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Simple Summary: Egypt has the highest prevalence of hepatitis C infection in the world with a
dramatic increase in the incidence of hepatocellular carcinoma (HCC) observed during the last
decade. Currently, HCC is the most prevalent cancer in men and the second most prevalent cancer
in women in Egypt. There are limited published data on the implication of host KIR genotypes and
the progression of chronic hepatitis C virus (HCV) infection to HCC. We describe the first analysis
of Egyptian KIR genotypes from the Nile Delta region. The findings of this study suggest that
KIR haplotype AA, that contains dominantly inhibitory genes, was less frequent in HCC patients
compared to chronic HCV patients and healthy control subjects. Therefore, haplotype AA may have
a crucial role in host defense against HCC progression.

Abstract: In Egypt, hepatocellular carcinoma (HCC) is the most prevalent cancer in men and the
second most prevalent cancer in women. In addition, Egypt has one of the highest prevalences of
hepatitis C infection in the world. The aim of the present work was to study the potential role of
the 16 KIR genes in the outcome of individuals with chronic hepatitis C virus (HCV) infection in
Egypt. The study was carried out under an IRB-approved protocol. Sequence-Specific-Primer-PCR
(SSP-PCR) was used for KIR genotyping of germline DNA extracted from peripheral blood leukocytes
or from the non-tumor liver of 83 HCC patients, 100 patients with chronic HCV infection without
HCC, and 120 matched healthy controls. Out of the 83 HCC patients, only 7 (8.4%) were treated
by interferon and/or interferon Ribavirin combination, while for the remaining patients 50 (60.2%)
received no prior HCV therapy and 26 (31.3%) were treated with direct-acting antiviral (DAA). Our
results showed that KIR haplotype AA that contains more inhibitory KIR genes and fewer activating
genes was observed with a significantly lower frequency in HCC patients (6/83, 7.2%) compared to
chronic HCV (27/100, 27.0%) (p = 0.0005, OR = 0.21 [0.08-0.53]) and healthy controls (29/119, 24.4%)
(p =0.001, OR = 0.24 [0.09-0.61]). In addition, the frequency of genotype 6 (G6) which contains all
the KIR genes was significantly high in the HCC patients (16/83, 19.3%) compared to chronic HCV
(8/100, 8.0%) (p = 0.02, OR = 2.7 [1.11-6.79]) and healthy controls (8/119, 6.7%) (p = 0.006, OR = 3.31
[1.35-8.16]). Activating KIR genes 2DS1 and 3DS1 were significantly higher in HCC patients (48/83,
57.83% and 45/83, 54.22%) compared to the chronic HCV patients (36/100, 36% and 34 /100, 34%),
p = 0.028, 0.027, respectively. Our results are contrary to a prior work on HCC from patients with
HCV who were mostly treated by interferon-based therapies. In conclusion, KIR haplotype AA has
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an important role in host defense against HCC progression especially in patients treated by DAA,
suggesting an important role of the KIR genotype status on the outcome of chronic HCV infection.

Keywords: chronic hepatitis C; Egyptian; genotyping; hepatocellular carcinoma; KIR; SSP-PCR

1. Introduction

In Egypt, according to the most recent national survey of cancer, hepatocellular carci-
noma (HCC) was the most prevalent cancer in males (33.6%) and the second most prevalent
cancer in females (13.5%) with the Nile Delta region having the highest incidence of liver
cancer (29.6%) [1]. In addition, Egypt has the highest prevalence of chronic HCV infection
globally; with a seroprevelance of 7.5% in males and 5.3% in females [2], HCV infection
represents the highest risk factor for HCC development in patients with cirrhosis [3].

The liver is highly enriched with innate immune cells, among which are natural killer
(NK) cells that play a pivotal role in host defense against viral infection and tumor cells,
and in initiating the adaptive immune response [4]. NK cells’ function is controlled through
an array of inhibitory and activating receptors expressed on their surface that interact with
an array of ligands including human leucocyte antigen classl (HLA class 1) molecules
which are expressed on the surfaces of all nucleated cells. In humans, the most highly
polymorphic of these NK cell receptors are killer cell immunoglobulin-like receptors (KIRs),
with 14 KIR genes and 2 pseudo-genes [5]. These receptors regulate the function of NK cells
and other lymphocyte subsets as natural-killer-like T-lymphocytes (NKT cells), thereby
playing crucial roles in both innate and adaptive immunity [6]. KIR receptors are classified
according to their extracellular number of immunoglobulin-like domains as 2D and 3D,
then the cytoplasmic tail length as (L, S, and P for long, short, and for pseudo-genes,
respectively), and sequence similarity characterized numerically by the last number to
distinguish the structural similarity encoded by different genes [7]. The inhibitory KIR
receptors have long cytoplasmic tails containing pairs of immune tyrosine-based inhibitory
motifs (ITIMs), whereas the activating KIR receptors have short cytoplasmic tails that
associate with the DAP12 signaling molecule via a positively charged lysine residue in their
trans-membrane domain [8]. The aim of the present study was to investigate the potential
role of KIR genes in the progression of chronic HCV infection to HCC in Egyptian patients.
Our results suggest an important role of the KIR genotype status in the outcome of chronic
HCYV infection, especially those treated with direct acting antiviral agents (DAA).

