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Endogenous miR22 is associated with a diverse range of biological processes through post-
translational modification of gene expression and its deregulation results in various diseases including
cancer. Its expression is usually tissue or cell-specific, however, the reasons behind this tissue or

cell specificity are not clearly outlined till-date. Therefore, our keen interest was to investigate the
mechanisms of tissue or cell-specific expression of miR22. In the current study, miR22 expression
showed a tissues-specific difference in the poly(l:C) induced inflammatory mouse lung and brain
tissues. The cell-specific different expression of miR22 was also observed in inflammatory glial cells
and endothelial cells. The pattern of RPL29 expression was also similar to miR22 in these tissues and
cells under the same treatment. Interestingly, the knockdown of RPL29 exerted an inhibitory effect
on miR22 and its known transcription factors including Fos-B and c-Fos. Fos-B and c-Fos were also
differentially expressed in the two cell lines transfected with poly(l:C). The knockdown of c-Fos also
exerted its negative effects on miR22 expression in both cells. These findings suggest that RPL29
might have regulatory roles on tissue or cell-specific expression of miR22 through the transcription
activities of c-Fos and also possibly through Fos-B.

MicroRNAs (miRNAs) are non-coding RNAs, usually contains about 22-25 nucleotides and found abundantly
in cells and extracellular environment of an organism in animal and plants kingdom. These are evolutionary
conserved and control gene action or expression either by stimulating transcription or degradation and trans-
lational repression of various target specific mRNA by binding to the 3’untranslated region?. MiRNA-22-3p
(miR22) is a 22-nucleotide microRNA and primarily discovered in HeLa cells. It is an exonic miRNA, located on
the 2nd exon of gene MGC14376°. Numerous studies indicate that miR22 is a vital player in various pathophysi-
ological functions including metabolism, hematopoiesis, cell division, growth, adhesion, senescence, apoptosis,
angiogenesis, fibrogenesis, tissue homeostasis, tissue remodeling and inflammation*~°. Recent numerous stud-
ies have established the fact that the miR22 plays active roles in the immune cascades of an organism and its
dysregulation is associated with different inflammatory diseases, including atopic dermatitis, asthma, psoriasis,
rheumatoid arthritis, inflammatory bowel disease, atherosclerosis, multiple sclerosis, emphysema and myocardial
or cerebral ischemia-reperfusion injury'®'>. MiR22 plays critical roles in different cancers involving different
pathophysiological processes via activation or deactivation of various target genes or mRNAs associated with
many signaling cascades”'®!7. It acts as either oncogene or suppressor, serves as a marker for diagnosis and
surveillance, or as a sensitizer in the treatment of various cancer'®. MiR22 is also intimately involved in different
cardiovascular diseases and is associated with diabetes and neural diseases like Parkinson’s®!1°-22,

MiR22 is usually available in various tissue, but the expression is relatively higher in heart, smooth muscle,
adipose tissue, and bladder?. It is reported that miR22 is upregulated in the serum of both hepatitis B&C virus-
infected patient but downregulated in hepatitis B virus-related hepatocellular carcinoma cell lines and clinical
tissues?*?°. Scientists also reported that expression of miR22 could be modified by the various stimulating agents
such as Phorbol-12-myristate-13-acetate, polyinosinic-polycytidylic acid (poly(I:C)), endosulfan, IL-1a, extracel-
lular ATP/UTP and upon several viral infections™'***-%, The poly(I:C) is a synthetic analog of viral dsRNA analog
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Figure 1. The expression of miR22 in different cells and mouse tissues in response to poly(I:C). Human
glioblastoma astrocytoma cells (U251) and human umbilical vein cells (EA.hy926) were transfected with
poly(I:C) at the different concentrations for 6 h. The miR22 level in U251 cells (a) and EA.hy926 cells (b) was
determined with qRT-PCR using U6 as an internal control. Mice were treated with 100 ug of poly(I:C) for

24 h and miR22 level of the brain (c) and the lung (d) tissues were quantified by qPCR. All qPCR data are
representative of three independent experiments with three replicates. (**P<0.01; ***P<0.001).

and have been used as viral mimic or an immune stimulant in various in vitro or in vivo studies. Interestingly,
the miR22 is upregulated in glial cells but downregulated in endothelial cells in response to poly(I:C) and plays
differential role in inflammation targeting MAVS (mitochondrial antiviral signaling) and VE-cadherin in these
two cell lines respectively™?. Many other studies also confirmed the tissue or cell specific expression of miR22%.

