1611 and 1258, 
respectively, and those in “mock”, “H15792”, and “H14038” (B) were 2991, 2291, and 2714, respectively. A number above an intensity range denotes a cell count. 
DIC, differential interference contrast microscopic image; fluorescein, fluorescence image. 

T. Nozaki et al.                                                                                                                                                                                                                                  



Biochemistry and Biophysics Reports 26 (2021) 100918

5

- review & editing. Mineaki Seki: Investigation, Writing - review & 
editing. Hidetomo Kikuchi: Resources, Supervision, Writing - review & 
editing. Bo Yuan: Resources, Supervision, Writing - review & editing. 
Masayuki Nashimoto: Conceptualization, Methodology, Resources, 
Supervision, Project administration, Funding acquisition, Writing - 
original draft, Writing - review & editing. 

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests. 
The author MN is an advisor of Veritas In Silico Inc., and owns stock of 
the company. 

Acknowledgements 

We thank late Dr. Hiroo Toyoda for supervising this study and Dr. 
Toshio Bessho for providing fetal membranes. 

References 

[1] L. Scherer, J.J. Rossi, Therapeutic potential of RNA-mediated control of gene 
expression: options and designs, in: K.V. Morris (Ed.), RNA and the Regulation of 
Gene Expression: A Hidden Layer of Complexity, Caister Academic Press Inc, 
Norfolk, 2008, pp. 201–226. 

[2] M. Tamura, C. Nashimoto, N. Miyake, Y. Daikuhara, K. Ochi, M. Nashimoto, 
Intracellular mRNA cleavage by 3′ tRNase under the direction of 2′-O-methyl RNA 
heptamers, Nucleic Acids Res. 31 (2003) 4354–4360. https://doi:10.1093/n 
ar/gkg641. 

[3] Y. Habu, N. Miyano-Kurosaki, M. Kitano, Y. Endo, M. Yukita, S. Ohira, H. Takaku, 
M. Nashimoto, H. Takaku, Inhibition of HIV-1 gene expression by retroviral vector- 
mediated small-guide RNAs that direct specific RNA cleavage by tRNase ZL, 
Nucleic Acids Res. 33 (2005) 235–243. https://doi:10.1093/nar/gki164. 

[4] A. Nakashima, H. Takaku, H.S. Shibata, Y. Negishi, M. Takagi, M. Tamura, 
M. Nashimoto, Gene-silencing by the tRNA maturase tRNase ZL under the direction 
of small guide RNA, Gene Ther. 14 (2007) 78–85. https://doi:10.1038/sj.gt.330 
2841. 

[5] R.A. Elbarbary, H. Takaku, M. Tamura, M. Nashimoto, Inhibition of vascular 
endothelial growth factor expression by TRUE gene silencing, Biochem. Biophys. 
Res. Commun. 379 (2009) 924–927. https://doi:10.1016/j.bbrc.2008.12.173. 

[6] T. Sano, M. Takahashi, T. Nozaki, Y. Takahashi, M. Tamura, M. Nashimoto, 
Expanding the utility of heptamer-type sgRNA for TRUE gene silencing, Biochem. 
Biophys. Res. Commun. 416 (2011) 427–432. https://doi:10.1016/j.bbrc.20 
11.11.091. 

[7] M. Takahashi, R.A. Elbarbary, M. Abe, M. Sato, T. Yoshida, Y. Yamada, M. Tamura, 
M. Nashimoto, Elimination of specific miRNAs by naked 14-nt sgRNAs, PloS One 7 
(2012), e38496. https://doi:10.1371/journal.pone.0038496. 

[8] S. Iizuka, N. Oridate, M. Nashimoto, S. Fukuda, M. Tamura, Growth inhibition of 
head and neck squamous cell carcinoma cells by sgRNA targeting the cyclin D1 
mRNA based on TRUE gene silencing, PloS One 9 (2014) e114121. https://doi 
:10.1371/journal.pone.0114121. 

[9] M. Nashimoto, Conversion of mammalian tRNA 3′ processing endoribonuclease to 
four-base-recognizing RNA cutters, Nucleic Acids Res. 23 (1995) 3642–3647. https 
://doi:10.1093/nar/23.18.3642. 

[10] M. Nashimoto, Specific cleavage of target RNAs from HIV-1 with 5′ half tRNA by 
mammalian tRNA 3′ processing endoribonuclease, RNA 2 (1996) 523–534. 

[11] M. Nashimoto, S. Geary, M. Tamura, R. Kasper, RNA heptamers that directs RNA 
cleavage by mammalian tRNA 3′ processing endoribonuclease, Nucleic Acids Res. 
26 (1998) 2565–2571. https://doi:10.1093/nar/26.11.2565. 

[12] M. Nashimoto, Anomalous RNA substrates for mammalian tRNA 3′ processing 
endoribonuclease, FEBS Lett. 472 (2000) 179–186. 
https://doi:10.1016/s0014-5793(00)01462-9. 

[13] H. Takaku, A. Minagawa, M. Takagi, M. Nashimoto, A candidate prostate cancer 
susceptibility gene encodes tRNA 3′ processing endoriobonuclease, Nucleic Acids 
Res. 31 (2003) 2272–2278. https://doi:10.1093/nar/gkg337. 

