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ABSTRACT

The dramatic increase in the prevalence of colorectal cancer is the most serious health challenges in the world.
The higher rate of morbidity for this cancer is positively correlated with metastasis. For reduction in morbidity
and alleviation of cancer pain, early detection is inevitable. Recently, it has been shown that KAI1 /CD82 gene
has a critical role in the suppression of metastasis. Thus, a change in KAl1 expression is important and could be
used as a useful marker for the identification of several cancers such as colorectal, prostate and breast cancer. In
this survey, we obtained 52 cancer specimens from different stages of cancer (stages 1, 2, 3 and 4) and ten
normal specimens as control from unrelated patients were included in this study. The patients in the study were
asked to fill in a questionnaire regarding the concept of consent. Real -time reverse transcription polymerase
chain reaction (RT-PCR) and immunohistochemistry (IHC) were performed for evaluating gene expression at
RNA and protein level, respectively. The results were analyzed by using a one-way ANOVA followed by post-hoc
tests. Real-time RT-PCR quantification and IHC analysis revealed that the expression of KAI1 was significantly
increased in the patient compared with the control (P = 0.036). Further comparison of the data showed that the
difference was profound between these two groups; stagel and stage3 with respect to the KAI1 gene expression
(P <0.05).
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In a wide range of tumors during the past decade.
The results have shown that KAI1 is expressed in
all normal tissues, while the expression could be
different in various tissues. The expression of

INTRODUCTION

KAI1 orCD82 is known as a tumor suppressor
gene and suppressor of the metastasis by
inhibiting proliferation and invasion of the
cancerous cells [1]. Studies have shown that KAI1
level of expression could be considered among the
beneficial markers for evaluating the metastatic
tumors function. KAI1 was subject to evaluation

KAI1 in solid tumors could be considered as a
good prognosis factor for identification of the
advanced stages of cancer (clinically).

In Studies have indicated an inverse relationship
between levels of KAI1 expression and
progression toward invasion in many types of
cancers, such as prostate colon, lung, liver, and
thyroid cancers, respectively. Also, there is an
inverse relationship between the amount of KAI1
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expression and metastasis in lymph nodes or liver.
Therefore, detecting the amount of KAI1
expression in each level of cancer is important,
especially with regard to metastasis, as the exact
expression level for this gene is special in cancers.
A decreased expression level of KAI1 in cellular
invasion and metastasis is due to a complex
genetic mechanism which probably transcription
factors are involved, among which, P53, NFKB,
and (-catenin [2-4].

On the other hand, cColorectal cancer (CRC) is one
of the most prevalent cancers in the world. Many
environmental in addition to inheritance factors
are causes of the increased prevalence of these
cancers. Statistics have shown that cancer is the
third cause of fatality after heart disease and
accident in Iran.

On the other hand colorectal cancer (CRC) is the
fourth common type of cancers in worldwide and
the third in Iran. The aim of this investigation is to
evaluate the quantitative expression at mRNA
level, as well as KAI1 protein expression in CRC
patients and its correlation with the pathological,
clinical, and demographical aspect of the patients
in order to introduce a marker for identifying the
tumor levels, especially for metastasis and
invasion.

MATERIALS AND METHODS

Patient selection

Fifty-two tumor and ten normal biopsy specimens
were snap-frozen in the liquid nitrogen and
stored at =80 °C up to use for real time RT-PCR. In
addition, 46 formalin fixed, paraffin embedded
(FFPE)  tissues were included in the
Immunohistochemistry (IHC) analysis. The
tumorous tissues were obtained from four stages
(Stage 1, Stage 2, and Stage 3 plus metastasis).
Tumorous and normal specimens were obtained
from patients who had undergone diagnosis
surgery at Tehran Imam Khomeini hospital.
Specimens were divided into four groups, Group 1
included normal specimens, Group 2 included
Stage 1 CRC specimens, Group 3 included Stage 2
CRC specimens, and Group 4 included the Stage 3
and metastasis specimens. The analysis was also
included the demographic information such as
age, sex, the amount of hemoglobin, and smoking
habit. The pathological reports and clinical history
were taken at the time of surgery. Staging of the
tumors was done according to TNM (tumor-node-
metastasis). In addition, tumor samples were from

patient who had not been the subject of drug
therapy (chemotherapy, or radiotherapy). Also
they did not have the hereditary polyposis CRC or
Crohn’s disease. The ethics of the study was
approved by the Medical Ethics Committee of the
Tumor Bank of Iran. Informed consents were
obtained from patients following explanation of
the purpose of the study and application of the
resected specimens. The classification of the
groups was done as follows: group 1 or control,
group 2 that was included in the Stage 1, group 3
involved of the samples from stage 2 patients, and
the group 4 which was composed of the tissues
from patients with metastasis plus Stage 3 of the
staging according to TNM protocol. The control
group’s specimens were obtained from normal
tissues.