Ribosome protein L29 (RPL29) is a structural component of ribosomal 60 s subunit of the cell and plays
critical roles in diverse biological processes such as cell cycle control, cell proliferation, cell differentiation and
angiogenesis?>*’. Our previous RNA-seq study showed the different expression of RPL29 in inflammatory mouse
brain and lung tissues after poly(I:C) treatment’’. This led to our hypothesis that there might be regulatory inter-
relationship between RPL29 and miR22 or RPL29 might be responsible for the tissues specificity of miR22. In
the present study, we investigate the pattern of RPL29 and miR22 expression in endothelial and glial cells and
in the mouse lung and brain tissues in response to poly(I:C) treatment to outline the inter-relationship of these
two molecules and the mechanisms of different and tissue specific expression of miR22. The findings of our study
might provide insight clue for the miR22 regulation.

Results

The expression of miR22 is different depending on the cell or tissue. To observe the pattern of
miR22 expression in different cells, we treated human glial cells (U251) and human endothelial cells (EA.hy926)
with poly(I:C) at different concentration. The expression of miR22 was detected through qPCR. The miR22
was upregulated in U251 and downregulated in EA.hy926 cells in a dose depended manner (Fig. 1a,b). Next,
to investigate its expression in different tissues, we quantified the miR22 in the lung and brain tissues of mouse
after poly(I:C) treatment through intra-peritoneal injection. The miR22 was upregulated in the brain but down-
regulated in the lung tissues (Fig. 1c,d). These results indicated that the expression of miR22 is cell and tissue-
specifically regulated.

MiR22 and RPL29 are positively correlated in two different tissues and cell lines.  Our previous
study confirmed the upregulation of RPL29 in the inflammatory brain and its downregulation in the inflamma-
tory lung tissues of poly(I:C) treated mice through RNA-seq®'. We further investigate the expression of RPL29 at
mRNA and protein levels in these two tissues with similar treatment through qPCR and Western blotting. The
RPL29 mRNA and protein were downregulated in the lung (Fig. 2a,b, Supplementary Figure Sla) but upregu-
lated in the brain (Fig. 2¢,d, Supplementary Figure S1b) tissues. The expression of this gene was also investigated
in poly(I:C) treated EA.hy926 and U251 cell lines. We treated these cell lines with poly(I:C) at the concentration
of 100 ng/ml for 6 h. The miR22 expression was different in U251 and EA.hy926 cells under this treatment. The
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Figure 2. RPL29 expression in the brain and lung tissues of mouse and in two different cell lines in response
to poly(I:C). RPL29 mRNA was quantified in the lung (a) and brain (c) tissues of mice treated with poly(I:C)
for 24 h through qPCR. RPL29 protein was quantified in the lung (b) and brain (d) tissues of mice with similar
treatment through western blot. Full-length blots/gels are presented in Supplementary Figure S2-S5. RPL29
mRNA was also detected in poly(I:C) treated U251 (e) and EA . hy926 (f) cells through qPCR. All data were
curated from three independent experiment with three replication and represented as mean + SD (***P <0.001).

expression of RPL29 was detected through qRT-PCR. As expected, the RPL29 mRNA was upregulated in U251
cells (Fig. 2e) and downregulated in EA.hy926 cells (Fig. 2f). These results highlighted the positive correlation
between RPL29 and miR22 expression during inflammation.

RPL29 plays regulatory roles on the expression of miR22. The positive correlation between the
RPL29 and miR22 expression in the poly(I:C) treated mouse brain and lung tissues, and also in two different cell
lines, indicating that there might have a regulatory interaction among them. Firstly, we hypothesized that miR22
might be a regulator of RPL29 expression. We searched for transcription factors of RPL29 and target genes of
miR22 in different online databases. However, RPL29 is not the target gene of miR22 and miR22 is not transcrip-
tion factors of RPL29. Therefore, we thought that RPL29 might be an upstream gene and one of the regulator of
miR22. To confirm this idea, we knocked-down RPL29 with siRNA in both U251 and EA.hy926 cells for 24 h
followed by poly(I:C) treatment for further 6 h and quantified miR22 through qRT-PCR. We found that RPL29
knockdown decreased the poly(I:C) stimulated miR22 in U251 cells (Fig. 3a) and showed an additive effect of
poly(I:C) induced downregulation of miR22 in EA.hy926 cells (Fig. 3b). These results indicated that the RPL29
might have a role in regulation of miR22 expression.