2. Materials and Methods
2.1. Study Subjects

Study populations consisted of 303 Egyptians residing in the Nile Delta region. The
study was carried out under an IRB (IRB no: 0051/2012)-approved protocol of the National
Liver Institute (NLI), Menoufia University. All participants gave written informed consents
for inclusion in the study. The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the institution’s human research
committee. The HCC and HCV patients were collected sequentially from the patients seen
at the hepatology clinics, the National Liver Institute (NLI), Menoufia University. The
control subjects were accrued from villages in the vicinity of NLI and from health staff
at our institution who volunteered for the study through an independent protocol. The
controls were age- and sex-matched to HCV and HCC subjects. For the HCC subjects, a
total of 115 patients were accrued and tested in our laboratory for HBV and HCV markers.
Exclusion criteria of HCC patients were: (1) Those with HBV infection; (2) Those with
co-infection of HCV and HBV; (3) Those who were negative for viral markers. Out of the
115, 83 had HCV infection alone and were included in experimental work (1 = 83). The
participants included 83 patients with HCV-related HCC, 100 patients with chronic HCV
without HCC, and 120 matched healthy controls with no HCV infection. The average age
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of the three cohorts was 49.26 (range 21-76) with a median age of 50 years. The average
age was similar (between the controls and those with HCV) but higher in the HCC cohort
(Table 1).

Table 1. Demographic data of the studied groups.

. . HCC HCV Controls
Studied Variable n =83 =100 =120 p-Value
Age
Mean + SD 56.21 + 6.73 46.22 + 6.53 46.97 +10.44 0,001
Median 57.00 47.0 47.0 <U-
Min-max 38.0-75.00 35.0-60.00 21.0-76.00
Gender
Female 13 (15.7) 21 (21.0) 45 (37.5) 0.001
Male 70 (84.3) 79 (79.0) 75 (62.5)

At least 4 mL peripheral blood was collected in EDTA tubes from each subject.
The blood was centrifuged at 2500 rpm to isolate the buffy coat containing peripheral
blood leukocytes.

2.2. DNA Extraction

DNA extraction was performed from buffy coat for all control subjects, chronic hepati-
tis patients, and 36 out of the 83 HCC patients using QIAmp blood mini kit as per company
instructions (Qiagen, Germantown, MD, USA). For 47 HCC patients with available tumor
tissues, DNA was extracted from the fresh frozen non-tumor tissues using Gentra Puregene
Tissue kit (Qiagen, Germantown, MD, USA). For all samples, the DNA concentration was
quantified using Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Wilmington,
DE, USA).

2.3. KIR Genotyping

Sequence-Specific-Priming polymerase chain (SSP-PCR) genotyping was performed
with modification from a published protocol, Figure 1 [9]. Briefly, one primer set with sen-
sitivity higher than 96% http:/ /www.ebi.ac.uk/ipd/kir/probe.html (accessed on 15 May
2023) was used for each KIR gene. Two sets of primers were used for KIR2DL3, KIR3DL1,
and KIR3DS1. For all negative PCR results, the second primer of KIR gene was used to
confirm the results. For KIR3DP1, the primers described by Gémez-Lozano N. and Vilches
C. were used [10]. All primers were obtained from Integrated DNA Technology (Coralville,
IA, USA). Primers were used at 10-pmol concentration per reaction. The SSP-PCR technique
was performed using GoTaq green master mix (Promega, Madison, WI, USA) in a total
volume of 10 uL. The PCR cycling condition was: denaturation at 94 °C for 3 min, 5 cycles
(94°C 155,65 °C 155,72 °C 30s); 21 cycles (94 °C 155, 60 °C 15 s, 72 °C 30 s); 4 cycles
(94 °C 15, 55 °C 1 min, 72 °C 2 min), with a final 7-min extension step at 72 °C using the
GeneAmp® 9700 thermal cycler (Applied Biosystem, Drive Foster City, CA, USA). The PCR
products were electrophoresed using 2% agarose gel at 100 Volts for 30 min, visualized
using ethidium bromide stain and documented using UVITEC gel documentation system
(UVITEC, Cambridge, UK).

2.4. KIR2DS4 Analysis

KIR2DS4 gene variants were detected by the presence of a 22 bp deletion in exon 5,
Figure 1. To observe this variant, 5 pL of PCR products of KIR2DS4 were additionally
electrophoresed for 1 h using 3% agarose gel at 100 Volts and visualized as described
previously. The band of the deleted variant was 197 bp while the full-length variant was
219 bp [9].
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IDLI 2DL2 3DL2 2DS1 2DS2 2DS3 2DS4 2DSS DL4 2DLS DL 2DP1 3DP1 DRBI M 2D

(B)

Figure 1. (A) A representational picture of gel electrophoresis using 2% agarose gel showing the
presence of all 16 KIR genes tested at their expected sizes (M: DNA marker 100 bp), DRB1 was used
as a positive control. (B) Gel electrophoresis of KIR2DS4 for some samples showing a full-length (F)
at 219 bp, and 22 bp deletion (D) at 197 bp using 3% agarose gel. Heterozygous samples contain both
bands (H).

2.5. Histological Assessment of Inflammatory Cells Infiltration in HCC Tumors

Tumor tissues were available from 47 of the 83 HCC subjects for assessment of inflam-
matory infiltrate. Intratumor inflammatory cellular infiltration was assessed using routine
hematoxylin and eosin (H & E) stained sections of liver tissues according to a published
protocol [11]. Significant lymphoplasmacytic infiltration was defined as dense multifocal or
diffuse infiltration in two or more fields under low power magnification (4x objective lens).
Tumor samples were classified into those with significant lymphocytic infiltration and
those without significant infiltration. Perinecrotic areas were excluded from the assessment
of inflammatory cellular infiltration.
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2.6. Statistical Data Analysis

The statistical analysis was performed using SPSS software version 20. In the cases
where 25% or more cells had expected count less than 5, the p-Value was calculated using
Fisher’s exact significant test. Pearson Chi square approximate test was used in cases where
less than 25% of cells had an expected count less than 5. The p-Value of <0.05 was statistically
significant, and the odds ratio (OR) was calculated in case of significant difference. The KIR
genotypes were characterized based on their frequencies using www.allelefrequencies.net
(accessed on 15 May 2023).