[14] H. Takaku, A. Minagawa, M. Takagi, M. Nashimoto, A novel 4-base-recognizing 
RNA cutter that can remove the single 3’ terminal nucleotides from RNA 
molecules, Nucleic Acids Res. 32 (2004) e91. https://doi:10.1093/nar/gnh092. 

[15] H.S. Shibata, H. Takaku, M. Takagi, M. Nashimoto, The T loop structure is 
dispensable for substrate recognition by tRNase ZL, J. Biol. Chem. 280 (2005) 
22326–22334. https://doi:10.1074/jbc.M502048200. 

[16] R.A. Elbarbary, H. Takaku, N. Uchiumi, H. Tamiya, M. Abe, M. Takahashi, 
H. Nishida, M. Nashimoto, Modulation of gene expression by human cytosolic 
tRNase Z(L) through 5’-half-tRNA, PloS One 4 (2009), e5908. https://doi 
:10.1371/journal.pone.0005908. 

[17] R.A. Elbarbary, H. Takaku, N. Uchiumi, H. Tamiya, M. Abe, H. Nishida, 
M. Nashimoto, Human cytosolic tRNase ZL can downregulate gene expression 
through miRNA, FEBS Lett. 583 (2009) 3241–3246. https://doi:10.1016/j.febslet. 
2009.09.015. 

[18] S. Ninomiya, M. Kawano, T. Abe, T. Ishikawa, M. Takahashi, M. Tamura, 
Y. Takahashi, M. Nashimoto, Potential small guide RNAs for tRNase ZL from 
human plasma, peripheral blood mononuclear cells, and cultured cell lines, PloS 
One 10 (2015), e0118631. https://doi:10.1371/journal.pone.0118631. 

[19] S. Ninomiya, T. Ishikawa, M. Takahashi, M. Seki, M. Nashimoto, Potential 
physiological roles of the 31/32-nucleotide Y4-RNA fragment in human plasma, 
Noncoding RNA Res 4 (2019) 135–140. https://doi:10.1016/j.ncrna.2019.11.003. 

[20] M. Takahashi, R.A. Elbarbary, A. Nakashima, M. Abe, N. Watanabe, M. Narita, 
M. Takahashi, M. Tamura, T. Yoshida, M. Nashimoto, A naked RNA heptamer 
targeting the human Bcl-2 mRNA induces apoptosis of HL60 leukemia cells, Canc. 
Lett. 328 (2013) 362–368. https://doi:10.1016/j.canlet.2012.10.016. 

[21] N. Watanabe, M. Narita, A. Yamahira, T. Taniguchi, T. Furukawa, T. Yoshida, 
T. Miyazawa, M. Nashimoto, M. Takahashi, Induction of apoptosis of leukemic cells 
by TRUE gene silencing using small guide RNAs targeting the WT1 mRNA, Leuk. 
Res. 37 (2013) 580–585. https://doi:10.1016/j.leukres.2013.01.015. 

[22] T. Ishikawa, A. Haino, T. Ichiyanagi, M. Seki, M. Nashimoto, Evaluation of double 
heptamer-type sgRNA as a potential therapeutic agent against multiple myeloma, 
Blood Cell Mol. Dis. 79 (2019) 102341, https://doi.org/10.1016/j. 
bcmd.2019.102341. 

[23] V. Shivarov, TRUE gene silencing for hematologic malignancies, Leuk. Res. 38 
(2014) 729. https://doi:10.1016/j.leukres.2014.04.014. 

[24] M. Takahashi, R.A. Elbarbary, N. Watanabe, A. Goto, D. Kamiya, Y. Watabe, 
T. Uchiyama, M. Narita, M. Takahashi, Y. Takahashi, N. Ishihara, T. Miyazawa, 
T. Yoshida, M. Kawano, M. Tamura, M. Nashimoto, Screening of a heptamer-type 
sgRNA library for potential therapeutic agents against hematological malignancies, 
Leuk. Res. 38 (2014) 808–815. https://doi:10.1016/j.leukres.2014.03.021. 

[25] A. Haino, T. Ishikawa, M. Seki, M. Nashimoto, TRUE gene silencing: screening of a 
heptamer-type small guide RNA library for potential cancer therapeutic agents, 
JoVE 112 (2016), e53879. https://doi:10.3791/53879. 

[26] T. Ishikawa, A. Haino, T. Ichiyanagi, M. Takahashi, M. Seki, M. Nashimoto, 
Heptamer-type small guide RNA that can shift macrophages toward the M1 state, 
Blood Cells Mol. Dis. 86 (2021) 102503. https://doi:10.1016/j.bcmd.2020.10250 
3. 

[27] S. Elgaz, Z. Kuçi, S. Kuçi, H. Bönig, P. Bader, Clinical use of mesenchymal stromal 
cells in the treatment of acute graft-versus-host disease, Transfus. Med. 
Hemotherapy 46 (2019) 27–34. https://doi:10.1159/000496809. 

[28] K. Le Blanc, I. Rasmusson, B. Sundberg, C. Götherström, M. Hassan, M. Uzunel, 
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