RPL29 regulates miR22 expression via regulating Fos-B and c-Fos expression. MiR22 can regu-
late the expression of numerous genes post-transcriptionally. Besides, many transcription factors are responsible
for the regulation of miR22 expression. Some studies confirmed the genes FosB, c-Fos, PU.1, P53, NF«B, and
AKT as the transcription regulators of miR22 in different cells!®!>?732-3% However, RPL29 is not a transcription
factor of miR22. Therefore, to find out the mechanism of miR22 regulation by RPL29, we selected transcrip-
tion factors FosB, c-Fos, and PU.1, for experimentally validation, and detected their expression in the siRNA
mediated RPL29 inhibited cells. The Fos-B and c-Fos were significantly downregulated; however, PU.1 did not
respond significantly (Fig. 4a—f). We also investigated the effects of poly(I:C) on the expression of these two
significant transcription factors in U251 and EA.hy926 cell lines. It was found that both Fos-B and c-Fos were
upregulated in U251 (Fig. 5a,b) but downregulated in EA.hy926 cells (Fig. 5¢,d). Furthermore, to confirm the
regulatory roles of these two transcription factors for miR22, we treated these two experimental cell lines with
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Figure 3. The expression of miR22 in RPL29 knocked-down cells. Human glioblastoma astrocytoma cells
(U251) and human umbilical vein cells (EA.hy926) were transfected with si-RPL29 for 24 h followed by
poly(I:C) treatment at the concentration of 100 ng/ml for 6 h. The expression miR22 in U251 cells (a) and

EA hy926 cells (b) was determined with qRT-PCR using U6 as an internal control. All data are representative of
at least three independent experiments with three replicates. (***P <0.001).

c-Fos siRNA and quantified the miR22 expression. The results showed that knockdown of c-Fos exerts its down
regulatory effect on poly(I:C) stimulated upregulation of miR22 in U251 cells (Fig. 5e). Whereas c-Fos knock-
down had an additive effect on poly(I:C) induced downregulation of miR22 in EA.hy926 cells (Fig. 5f). These
results indicated that RPL29 might regulate the expression of miR22 through the transcription activities of c-Fos,
and possibly through that of FosB.

Discussion

MiRNA is a new dimension of gene regulator and associated with various biological processes of an organism.
MiR22 is involved in different pathophysiological mechanisms including cell division, cell cycle, angiogenesis,
inflammation and immunity via controlling the expression of its target genes. The regulation of miR22 is a critical
issue to the scientists for its Janus-faced nature in inflammation and cancer. In the current study, the expression
of miR22 in the viral mimic-induced inflammatory mouse lung and brain tissues was different. MiR22 was
upregulated in the brain and downregulated in the lung. The expression pattern of miR22 was also different
in U251 and EA.hy926 cell lines upon poly(I:C) treatment. These studies confirmed that the expression of this
miRNA in response to viral mimic is cells and tissue-specific.

It is reported that miR22 is upregulated in the serum of both hepatitis B virus and hepatitis C virus-infected
patient, but downregulated in hepatitis B virus-related hepatocellular carcinoma cell lines and clinical tissues**?*.
It is showed that miR22 is upregulated in PRRSV infected porcine lung of Tongcheng breed but not in the lung of
Landrace breed under the same condition®*. Some scientists also reported that miR22 is differentially expressed
in the asthmatic and non-asthmatic pBEC cell upon influenza A (H1N1) virus infection®. Differential expres-
sion of miR22 can regulate the transmissible gastroenteritis virus-induced inflammation in intestinal porcine
epithelial cell-jejunum 2 cell line*”. The upregulation of miR22 regulates inflammatory responses in influenza
A virus-infected cells and promotes viral replication through targeting hosts HO-1 gene expression in PRRSV
infected mouse lung*>*3. The higher expression of miR22 in heart, smooth muscle, adipose tissue, and blad-
der is reported besides its ubiquitously expression in various tissues®. All the findings are agreed our results of
tissue specificity of miR22 expression. In addition, miR22 regulates inflammation or immune responses either
positively or negatively in different cells and tissues under various diseased conditions>!'**¢2%3%4% Therefore, we
sought to outline the mechanisms of cell or tissue specific expression of miR22.