Tissue processing, RNA extraction, cDNA
synthesis

Total RNA was extracted from human CRC and
normal tissues, with Easy Blue solution buffer
(Intron  Biotechnology Co.) according to
manufacturer protocol. Two pairs of primer were
designed with oligo7 and gene runner software
and were blasted applying www.pubmed.com for
validating KAI1 forward primer: 5'-
TCACCTACCCCTGTTCCTGCGA-3' as well as the
reverse primer: 5'-ACCTTCTCCATGCAGCCCTCCT-
3’. The same approach was used for beta-actin
forward primer 5-CTTGATGTCACGGACGATT-3’,
and for reverse primer 5'-
CACGGCATTGTCACCAACT-3’, respectively. cDNA
was synthesized and was used in quantitative real
-time polymerase chain reaction for 52 specimens
under investigation.

Real time reverse transcription polymerase
chain reaction

The cDNA synthesized was used in quantitative
real-time polymerase chain reaction for 52
specimens under investigation. Subsequently, as
an independent predictor of the patients’ outcome,
the expression levels of KAI1 gene was
investigated for different stages of the CRC. In
order to increase the validity of the results,
eliminating erroneous amplification, and avoiding
possible DNA contamination, the primers were
designed for exon-exon junction of the KAIL.
Gene expression was assessed in triplicate and
each reaction mixture was carried out in 19 pl
total volume including 2ul of 10x reaction buffer,
5.0 ul ANTP mix, 2 ul of the MgCl 50mM, 1 ul of the
forward and reverse primers, plus 5U enzyme
3.0ul
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The thermal cycling program was included of 4
min initial step at 94 °C, and 35cycles of 45 sec at
94 °C, 45 sec annealing step at 57 °C for KAI1 and
58 °C for internal control gene primer. For
normalizing gene expression level, we checked
four internal control genes, among which, beta-
actin was chosen as internal control. Cycle
threshold (CT) was chosen for comparing raw
data obtained from rotor-gene corbet-6000 series
thermal cycler and used for analysis of gene
expression level. For all reactions, the negative
control was included in order to determine non-
specification amplification. We also used the serial
dilution of a positive control specimen for both
target and internal control genes and were
calculated the slope of the yielded diagram. The
expression level of KAI1 was analyzed by AACT
method [21]. Furthermore, the PCR products were
checked on 2.5% agarose gel containing ethidium
bromide applying 1x TBE and photographed.

Protein assay

For KAI1 expression analysis at the protein level,
the examination was executed on the FFPE 4um
thick tissues sections. The mounted tissue sections
on slides were deparaffinized, rehydrated, and
washed in 3% H202. Antigen retrieval was done
applying the microwave method in 0.1M of citrate
buffer and blocking stage was done by incubating
tissues with 5% bovine serum albumin (BSA) at
4°C overnight. After removal of BSA, sections were
incubated with diluted KAI1 primary antibody
(Anti KAI1 antibody [1A3] (ab47153) for 1 h at
room temperature. The sections were incubated
with diluted (1:200 in 1% of phosphate buffered
saline [PBS]) and biotinylated with secondary
antibody (Dako Corporation, Carpinteria, CA, USA)
for 30 min at room temperature and washed with
PBS. Antibodies sitting bonds were visualized with
Diaminobenzidine (DAB, Sigma, StLouis, USA) and
contrasted with hematoxylin. Finally analyzed
obtained picture of an optical microscope with
image] software and classified the obtained data

[5].