3. Results
3.1. Frequencies of KIR Genes and Genotypes in the Studied Populations

The international database for KIR genotypes (www.allelefrequencies.net, accessed on
15 May 2023) was used to identify KIR genotypes in HCC, chronic HCV, and healthy control
groups in the present study. Genotype 1 (G1), the only AA haplotype identified in our
cohort, was the most frequent genotype observed in the three tested groups. Its frequency,
however, was much lower in HCC patients (7.2%) compared to chronic HCV (27.0%)
(Table 2). After conducting multivariate regression analysis including age and gender,
the KIR AA haplotype was found to be an independent risk factor of HCC development
(Table 2).

Table 2. Univariate and Multivariate Regression Analysis of KIR AA haplotype.

KIR AA haplotype
vs.
KIR Bx haplotypes

Univariate Analysis Multivariate Analysis *
p-Value OR (95% CI) Adjusted p-Value Adjusted OR (95% CI)
Between HCC and healthy controls
0.003 0.24 (0.09-0.62) <0.001 0.12 (0.04-0.39)
Between HCC and HCV groups
0.001 0.21 (0.08-0.54) 0.03 0.26 (0.08-0.88)

* multivariate analysis included age and gender adjustment.

In addition, the frequency of genotype 6 (G6) which contains all the KIR genes includ-
ing the activating ones was significantly high in the HCC patients (19.3%) compared to
chronic HCV (8.0%) (p = 0.02, OR = 2.7 [1.11-6.79]) and healthy controls (6.7%) (p = 0.006,
OR =3.31 [1.35-8.16]).

The frequency of G73 was significantly higher in chronic HCV subjects compared to the
healthy control group (6%, p = 0.04, OR = 7.53 [0.89-63.65]). Analysis revealed no significant
difference among patients and controls regarding the frequency of deleted KIR2DS4 (ID)
or the full-length gene. The combined full-length KIR2DS4/ID was significantly higher
in the chronic HCV group (29%) compared to HCC (10.8%, p = 0.002), but it did not reach
statistical significance compared to the healthy subjects (20.17%) (Table 3).

Within samples of control subjects, one sample showed a different genotype charac-
terized by the absence of only three genes (KIR2DS1-3) while the other KIR genes were
present. This finding was confirmed by repeated typing for that sample. This genotype is
not present in the international database for KIR genotypes (www.allelefrequencies.net,
assessed on 15 May 2023).

The frequency of each KIR gene was calculated for the controls, chronic HCV patients
with no tumor, and for the HCC cohorts. KIR3DL2, KIR3DL3, KIR2DIL4, and KIR3DP1
were identified in all samples of each group while the frequency of the remaining genes
ranged from 33% to 100%. The frequency of KIR2DL2 was significantly higher in HCC and
chronic HCV patients compared to healthy control subjects (p = 0.01) but no significant
difference was detected between chronic HCV and HCC patients. In addition, KIR genes
2DL2 and 2DS2 were significantly higher in HCC patients (66/83, 79.51%; 58/83, 69.88%,
respectively) compared to healthy control subjects (68/120, 65.7%; 67 /120, 55.8%, p = 0.01
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and 0.04, respectively). Activating KIR genes 2DS1 and 3DS1 were significantly higher
in HCC patients (48/83, 57.83%; 45/83, 54.22%, respectively) compared to the chronic
HCV patients (36/100, 36%; 34/100, 34%, respectively) (p = 0.01). Inhibitory KIR gene
2DL5 and activating gene 2DS5 were significantly higher in HCC patients (66/83, 79.51%;
42/83, 50.60%, respectively) compared to both chronic HCV patients (63/100, 66%; 33 /100,
33%, respectively, p = 0.01), and the healthy control subjects (80/120, 66.6%; 44/120, 36.6%,
respectively, p = 0.04) (Table 4).

Table 3. Frequencies of KIR genotypes in the studied populations.