RPL29 expression was also different and showed similar pattern like miR22 in the inflammatory brain and
the lung tissues of the mouse as well as in EA.hy926 and U251 cell lines after poly(I:C) treatment. These results
reflected a co-expression or a probable regulatory inter-relationship between miR22 and RPL29 in theses tis-
sues and cells. Some transcription factors can regulates the expression of miR22 and miR22 contributes to
post-translational regulation of many genes as its targets. RPL29 is neither the target gene nor the transcription
factor of miR22. However, knockdown of RPL29 suppresses poly(I:C) triggered miR22 in U251 cells and had an
additive effect on poly(I:C) mediated suppression of miR22 in EA.hy926 cells. Besides these, RPL29 knockdown
results in the down expression of Fos-B and c-Fos in these two cell lines. The Fos-B and c-Fos are two experi-
mentally validated transcription factors of miR22?7*% These findings suggested that the RPL29 might regulate
the expression of miR22 through the transcriptional activities of the AP-1 protein family members Fos-B and
c-Fos. Poly(I:C) treatment also results in Fos-B and c-Fos upregulation in U251 and downregulation in EA.hy926
cells. c-Fos knockdown results in downregulation of poly(I:C) modulated miR22 in both U251 and EA.hy926
cells. Collectively these results indicated that the poly(I:C) induced differential expression of miR22 in the
mouse lung and brain tissues and in the glial and endothelial cells might be regulated by RPL29. Recent numer-
ous studies confirmed that the expression of miR22 is regulated transcriptionally along with its host gene by
some transcription factors including NF-kB, p53, Fos-B, c-Fos, PU.1, AKT Jak3, STAT3, and STAT5!15:2732-3441,
There are some cellular and extracellular stimuli including polyinosinic-polycytidylic acid (poly(I:C)), phorbol-
12-myristate-13-acetate, endosulfan, IL1a, nicotinamide phosphoribosyltransferase, 12-o-tetradecanoylphorbol-
13-acetate, and xendin-4 those regulate the expression of miR-22>!>16202627 Tn addition, HIP/RPL29 expression
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Figure 4. Expression of transcription factors of miR22 in RPL29 knocked down cells. U251 and EA.hy926

cells were treated with RPL29 si-RNA for 24 h at the final concentration of 50 nM, and the mRNA expression of
Fos-B, c-Fos, and PU.1 in U251 (a—c) and EA.hy926 (d-f) cells were determined respectively through qRT-PCR.
GAPDH was used as an internal control, and all data were curated from three independent experiments having
three replicates. (*P <0.05; **P <0.01; ***P <0.001).
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Figure 5. The expression of Fos-B and c-Fos in different cells upon poly(I:C) treatment and the expression

of miR22 in c-Fos knocked down cells. Fos-B and c-Fos mRNA were measured in U251 (a-b) and EA hy926
(c—d) cells transfected with poly(L:C) for 6 h through qRT-PCR. Later on c-Fos was knocked down with si-RNA
(Final concentration 50 nM) in both types of cells and transfected with poly(I:C) (100 ng/ml) for another 6 h.
The expression of miR22 was quantified in U251 (e) and EA.hy926 (f) cells. All data were curated from three
independent experiment with three replications (*P <0.05; **P <0.01; ***P <0.001).
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is regulated by both sodium butyrate and glucose deprivation in HT-29 cells and results in induction of cellular
differentiation*?. These findings are supportive of our results. So far there are no reports on the existence of the
common factor, which can similarly regulate expression of both molecules RPL29 and miR22. On the other hand,
there is more evidence suggesting the connection between RLP29 and c-Fos. Heparin is a potent inhibitor of
c-Fos, therefore, RPL29 may bind to heparin and induce c-Fos expression®’. C-Fos is a predicted transcription
factor of FosB, however, there is no direct evidence yet. Further studies are needed to find out the mechanism
of c-Fos and FosB regulation by RPL29.