Statistical analysis

In this study, we used of SPSS version 20 software
(IBM, New York, NY, USA) was used for statistical
analysis and the parametric condition was
checked with Kolmogorov-Smirnov test. One-way
ANOVA was used for quantitative data test,
followed by post hoc Tukey’s test to demonstrate
the significance of the difference between groups.
The qualitative data significance and relations
were checked with Chi-square test. For real-time

PCR analysis, we used ACT and 2-24¢T formulas.
For the analyzed photos obtained from IHC, we
used Image] software and classified percentage of
software in 0-25% =1+, 25-50% = 2+, 75-100% =
3+.

RESULTS

Evaluation of Quantitative and qualitative of
mRNA extraction

Evaluating the quantity of the total RNA extracted
showed that all of RNA's had a concentration more
than 1000 ng/uL and the 260/280 OD ratio of 1.8-
2. The quality of total RNA extracted which were
assessed by electrophoresis in a 1.5% agarose gel,
was appropriate for doing the Q-PCR [Figure 1, the
panel A].

KAI1 and f-actin reverse transcription
polymerase chain reaction:

Identify the quality of the designed primers and
find the best annealing temperature, we checked
cDNA specimen with RT-PCR and followed the
PCR product on the 1.5% agarose gel
electrophoresis. The electrophoretic pattern of the
several samples are shown in Figure 1; the panel B
shows amplified products for beta-actin and the
panel C for KAI1, respectively. Similar results were
found for all other examined specimens. The
obtained results indicate that KAI1 gene
expression subjects to a decreased level of
expression in CRC stages.

Figure 1: Panel A- 1.5% agarose gel electrophoresis total
RNA. Demonstrate extracted mRNA quality Panel B-A
pattern of amplified cDNA fragments for some specimens
in normal and tumoral stages by B-actin gene primers on
1.5% agarose (161 bp). From left to right; lanel: ladder
100bp, lanes 2-4: some specimens in normal. Lanes 5-7:
some specimens in tumoral stages. Panel C- A pattern of
amplified cDNA fragments for some specimens in normal
and tumoral stages by KAI1 primers on 1.5% agarose (160
bp). From left to right; lanel: ladder 100bp, lanes 2-3:
some specimens in normal. Lane 4: a tumoral specimen in
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Quantitative analysis of KAI1 gene expression
by real-time polymerase chain reaction:

KAI1 gene expression was significantly decreased
totally in CRC stages compared to the normal
samples (P = 0.036). To compare KAI1l gene
expression in four groups (normal, Stagel, Stage2,
Stage3) one way ANOVA test was used. Based on
this test, a significant difference in the KAI1
expression among the four groups was observed.
(P = 0.036). To identify the significance of the
difference between studied groups a pairwise
analysis was done for comparison using Post Hoc
test. The analysis of the results has indicated a
significant difference between Stagel and Stage3
for KAI1 gene expression (P <0.05).

by other investigators which will mention in the
discussion, it was expected to observe a decline in
KAI1 gene expression from normal tissues toward
stagel of CRC followed by further progress into
Stage 2 and Stage3. To test this assumption one
way ANOVA test was conducted applying Contrast
tests instead of Post Hoc. The analysis resulted in
observing a significant difference between the
Stagel and Stage3 in KAI1 gene expression (P =
0.009) and again, the above results obtained. In
fact, the relationship between KAI1 gene
expression in cancer process and normal tissue
was as a linear (Figure 2), which means that
expression of this gene with the same slope at
different stages of cancer Changes.

5
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Normal Tissue Stage 1 Stage 2 stage 1

Mean Act

Figure 2: KAI1 gene expression according to mean
Act/groups. The gene expression of KAI1 decreases with
advances in cancer stages

The ratio of gene expression was calculated by
2-88ct and was found that KAI1 gene expression
was decreased in cancer stages compared to the
normal counterparts. It is necessary to notify that
the efficiency of PCR in real time for KAI1 and beta
actin genes were 2. The amplification plot of KAI1

gene (A), melting curve (B), and the standard
curve of KAI1 gene (C) are shown in the Figure 3.
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Figure 3: The Q-PCR amplification characteristics of the
KAI1. Amplification plot (A) melting curve (B) and the
standard curve for KAI1 (C) are shown in this figure