The Study Groups p-Values
GenI(]))type HCC C;\Ir((:):/ic Iézilttrl;}{ H CPCl vs. HCPé vs. HCP\? vs. amoﬂi the
(n =83) (1 = 100) (1 = 119) HCV Healthy Healthy Three
Control Control Groups
1 6 (7.2) 27 (27.0) 29 (24.4) 0.0005 0.001 0.65 0.001
6 16 (19.3) 8(8.0) 8(6.7) 0.02 0.006 0.79 0.01
5 10 (12.0) 20 (20.0) 14 (11.8) 0.14 0.95 0.09 0.16
2 8(9.6) 7(7.0) 11 (9.2) 0.51 0.92 0.54 0.77
4 7(8.4) 7(7.0) 8(6.7) 0.71 0.64 0.93 0.89
71 5(6.0) 5(5.0) 6 (5.0) 0.76 0.76 0.98 0.94
19 4(4.8) 3(3.0) 1(0.8) 0.52 0.73 0.33 0.21
7 4(4.8) 2(2.0) 6 (5.0) 0.28 0.94 0.29 0.46
73 2(24) 6 (6.0) 1(0.8) 0.23 0.36 0.04 0.07
3 2(2.4) 4 (4.0) 7(5.9) 0.53 0.23 0.57 0.48
9 2(2.4) 1(1.0) 2(1.7) 0.45 0.71 0.99 0.75
90 2(2.4) 1(1.0) 1(0.8) 0.45 0.36 1 0.59
93 2(24) 0 0 0.2 0.16 1 NA
81 2(24) 0 1(0.8) 0.2 0.36 1 NA
18 1(1.2) 2(2.0) 0 0.67 0.41 0.2 NA
8 1(1.2) 0 2(1.7) 0.2 0.78 0.5 NA
80 1(1.2) 0 0 0.2 0.41 1 NA
28 1(1.2) 1(1.0) 0 0.89 0.2 0.45 NA
64 1(1.2) 1(1.0) 0 0.89 0.2 0.45 NA
228 1(1.2) 1(1.0) 0 0.89 0.2 0.45 NA
106 1(1.2) 0 0 0.2 0.2 1 NA
167 1(1.2) 0 0 0.2 0.2 1 NA
294 1(1.2) 0 0 0.2 0.2 1 NA
30 1(1.2) 0 0 0.2 0.2 1 NA
21 1(1.2) 0 1(0.8) 0.2 0.79 0.99 NA
69 0 1(1.0) 2(1.7) 1 0.51 0.99 NA
70 0 1(1.0) 2(1.7) 1 0.51 1 NA
11 0 1(1.0) 2(1.7) 1 0.51 0.99 NA
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The Study Groups p-Values
P2 P3 P4
Genotype i
IDYP HCC C:Ir((:);\;c I(_jlzilttrl(l)}ll H CPCl vs HCC vs. HCV vs. among the
(n=83) - ~ ) Healthy Healthy Three
(= =100) (n =119) HCV Control Control Groups
175 0 1(1.0) 0 1 1 0.45 NA
27 0 0 2(1.7) 1 0.51 0.5 NA
12 0 0 2(1.7) 1 0.51 0.5 NA
382 0 0 1(0.8) 1 1 1 NA
331 0 0 1(0.8) 1 1 NA
159 0 0 1(0.8) 1 1 1 NA
14 0 0 1(0.8) 1 1 1 NA
20 0 0 1(0.8) 1 1 1 NA
72 0 0 1(0.8) 1 1 1 NA
13 0 0 1(0.8) 1 1 1 NA
35 0 0 1(0.8) 1 1 1 NA
75 0 0 1(0.8) 1 1 1 NA
118 0 0 1(0.8) 1 1 1 NA
68 0 0 1(0.8) 1 1 1 NA
hKIR AA 6(7.2) 27 (27.0) 29 (24.2) 0.0005 0.001 0.65 0.001
aplotypes
h KIR Bx 77 (92.8) 73 (73.0) 91 (75.8) 0.0005 0.001 0.63 0.001
aplotypes
2DS4 29 (34.9) 14 (14.0) 18 (15.13) 0.0008 0.001 0.82 0.0004
full length ' ‘ ’ ’ ’ ’ )
2DS4 variant
(22 bp deletion) 38 (45.7) 55 (55.0) 68 (57.14) 0.21 0.11 0.75 0.25
2DS4
Heterozygous 9(10.8) 29 (29.0) 24 (20.17) 0.002 0.07 0.12 0.01
2DS4 Absence 7(8.4) 2(2.0) 9 (7.56) 0.04 0.82 0.06 0.11

Absolute numbers represent frequency. The numbers in parentheses represent percentages. p-Values are indicated
as P1: HCC vs. chronic HCV, P2: HCC vs. Healthy control, P3: Chronic HCV vs. Healthy control, and P4: Among
the three groups. Bolded values represent statistically significant changes. One different genotype characterized
by absence of only three activating genes (KIR2DS1-3) is found in healthy subjects that is not present in KIR
genotypes international database (www.allelefrequencies.net, accessed on 15 May 2023).

3.2. Correlation between the Degree of Inflammatory Infiltration in the Tumor and KIR Genes

Tissue samples were available from 47 HCC tumors. A total of 21 tumors exhibited
a significant inflammatory cells infiltration and 26 showed no or minimal inflammatory
infiltrations in their tumors (Figure 2). Although there was no statistical significance
due to the limitation of the number of HCC with available tissue samples in this study,
the frequency of G4 was higher (14.28%) in the HCC tumors with strong inflammatory
infiltration compared with the tumors with no or weak infiltration (3.85%), while the
frequency of G6 was higher (30.77%) in tumors with no or weak infiltration compared to
those with strong infiltration (9.52%) (Table 5).
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Table 4. Frequencies of KIR genes in the studied populations.

. P2 P3 P4
KIR Gene (:I=CSC3) ::Plf((i%: (Iénlz_rallitr:(l():l; HI_CIIZC:1 ‘;15_ geca?tl‘sr‘ I};Ea‘l/tl‘:; am'l?}lllri :,he
B - Control Control Groups

2DL1 82 (98.8) 100 (100.0) 119 (99.1) 1 1 1 1

2DL2 66 (79.51) 64 (64.0) 68 (56.7) 0.18 0.01 033 0.03
2DL3 70 (84.34%) 86 (86.0) 109 (90.8) 0.75 0.15 0.26 0.33
3DL1 79 (95.18) 98 (98.0) 112 (93.3) 0.28 0.58 0.18 0.25
3DL2 83 (100.0) 100 (100.0) 120 (100.0) NA NA NA NA
2DL5 66 (79.51) 63 (63.0) 80 (66.6) 0.01 0.04 0.57 0.04
3DL3 83 (100.0) 100 (100.0) 120 (100.0) NA NA NA NA
2DS1 48 (57.83) 36 (36.0) 54 (45.0) 0.01 0.2 022 0.07
2DS2 58 (69.88) 57 (57.0) 67 (55.8) 0.07 0.04 0.86 0.09
2DS3 48 (57.83) 46 (46.0) 50 (41.6) 0.11 0.02 0.58 0.07
2DS4 76 (91.57) 98 (98.0) 111 (92.5) 0.04 0.8 0.06 0.12
2DS5 42 (50.60) 33 (33.0) 44 (36.6) 0.01 0.04 0.67 0.03
3DS1 45 (54.22) 34 (34.0) 53 (44.1) 0.01 0.33 0.13 0.06
2DL4 83 (100.0) 100 (100.0) 120 (100.0) NA NA NA NA
3DP1 83(100.0) 100 (100.0) 120 (100.0) NA NA NA NA
2DP1 82(98.80) 100 (100.0) 119 (99.1) 1 1 1 1

NA means not applicable. Absolute numbers represent frequency. The numbers in parentheses represent
percentages. The p-Values are indicated as P1: HCC vs. chronic HCV, P2: HCC vs. Healthy Control, P3:
Chronic HCV vs. Healthy control, and P4: Among the three groups. Bolded values represent statistically
significant changes

Figure 2. Cont.
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Figure 2. Representative examples of patterns of inflammatory cellular infiltration in HCC tumors.
(A) HCC with significant diffuse lymphoplasmacytic infiltrate (H & E, 200x). (B) HCC with sig-
nificant multifocal lymphoplasmacytic infiltrate (H & E, 40x). (C) HCC with significant multifocal
lymphoplasmacytic infiltrate (H & E, 200x). (D) HCC with mild inflammatory infiltration (H & E,
200x).
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Table 5. KIR genotype frequencies and tumor inflammatory infiltrate.