In addition, RPL29 can amplify the rate of protein synthesis by enhancing efficiency of the ribosomal transla-
tional machinery and plays a critical roles in diverse biological processes such as cell cycle control, cell prolifera-
tion, cell differentiation and angiogenesis®**°. Its deficiency impairs embryonic development and consequently
results in growth retardation of mouse****. It regulates differentiation and growth of chondrocytes and enhances
the amplification of proteins that are critical for controlling cell cycle during skeletal development and useful
markers for the development of normal bone mass and quality>*. It also induces cell proliferation in the colon
and pancreatic cancer*>®. The depletion of RPL29 results in suppression of cell proliferation, induced cell cycle
arrest at GO/G1 phase and enhanced cell apoptosis in pancreatic cancer cell*®. In addition, knockdown of this
gene stimulates cell differentiation accompanied by the upregulation of two potential cell differentiation markers
mucin-2 and galectin-4 in colon cancer cells*’. Endogenous RPL29 and miR22 can also regulate angiogenesis.
Some scientists reported that tumor angiogenesis is enhanced in mice lacking p3-integrins whereas RPL29 is sig-
nificantly upregulated in $3-null endothelial cells and regulates angiogenesis via controlling VEGF¥. Therefore,
RPL29 is a potential factor of angiogenesis and the depletion, or loss of this protein can reduce angiogenesis*”*.
Deficiency of this gene invariably associated with a flagellar morphological anomaly of mammalian sperm termed
as ‘dag’ and consequently results in infertility along with low sperm motility*. RPL29 also regulates depression
and anxiety-like behavior*®. However, there are no references about the regulatory role of RPL29 on miR22
expression. For the first time, we identified that the different expression of RPL29 might be a reason for tissue-
specific expression of miR22. It needs further studies to determine the pathways in details about the regulation of
miR22 by RPL29. We believe that our findings would be helpful to find out way of controlling miR22 depending
on the cells or tissues in different diseased conditions.

Materials and methods

Cell culture and treatment. Human glioblastoma astrocytoma cells (U251), and human umbilical vein
cells (EA.hy926 cell line, fusion of endothelial cell—primary human umbilical vein cells with the carcinoma-
tous lung epithelial cell A549 by exposure to polyethylene glycol) were cultured in DMEM (Cat. #SH3002201,
HyClone, Logan, UT, USA) medium and maintained in humidified air at 37 °C with 5% CO,. The medium was
supplemented with 10% fetal bovine serum (Cat. #1027-106, Gibco, Walthan, MA, USA), 100 mg/ml strepto-
mycin and 100 U/ml penicillin (Invitrogen, Carlsbad, CA, USA). Cells were plated in 12-well plates (1x 10°)
and transfected siRNAs using Lipofectamine-2000 (Invitrogen) at the 70-80% of confluence level. Twenty-four
hours later the cells were suggested to poly(I:C) treatment for the indicated period. EA.hy926 cells were obtained
from ATCC (Manassas, VA, USA) and U251 cells were the kind gift from Professor Shengbo Cao, College of
Veterinary Medicine, Huazhong Agricultural University.

Animal experiment. C57BL/6 mice (7 weeks old, male) were obtained from the Laboratory Animal Center
of Huazhong Agricultural University, Wuhan, China. Mice were reared about 1 week for adaptation and ran-
domly divide into control and treatment group (n=9). Poly(I:C) potassium salt (Sigma-Aldrich, St. Louis, MO,
USA) was diluted in normal saline (NS) at the concentration of 1 ug/ul. Mice were then treated with 100 ul NS
and 100 g of poly(I:C)/mouse respectively through intraperitoneal injection for 24 h. The mice were sacrificed
after treatment period to collect brain and lung tissues following institutional guideline. The collected tissues of
both the control and treated mice were subjected to RNA extraction.