Figure 4: The immunohistochemistry result: photograph
obtained immunohistochemistry with ocular microscope,
the KAI1 protein expression in (a) normal tissue
microarray (magnification X100), (b) Stage I Tumor
colorectal cancer (magnification X400), (c) Stage II Tumor
colorectal cancer (magnification X100), (d) Stage III
Tumor colorectal cancer (magnification X400), the brown
color demonstrate DAB sediment, the gene expression
decreased in protein level with cancer stage increasing (a
up tod)

Immunohistochemistry, expression of KAI1

To scrutinize results obtained by Q-PCR analysis,
we further carried out IHC in order to obtain a
visual clue for altered expression of KAI1 at the
protein level. The processed tissues were analyzed
using the optical microscope at a magnification
ranging from 100X to 400X magnification further
indicated a significant decreased in the expression
of the KAI1 at protein level throughout the stages
of the CRC compared to the corresponding normal
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specimen. As well, an entire loss of protein
expression was observed in metastatic this feature
is shown in Figure 4. Stage 1: 46% 2 + and 58%
3+, Stage 2: 13% 1+, 83% 2+, 4% 3+, Stage 3:
100% 1+.

The relationship Correlation of experimental
data with demographic and pathologic factors
In this study, we evaluated the mRNA and protein
levels in 52 unrelated patients with colorectal
cancer, while none of them had a family history
with any type of cancers. 31 (59 %) of the patients
were female and 21 (41%) of them were male
with a mean age of 60.8+ 13.9 years. The age of
patients was raging from 37 to 84 years. 63% (33
out of 52) of these patients were above 50 years
old.

As point of race considering the ethnicity, 63.5%
of patients or 33 individuals out of 52 were Azari,
while 3.5 % of patients including a total number of
7 patient were Gilaki, and 33.5% (i.e., 12 patients)
were from other ethnicities. Geographically, most
patients (i.e, 66.5%) were from Northern as well
as North-west part of Iran. Also, 5.7 % of patients
were the smoker or were using opioids.

The obtained pathological reports based on TNM
classification showed the following differentiation
pattern: 18 tissue samples were found to be in
stage I, 10 in Stage II, and 12 in the third and
fourth stage (Stage Il & IV), in addition to 12 were
normal samples table 1.

Furthermore, we evaluated the association
between the levels of mRNA and protein
expression for KAIlgene with the clinico-
pathological feature at P < 0.05 of significance. The
statistical analysis of the results showed not a
significant relationship between the mRNA
expression levels of the KAI1 and demographic
and pathologic factors of the patients with CRC
(P>0.05).

However, statistical analysis has shown a
significant relationship between KAI1 protein
expression level and metastasis to the lymph
nodes (P = 0.017) as well as stages of cancer (P =
0.00).

In addition, statistical analysis of the results did
not show any significant relationship between the
stage of cancer progression and age, gender, and
TNM factors (P.0.05).

The statistical analysis showed that the results
obtained for QRT-PCR and IHC support each other.
Also, it was found a direct correlation between the
average Act and protein expression levels (P <
0.05). In the other words, the higher Act that exists
in the advanced tumor stages, indicates lower
level of KAI1 protein expression. As in the steps 3
and 4, as well as metastasis, the proprietary of the
KAI1 protein expression reaches to zero.

DISCUSSION

The aim of the present study was to the
investigate applicability of the KAI1 in
determining cancer staging and early stage
recognition of the CRC. To achieve this end, we
checked KAI1 expression in the level of protein
and mRNA. The expression of KAI1 was analyzed
in tumor and the adjacent normal non-malignant
tissue (the marginal normal tissue 5 cm away
from site of the tumor). We found that KAIl
expression was significantly decreased both at
protein and mRNA levels, however, the level of
reduction was more striking at mRNA level. This
observation might indicate the important role of
KAI1 inhibition in CRC metastasis. Metastasis is
inhibited by multiple mechanisms such as
inhibition of cell motility and invasion, promotion
of apoptosis, induction of the senescence in tumor
cells, as well as secretion of the external (3-catenin

[6].

Although the real mechanism and inhibitory effect
of KAI1 in the infiltration of cancer metastasis are
unknown, IHC results show that KAI1 protein is
located in the cytoplasm and cell membrane.
According to this finding, it could be suggested
that the tumor metastasis inhibitory effect of the
KAI1 is executed through its involvement in the
regulation of the cell adhesion.