Frequency in Tumors

Genotype

D With Infiltration Without Infiltration p-Value
(n=21) (n = 26)
1 2(9.52) 0 (0.00) 0.19
2 1(4.76) 3 (11.54) 0.4
4 3(14.28) 1(3.85) 0.2
5 2(9.52) 3 (11.54) 0.82
6 2(9.52) 8 (30.77) 0.07
7 2(9.52) 1(3.85) 0.42
8 0 (0.00) 1(3.85) 1
18 1(4.76) 0 (0.00) 0.45
19 1(4.76) 1(3.85) 0.8
21 0 (0.00) 1(3.85) 1
28 0 (0.00) 1(3.85) 1
30 1(4.76) 0 (0.00) 0.45
71 2(9.52) 0 (0.00) 0.19
73 0 (0.00) 1(3.85) 1
81 0 (0.00) 2(7.69) 0.49
90 0 (0.00) 1(3.85) 1
93 0 (0.00) 1(3.85) 1
167 1(4.76) 0 (0.00) 0.45
294 1(4.76) 0 (0.00) 0.45

Absolute numbers represent frequency. The numbers in parentheses represent percentages.

4. Discussion

The results of the present work suggest that the G1 KIR genotype, which is an AA
haplotype, has a potential role in the prevention of progression of chronic HCV to HCC.
No other AA haplotypes were observed in our cohort. This finding is contrary to an earlier
report by Littera et al. 2013 who reported a 50% (36/72) frequency of KIR haplotype AA in
Italian HCV patients progressing to HCC compared to only 25.6% (40/156) of HCV patients
not progressing to HCC [12]. The difference was statistically significant (p < 0.00001). HCV
genotype difference between the Egyptian and Italian patients is not likely the cause of
such discrepancy as the HCV-Genotype 4 patients in the Italian cohort (22% of the total)
had the highest overall risk for development of HCC. The most likely explanation of such a
discrepancy is the type of treatment the patients received prior to progression to HCC. For
the Italian cohort, 63% of the patients were treated by interferon-alpha-based therapies. On
the contrary, of our cohort, 60.2% received no prior treatment, 31.3% received direct-acting
antiviral (DAA) therapy, and only 8.4% received interferon-based therapies. This suggests
that HCV patients with haplotype AA are less likely to progress to HCC with either no
treatment or DAA therapies. Our results suggest that KIR allelotype could be used as a
prognostic marker for HCV patients on DAA therapy. However, further validation of this
observation in an independent cohort with various HCV-genotypes is recommended. The
KIR diversity between different populations reported by other groups [13,14] is not a likely
explanation as there was no statistically significant difference between the frequency of KIR
allelotype in the non-cancer HCV patients in the Italian cohort and the Egyptian cohort
(25.6% vs. 27%, p = 0.8843).

In reported populations (www.allelefrequencies.net, accessed on 15 May 2023), KIR G1
was observed in 170/171 with overall frequency of 26.6%, which is similar to the frequency
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in our control and HCV cohorts. KIR AA haplotype was associated with a protective
role against certain studied liver and non-liver diseases. Yindom et al. in 2017 reported
that telomeric KIR AA haplotype was associated with reduced risk of e antigenemia and
lower viral load, and heterozygosity KIR haplotype (AB) was associated with clearance
of hepatitis B virus surface antigen (HBsAg). Moreover, KIR3DS1 was associated with
positive HBeAg patients [15]. In line with this, La Nasa et al. in 2016 studied classic
Hodgkin lymphoma and found that the KIR AA haplotype alone or in combination with
HLA-C1 had a protective effect against progression of the disease [16]. In addition, Barani
et al., recently gave evidence for the protective role of KIR AA haplotype and deleted form
of KIR2DS4 in head and neck squamous cell carcinoma (HNSCC) in Iranians, and found
that KIR2DS1, 2DS5, 3DS1, 2DL5, and CxT4 were the risk factors [17].

The KIR haplotype A has highly variable alleles and constant genes content that
enforce immune surveillance against viral infection, while haplotype B contains less allelic
polymorphism, and variable genes content have a substantial role in immune-tolerance
during gestation [18]. We did not observe a significant difference in the immune cellular
infiltrate in tumor tissues with and without the KIR G1 (haplotype AA). However, G4 KIR,
which is another genotype with a predominance of inhibitory KIR genes, was significantly
associated with strong intra-tumor inflammatory cells infiltration. On the other hand,
the frequency of G6 that contained all 16 KIR genes (including all activating genes) was
significantly higher in samples of HCC patients compared to the healthy subjects.

These findings suggest that KIR genotypes containing predominantly inhibitory genes
may prevent HCC progression via mechanisms that enhance cytotoxicity against tumors.
The licensing process may have an influence on this effector function during NK cells’
maturation at the developmental stages [19]. Yu et al., 2007 reported that within NK cells’
repertoires, the NK cells that have multiple inhibitory KIR receptors for self HLA ligands
have a synergistic effect of licensing leading to an increase in their effector capacity [20]. Fur-
thermore, patients with highly licensed NK cells demonstrate a robust immune-surveillance
that acts as a potent immune effector against intrahepatic metastasis and de novo carcino-
genesis when compared to patients with poorly licensed NK cells [21]. On the other
hand, the unlicensed NK cells lack inhibitory receptors to self and their effector function
is mediated by an antibody-dependent cellular cytotoxicity (ADCC) mechanism [22]. In
this context, previous studies comparing peripheral and liver NK cells reported that the
latter exhibit a more potent cytotoxicity against tumors including HCC. This potency is
achieved by using a tumor-necrosis factor-related apoptosis-inducing ligand-mediated
(TRAIL) mechanism [23]. On the genetic and molecular level, the cumulative risk for HCC
recurrence was lower in patients with one or two compound genotypes, than in patients
with at least three compound genotypes of KIR2DL1-C2, KIR2DL2-C1, KIR3DL1-BW4, or
KIR3DL2-A3/11, which are essential to NK cells’ licensing [24-26].