RNA extraction and quantitative real-time PCR. Total RNA was extracted from mouse lung and
brain tissues and from cells using the reagent RNA-iso Plus (Takara Bio Inc. Kusatsu, Shiga, Japan) as per the
manufacturer’s instruction. The RNA concentration was assessed using NanoDrop 2000 (Thermo Fisher Scien-
tific, Wilmington, DE19810, USA). Reverse transcription was performed using 1 ug total RNA as the template
with PrimeScript-RT reagent Kit with gDNA Eraser (Cat. #RR047A, Takara) using oligodT, miR22 and U6 spe-
cific RT-primers according to the kits instruction. Quantitative real-time PCR (qPCR) was performed for quan-
tification of genes expression using LightCycler-96 qPCR detection system (Roche) and SYBR Premix Ex Taq
IT (Cat. #RR820A, Takara) according to the manufacturer’s protocol. The information about primers used for
qRT-PCR has enlisted in Table 1. The gene’s expression has standardized to that of the control sample, GAPDH
and U6 were used as internal control, and fold change was calculated using the 2724 method. The thermal cycles
of qRT-PCR were 95 °C for 300 s followed by 40 cycles (95 °C for 15 s, 58°C for 30 s) and 72 °C for 30 s.

Western blotting. The mouse brain and lung tissues were lysed in RIPA buffer (Cat. #PP1202, Aidlab Bio-
technologies, Beijing, China) containing 150 mM NaCl, 0.1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
SDS (Sodium dodecyl sulphate), 50 mM Tris-HCI, pH 8.0, Protease inhibitors. The tissue lysates were cen-
trifuged for 20 min at 12,000g and 4 °C and total protein was collected as supernatant. The concentration of
the total protein was assayed using bicinchoninic acid method (Cat. #PP0101, Aidlab Biotechnologies). The
proteins were separated using SDS-PAGE gel and transferred to PVDF membrane. After transfer, the PVDF
membrane was cut down into different pieces according the sizes of the RPL-29 and GAPDH with the guidance
of molecular weight markers. The membranes were incubated for 2 h at room temperature in blocking buffer

SCIENTIFIC REPORTS |

(2020) 10:16242 | https://doi.org/10.1038/s41598-020-73281-z



www.nature.com/scientificreports/

Species Gene Forward sequence 5'->3 Reverse sequence 5'->3 ¢
Mouse Rpl29 GATGCAGGCCAACAATGCAA CTTAGGCTTCGGTTGGCAGA
Gapdh AAATGGTGAAGGTCGGTGTGAAC TGAAGGGGTCGTTGATGGC
GAPDH AACGGATTTGGTCGTATTGGG CCTGGAAGATGGTGATGGGAT
RPL29 GGCGTTGTTGACCCTATTTC TGTGTGGTGTGGTTCTTGGA
Human PU1 GAAGGACAGCATCTGGTGGGT GCCGTCTTGCCGTAGTTGC
Fos-B GACCCCGAGAGGAGACGCTCA CAACTGATCTGTCTCCGCCTGG
c-Fos CAGACTACGAGGCGTCATCC TCTGCGGGTGAGTGGTAGTA
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
Human and mouse miR22 AAGCUGCCGUUGAAGAACUGU GTGCAGGGTCCGAGGT
U6 RT primer GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACAAAATATGG
miR22 RT primer | GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAGTT

Table 1. List of primers used in qRT-PCR.

(20 mM Tris-HCI, 137 mM NaCl, pH 8.0, containing 0.1% Tween and 5% non-fat dry milk). After blocking,
the membranes were probed with antibodies against RPL-29 (1:1000, Cat. # 15799-1-AP, Proteintech, Wuhan,
China) and GAPDH (1:5000, GB12002, Servicebio, Wuhan, China) overnight at 4 °C. The positive signals for
proteins were detected utilizing ECL reagents (BIO-RAD, Hercules, CA, USA) and image capturing system (Bio-
tanon, Shanghai, China) after probing with secondary antibody for 2 h at room temperature. The proteins ratio
was determined using software “Image J” densitometric analysis.

Statistical analysis. Each experiment was performed a minimum three times having similar results. We
used the GraphPad Software Prism-6 (San Diego, CA, USA) to analyze the qRT-PCR results and represented the
values as mean * standard deviation. Data were compared with two-tailed unpaired Student’s t test. For all tests,
we considered the differences as significant with the p <0.05.

Ethics statement. Animal handling and experimental procedures were approved by the Animal Care and
Use Committee of Hubei Province, China and executed in accordance with guidelines developed by the China
Council on Animal Care and Protocol. The ethics approval number was HZAHMD-2016-037.
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