The studies have indicated that in CRC
development, the level of KSI1 expression is
reduced in the metastasis but the scale of
expression is different from other cancers. For
example in a study carried out in Germany on
patients with kidney cancer [7], through the
application of northern blotting it was shown a
reduction inKAI1 expression. Moreover, IHC
examination carried out on tissues of the patients
on cancers of colorectal [8], cervical [9],
esophagus [10, 11], prostate and bladder [4],
breast [12], and pancreas [13] have indicated that
expression of KAI1 is reducing through the
process of disease development. These findings
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have provided evidence for a significant
relationship between the reduction in this protein
level and metastasis.

Supporting the above finding, there are other
studies that through evaluation of KAI1 mRNA and
protein levels have concluded the vital role and
involvement of the reduced KAI1 expression in
cancer development in many other tissues.
Examples of such studies are studies carried out in
cancers of prostate and bladder [4], brain [14],
endometrial [15], breast [12], neck and head [16,
17], and lung cancer [18,19], in addition to HCC
[20]. All the aforementioned studies have shown
the decrease in KAI1 expression metastatic
sample, whereas, in non-metastatic samples, the
level of expression was slightly higher.

a reduced KAI1 expression in CRC, a
contradictory report by [21] has shown an
increased expression of KAI1 in tumor tissues as
much as is 87 percent higher than the normal
tissue. Expression of KAI1 in was found to be
correlated with severity of tumors. The
Expression of KAI1 at mRNA levels in stages Il and
III were found to be significantly higher than stage
IV four ( p < 0.03 and p <0.015, respectively).

a conclusion, it could be hypothesized that the
effect of a tumor suppressor gene on metastasis to
be dependent on its protein product function. A
hypothesis that demand further investigation [22].
In conclusion, it could fairly be suggested that
KAI1 plays a role as a metastasis suppressor gene.
While the so far studies including our present
report indicate, this gene is a metastasis
suppressor, while further works in future will
better unravel its role and giving a clear picture on
the overall function of third tumor suppressor
gene in cancer development and metastasis.

CONCLUSION

From results obtained in the research by other
projects, it can be said that KAI1 can play role in
the development of colorectal cancer (CRC) to
higher stages. In other words, it may be possible it
acts as a good marker to indicate the infiltration,
metastasis, and prognosis of colorectal cancer.

Acknowledgments

The present study was granted by Iran National
Science Foundation (INSF). The authors would
like to express their thanks to the Iran Tumor
Bank, Cancer Institute of Iran in Imam Khomeini

Hospitals Complex for their help in providing the
project with tissue samples.

REFERENCES

1. Miranti CK. 2009. Controlling cell surface
dynamics and signaling: How CD82/KAI1
suppresses metastasis. Cellular Signaling
21:196-211.

2. Takahashi M, Sugiura T, Abe M, Ishii K,
Shirasuna K. 2007. Regulation of c-Met
signaling by the tetraspanin KAI-1/CD82
affects cancer cell migration. International
Journal of Cancer 121: 1919-1929.

3. Goncharuk VN, del-Rosario A, Kren L,
Anwar S, Sheehan CE, Carlson JA, Ross JS.
2004. Co-downregulation of PTEN, KAI-1,
and nm23-H1 tumor/metastasis
suppressor proteins in non-small cell lung
cancer. Annals of diagnostic pathology 8:
6-16.

4. Jackson P, Ow K, Yardley G, Delprado W,
Quinn D, Yang ], Russell P. 2003.
Downregulation of KAI1 mRNA in
localised prostate cancer and its bony
metastases does not correlate with p53
overexpression. Prostate cancer and
prostatic diseases 6: 174-181.

5. Protzel C, Kakies C, Kleist B, Poetsch M,
Giebel ]. 2008. Down-regulation of the
metastasis suppressor protein
KAI1/CD82 correlates with occurrence of
metastasis, prognosis and presence of
HPV DNA in human penile squamous cell
carcinoma. Virchows Archiv 452: 369-
375.

6. Tsai YC, Weissman AM. Dissecting the
Diverse Functions of the Metastasis
Suppressor CD82/KAI1. FEBS letters 585:
3166-3173.

7. Yang X, Wei L, Tang C, Slack R,
Montgomery E, Lippman M. 2000. KAI1
protein is down-regulated during the
progression of human breast cancer.
Clinical Cancer Research 6: 3424-3429.