De Re et al., 2015 found that the G4 KIR genotype is more frequent in patients with
HCV-lymphoproliferative than chronic hepatitis C patients and patients without HCV
infection [27]. This genotype is distinct from the G1 KIR genotype by the presence of
the KIR2DS2 gene linked to the KIR2DL2 gene through strong disequilibrium linkage
(DL). They suggested that the concurrent presence of KIR2DL2 and KIR2DL3 directs HCV
progression toward lymphoproliferative disorders. Our results showed that frequency
of G4 was higher in HCC patients than the non-HCC groups, while G1 frequency was
reduced in the HCC group compared to the non-HCC groups. However, we should note
that in our study we observed slightly lower frequencies of KIR3DL1 and KIR2DS4 in
HCC patients than in chronic hepatitis C patients while they were higher in the De Re et al.
study [27], suggesting a difference in the two populations. Also, Parham in 2004 reported
that the absence of KIR2DL2, which has higher affinity for HLA-C1 than KIR2DL3, makes
the homozygosity of KIR2DL3/HLA-C1 exert weak inhibition on NK cells, so they will be
more easily activated by HCV viral infection [28]. In our study, we found that the frequency
of KIR2DL2 was higher in HCC subjects than in both chronic HCV and healthy control
groups (Table 4). Although we did not assess the homozygosity for KIR2DL2 and KIR2DL3,
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our findings were seemingly consistent with Parham’s interpretation suggesting that the
KIR2DL2 gene may be associated with HCV resistance and progression to HCC.

Pan et al. demonstrated that HCC incidence in HBV-related HCC patients was associ-
ated with the presence of combined full-length KIR2DS4 and 22 bp-deleted forms (ID) along
with HLA-C1 and HLA-Bw4I80 [29]. However, in our cohort we did not find significant
differences between the combined KIR2DS4/ID in HCC patients and the controls. This may
suggest that contrary to HBV infection the combination of KIR2DS4 /1D is not associated
with HCC in HCV infection.

Kawarabayashi et al., demonstrated that patients with HCV-related cirrhosis and de-
creased numbers of CD65+NKT cells have a high risk of developing HCC. They concluded
that this was due to a reduction in NK cytotoxicity generated by KIR inhibitory signals and
an absence or low numbers of activating KIR receptors [30]. In line with this, Littera et al.,
demonstrated that the frequency of KIR3DS1/HLA-Bw4 combination was much lower in
patients with HCV-associated hepatocellular carcinoma than in healthy control subjects,
suggested a protective role of KIR3DS1/HAL-Bw4 combination against HCC progression
from cirrhotic HCV infection through enhancement of NK cell cytotoxicity [12]. However,
we found that the frequency of KIR3DS1 was higher in HCC patients than in the non-HCC
groups, and we did not find a difference in frequency of the deleted variant of KIR2DS4
among the studied groups, suggesting a hypothesis that there are host factors other than
KIR3DS1 that may have a potential role in controlling HCC progression (Tables 3 and 4).

5. Conclusions

In conclusion, we described the first analysis of Egyptian KIR genotypes from a liver-
disease-associated population in the Nile Delta region. The findings of this study revealed
that KIR haplotype AA represented by KIR G1 that contains dominantly inhibitory genes
has an important role in host defense against HCC progression, in particular in patients
treated by non-interferone-based therapies. Further validation study in an independent
cohort is recommended.

Author Contributions: W.A. performed experimental work, carried out preliminary analysis and
wrote the manuscript; M.H.A -R. study design, pathological analysis, editing of the final manuscript
and overall supervision; D.M.: pathological analysis, reviewed and approved final manuscript;
M.A.S.K.: patients” accrual, participated in study design, reviewed and approved final manuscript;
S.E. (deceased): study design, statistical analysis, reviewed and approved near final manuscript
draft; .M.: statistical analysis, reviewed and approved final manuscript; K.A.E.-H. and W.S.A.-M.
supervised the experimental work, reviewed and approved final manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by a grant from the Sustainable Sciences Institute (SSI), San
Francisco, California, USA.

Institutional Review Board Statement: This study was conducted under an IRB (IRB No: 0051/2012)
approved protocol of the National Liver Institute (NLI), Menoufia University.

Informed Consent Statement: All participants in this study gave written informed consents for
inclusion in the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the institution’s human research committee.

Data Availability Statement: Dataset available from the corresponding author at mohamed.abdel-
rahman@osumc.edu.

Acknowledgments: This project was supported and fully funded by the Sustainable Sciences Institute
(SSI). The late Sameera Ezzat contributed to the study design, data analysis, and reviewed a near
final draft of the manuscript. The authors would like to thank all staff of the National Liver Institute-
Sustainable Sciences Institute Collaborative Research Center (NLISSICRC) for their invaluable help.

Conflicts of Interest: No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.



Livers 2023, 3 367

References

1. Ibrahim, A.S.; Khaled, H.M.; Mikhail, N.N.; Baraka, H.; Kamel, H. Cancer incidence in egypt: Results of the national population-
based cancer registry program. J. Cancer Epidemiol. 2014, 2014, 437971. [CrossRef] [PubMed]

2. Ministry of Health and Population [Egypt]. El-Zanaty and Associates [Egypt] and ICF International. In 2015 Egypt Health Issues
Survey; Ministry of Health: Cairo, Egypt; Population and ICF International: Rockville, MD, USA, 2015.