8. Lombardi DP, Geradts ], Foley JF, Chiao C,
Lamb PW, Barrett JC. 1999. Loss of KAI1
Expression in the Progression of
Colorectal Cancer. Cancer Research 59:
5724-5731.

9. Liu F-S, Chen J-T, Dong J-T, Hsieh Y-T, Lin
A-], Ho ES-C, Hung M-], Lu C-H. 2001. KAI1
metastasis suppressor gene is frequently
down-regulated in cervical carcinoma.

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 3 | May 2018




Shahla Mohammad Ganiji et al

J Res Med Dent Sci, 2018, 6 (3):78-84

10.

11.

12.

13.

14.

15.

16.

17.

18.

The American journal of pathology 159:
1629-1634.

Uchida S, Shimada Y, Watanabe G, Li ZG,
Hong T, Miyake M, Imamura M. 1999.
Motility-related protein (MRP-1/CD9)
and KAI1/CD82 expression inversely
correlate with lymph node metastasis in
esophageal squamous cell carcinoma.
British Journal of Cancer 79: 1168-1173.
Miyazaki T, Kato H, Shitara Y, Yoshikawa
M, Tajima K, Masuda N, Shouji H, Tsukada
K, Nakajima T, Kuwano H. 2000. Mutation
and expression of the metastasis
suppressor gene KAI1 in esophageal
squamous cell carcinoma. Cancer 89: 955-
962.

Mooez S, Malik F, Kayani M, Rashid R,
Zahid A, Khan A. 2011. Expressional
alterations and transcript isoforms of
metastasis suppressor genes (KAI1 and
KiSS1) in breast cancer patients. Asian
Pac] Cancer Prev 12: 2785-2791.

Friess H, Guo X-Z, Tempia-Caliera AA,
Fukuda A, Martignoni ME, Zimmermann
A, Korc M, Bi%chler MW. 2001
Differential expression of metastasis-
associated genes in papilla of vater and
pancreatic cancer correlates with disease
stage. Journal of Clinical Oncology 19:
2422-2432.

Stark AM, Tongers K, Maass N, Mehdorn

HM, Held-Feindt J]. 2005. Reduced
metastasis-suppressor  gene  mRNA-
expression in breast cancer brain

metastases. Journal of cancer research
and clinical oncology 131: 191-198.

Liu F-S. 2007. Molecular carcinogenesis of
endometrial cancer. Taiwanese Journal of
Obstetrics and Gynecology 46: 26-32.
Erovic BM, Pammer ], Hollemann D,
Woegerbauer M, Geleff S, Fischer MB,
Burian M, Frommlet F, Neuchrist C. 2003.
Motility-related protein-1/CD9
expression in head and neck squamous
cell carcinoma. Head & Neck 25: 848-857.
Buim MEC, Loureni§o SV, Carvalho KtC,
Cardim R, Pereira Cu, Carvalho AL,
Fregnani JH, Soares FA. Downregulation
of CD9 protein expression is associated
with  aggressive behavior of oral
squamous cell carcinoma. Oral oncology
46:166-171.

Wu S, Yu L, Wang D, Zhou L, Cheng Z, Chai
D, Ma L, Tao Y. Aberrant expression of
CD133 in non-small cell lung cancer and

19.

20.

21.

22.

its relationship to vasculogenic mimicry.
BMC cancer 12: 535.

You J, Chang R, Liu B, Zu L, Zhou Q. Nm23-
H1 was involved in regulation of KAI1
expression in high-metastatic lung cancer
cells L9981. Journal of Thoracic Disease 8:
1217-1226.

Guo X-Z, Friess H, Di Mola FF, Heinicke J-
M, Abou-Shady M, Graber HU, Baer HU,
Zimmermann A, Korc M, Biichler MW.
1998. KAI1, A new metastasis suppressor
gene, is reduced in metastatic
hepatocellular carcinoma. Hepatology 28:
1481-1488.

MaurerCA, Graber U, Friess H, Beyermann
B, et al.Reduced expression of the
metastasis suppressor gene KAIl in
advanced colon cancer and its metastases.
Surgery. 1999 Nov;126(5):869-80

Backer ], Hamby C. 1998. Genetic control
of metastasis. Pages 1-19. Molecular
Aspects of Cancer and its Therapy,
Springer.

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 3 | May 2018