3. Kanwal, F; Khaderi, S.; Singal, A.G.; Marrero, ]J.A.; Loo, N.; Asrani, S.K.; Amos, C.I; Thrift, A.P.; Gu, X.; Luster, M.; et al. Risk
factors for HCC in contemporary cohorts of patients with cirrhosis. Hepatology 2023, 77, 997-1005. [CrossRef]

4. Peng, H.; Wisse, E.; Tian, Z. Liver natural killer cells: Subsets and roles in liver immunity. Cell Mol. Immunol. 2016, 13, 328-336.
[CrossRef]

5. Martin, A.M.; Freitas, EM.; Witt, C.S,; Christiansen, FT. The genomic organization and evolution of the natural killer
immunoglobulin-like receptor (KIR) gene cluster. Immunogenetics 2000, 51, 268-280. [CrossRef]

6. Trowsdale, J.; Parham, P. Mini-review: Defense strategies and immunity-related genes. Eur. |. Immunol. 2004, 34, 7-17. [CrossRef]
[PubMed]

7.  Gonzalez-Galarza, EE; Christmas, S.; Middleton, D.; Jones, A.R. Allele frequency net: A database and online repository for
immune gene frequencies in worldwide populations. Nucleic. Acids. Res. 2011, 39, D913-D919. [CrossRef]

8.  Lanier, L.L,; Corliss, B.C.; Wu, J.; Leong, C.; Phillips, ].H. Immunoreceptor DAP12 bearing a tyrosine-based activation motif is
involved in activating NK cells. Nature 1998, 391, 703-707. [CrossRef]

9.  Martin, M.P,; Carrington, M. KIR Locus lymorphisms Genotyping and Disease Association Analysis. In Methods in Molecular
Biology; Ewbank, E., Vivier, E., Eds.; Innate immunity; Humana Press: Totowa, NJ, USA, 2008. [CrossRef]

10. Gomez-Lozano, N.; Vilches, C. Genotyping of human killer-cell immunoglobulin-like receptor genes by polymerase chain reaction
with sequence-specific primers: An update. Tissue Antigens 2002, 59, 184-193. [CrossRef]

11. Hayashi, A.; Shibahara, J.; Misumi, K.; Arita, J.; Sakamoto, Y.; Hasegawa, K.; Kokudo, N.; Fukayama, M. Histologic Assessment
of Intratumoral Lymphoplasmacytic Infiltration Is Useful in Predicting Prognosis of Patients with Hepatocellular Carcinoma.
PLoS ONE 2016, 11, e0155744. [CrossRef]

12. Littera, R.; Zamboni, F,; Tondolo, V.; Fantola, G.; Chessa, L.; Orru, N.; Sanna, M.; Valentini, D.; Cappai, L.; Mulargia, M.; et al.
Absence of activating killer immunoglobulin-like receptor genes combined with hepatitis C viral genotype is predictive of
hepatocellular carcinoma. Hum. Immunol. 2013, 74, 1288-1294. [CrossRef]

13. Castrillon, M.; Marin, N.D.; Karduss-Urueta, A.J.; Velasquez, S.Y.; Alvarez, C.M. Killer-Cell Inmunoglobulin-like Receptor
Diversity in an Admixed South American Population. Cells 2022, 11, 2776. [CrossRef]

14. Shen, C.; Ge, Z;; Dong, C.; Wang, C.; Shao, J.; Cai, W.; Huang, P,; Fan, H.; Li, ].; Zhang, Y.; et al. Genetic Variants in KIR/HLA-C
Genes Are Associated With the Susceptibility to HCV Infection in a High-Risk Chinese Population. Front. Immunol. 2021, 12,
632353. [CrossRef] [PubMed]

15.  Yindom, L.M.; Mendy, M.; Bodimeade, C.; Chambion, C.; Aka, P.; Whittle, H.C.; Rowland-Jones, S.L.; Walton, R. KIR content
genotypes associate with carriage of hepatitis B surface antigen, e antigen and HBV viral load in Gambians. PLoS ONE 2017,
12, e0188307. [CrossRef]

16. La Nasa, G.; Greco, M,; Littera, R.; Oppi, S.; Celeghini, I.; Caria, R.; Lai, S.; Porcella, R.; Martino, M.; Romano, A.; et al. The
favorable role of homozygosity for killer immunoglobulin-like receptor (KIR) A haplotype in patients with advanced-stage classic
Hodgkin lymphoma. J. Hematol. Oncol. 2016, 9, 26. [CrossRef] [PubMed]

17. Barani, S.; Khademi, B.; Ashouri, E.; Ghaderi, A. KIR2DS1, 2DS5, 3DS1 and KIR2DL5 are associated with the risk of head and
neck squamous cell carcinoma in Iranians. Hum. Immunol. 2018, 79, 218-223. [CrossRef]

18. Parham, P; Moffett, A. Variable NK cell receptors and their MHC class I ligands in immunity, reproduction and human evolution.
Nat. Rev. Immunol. 2013, 13, 133-144. [CrossRef]

19. Cariani, E; Missale, G. KIR/HLA immunogenetic background influences the evolution of hepatocellular carcinoma.
Oncoimmunology 2013, 2, e26622. [CrossRef] [PubMed]

20. Yu, ].; Heller, G.; Chewning, J.; Kim, S.; Yokoyama, W.M.; Hsu, K.C. Hierarchy of the human natural killer cell response is
determined by class and quantity of inhibitory receptors for self-HLA-B and HLA-C ligands. J. Immunol. 2007, 179, 5977-5989.
[CrossRef]

21. Beziat, V,; Traherne, J.A.; Liu, L.L.; Jayaraman, J.; Enqvist, M.; Larsson, S.; Trowsdale, J.; Malmberg, K.J. Influence of KIR gene
copy number on natural killer cell education. Blood 2013, 121, 4703-4707. [CrossRef]

22. Tarek, N.; Le Luduec, ].B.; Gallagher, M.M.; Zheng, ].T.; Venstrom, ].M.; Chamberlain, E.; Modak, S.; Heller, G.; Dupont, B.;
Cheung, N.K.V; et al. Unlicensed NK cells target neuroblastoma following anti-GD2 antibody treatment. J. Clin. Investig. 2012,
122, 3260-3270. [CrossRef]

23. Tanimine, N.; Ohdan, H. Impact of multiplicity of functional KIR-HLA compound genotypes on hepatocellular carcinoma.
Oncoimmunology 2015, 4, €983765. [CrossRef]

24. Ursu, L.D,; Calenic, B.; Diculescu, M.; Dima, A.; Stoian, I.T.; Constantinescu, I. Clinical and histopathological changes in different
KIR gene profiles in chronic HCV Romanian patients. Int. |. Immunogenet. 2021, 48, 16-24. [CrossRef]

25. Umemura, T; Joshita, S.; Saito, H.; Wakabayashi, S.I.; Kobayashi, H.; Yamashita, Y.; Sugiura, A.; Yamazaki, T.; Ota, M. Investigation

of the Effect of KIR-HLA Pairs on Hepatocellular Carcinoma in Hepatitis C Virus Cirrhotic Patients. Cancers 2021, 13, 3267.
[CrossRef]


https://doi.org/10.1155/2014/437971
https://www.ncbi.nlm.nih.gov/pubmed/25328522
https://doi.org/10.1002/hep.32434
https://doi.org/10.1038/cmi.2015.96
https://doi.org/10.1007/s002510050620
https://doi.org/10.1002/eji.200324693
https://www.ncbi.nlm.nih.gov/pubmed/14971025
https://doi.org/10.1093/nar/gkq1128
https://doi.org/10.1038/35642
https://doi.org/10.1007/978-1-59745-570-1_3
https://doi.org/10.1034/j.1399-0039.2002.590302.x
https://doi.org/10.1371/journal.pone.0155744
https://doi.org/10.1016/j.humimm.2013.05.007
https://doi.org/10.3390/cells11182776
https://doi.org/10.3389/fimmu.2021.632353
https://www.ncbi.nlm.nih.gov/pubmed/34220799
https://doi.org/10.1371/journal.pone.0188307
https://doi.org/10.1186/s13045-016-0255-4
https://www.ncbi.nlm.nih.gov/pubmed/26983546
https://doi.org/10.1016/j.humimm.2018.01.012
https://doi.org/10.1038/nri3370
https://doi.org/10.4161/onci.26622
https://www.ncbi.nlm.nih.gov/pubmed/24501686
https://doi.org/10.4049/jimmunol.179.12.8570-a
https://doi.org/10.1182/blood-2012-10-461442
https://doi.org/10.1172/JCI62749
https://doi.org/10.4161/2162402X.2014.983765
https://doi.org/10.1111/iji.12515
https://doi.org/10.3390/cancers13133267

Livers 2023, 3 368

26.

27.

28.
29.

30.

Tanimine, N.; Tanaka, Y.; Kobayashi, T.; Tashiro, H.; Miki, D.; Imamura, M.; Aikata, H.; Tanaka, J.; Chayama, K.; Ohdan,
H. Quantitative Effect of Natural Killer-Cell Licensing on Hepatocellular Carcinoma Recurrence after Curative Hepatectomy.
Cancer Immunol. Res. 2014, 2, 1142-1147. [CrossRef]

De Re, V.; Caggiari, L.; De Zorzi, M.; Repetto, O.; Zignego, A.L.; I1zzo, F,; Tornesello, M.L.; Buonaguro, EM.; Mangia, A.; Sansonno,
D.; et al. Genetic Diversity of the KIR/HLA System and Susceptibility to Hepatitis C Virus-Related Diseases (vol 10, e0117420,
2015). PLoS ONE 2015, 10, e0128849. [CrossRef]

Parham, P. NK cells lose their inhibition. Science 2004, 305, 786-787. [CrossRef] [PubMed]

Pan, N.; Jiang, W.; Sun, H.; Miao, EQ.; Qiu, J.; Jin, H.; Xu, J.H,; Shi, Q.; Xie, W.; Zhang, ].Q. KIR and HLA Loci Are Associated
with Hepatocellular Carcinoma Development in Patients with Hepatitis B Virus Infection: A Case-Control Study. PLoS ONE 2011,
6, €25682. [CrossRef] [PubMed]

Kawarabayashi, N.; Seki, S.; Hatsuse, K.; Ohkawa, T.; Koike, Y.; Aihara, T.; Habu, Y.; Nakagawa, R.; Ami, K.; Hiraide, H.; et al.
Decrease of CD56+T cells and natural killer cells in cirrhotic livers with hepatitis C may be involved in their susceptibility to
hepatocellular carcinoma. Hepatology 2000, 32, 962-969. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1158/2326-6066.CIR-14-0091
https://doi.org/10.1371/journal.pone.0128849
https://doi.org/10.1126/science.1102025
https://www.ncbi.nlm.nih.gov/pubmed/15297654
https://doi.org/10.1371/journal.pone.0025682
https://www.ncbi.nlm.nih.gov/pubmed/21998681
https://doi.org/10.1053/jhep.2000.19362
https://www.ncbi.nlm.nih.gov/pubmed/11050046

	Introduction 
	Materials and Methods 
	Study Subjects 
	DNA Extraction 
	KIR Genotyping 
	KIR2DS4 Analysis 
	Histological Assessment of Inflammatory Cells Infiltration in HCC Tumors 
	Statistical Data Analysis 

	Results 
	Frequencies of KIR Genes and Genotypes in the Studied Populations 
	Correlation between the Degree of Inflammatory Infiltration in the Tumor and KIR Genes 

	Discussion 
	Conclusions 
	References

