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INTRODUCTION

Liver transplantation (LT) is a standard therapy for

ABSTRACT

Background: FOXP3 gene, is a major regulator of T-regulatory (Treg) cells that have a
critical role in immune responses to alloantigens and acute cellular rejection (ACR)
after liver transplantation (LT). Objectives: To investigate the role of FOXP-3
rs3761548 gene polymorphism on ACR after LT and to determine the relation between
the circulating CD4*CD25"FOXP-3"Treg cells, and infection on the severity of ACR.
Methodology: Blood samples were obtained from 60 allograft liver recipients and 20
healthy volunteers. FOXP-3 (rs3761548) polymorphism was studied using polymerase
chain reaction (PCR) and restriction fragment length polymorphism (RFLP).
Flowcytometry was used to enumerate circulating CD4"CD25"FOXP-3"Treg cells in
peripheral blood of liver transplant recipients. Results: Bacterial and candida infections
were more significantly detected in liver transplant recipients with ACR. A significant
predominance of the AA genotype and the A allele of FOXP3 gene (rs3761548) was
found in liver transplant recipients with compared to those without ACR. Highly
significant reduction in percentage and count of CD4*and Treg cells were demonstrated
in the liver transplant recipients with ACR. A significant negative correlation was
detected between degree of ACR and percentage and count of Treg cells. Conclusion:
Genetic polymorphism of FOXP-3 (rs3761548) and decreased percentage and count of
Treg cells were associated with ACR. Carriers of the AA genotype and the A allele were
more liable to severe degree of ACR after LT.

specific markers CD4%,CD25" and FOXP-3*°. In
transplantation, these cells play a role in the suppression
of donor-activated effector T-cells, in tolerance
induction and preferential accumulation of Treg cells in

patients with end-stage liver diseases such as acute liver
failure, chronic liver disease with advanced cirrhosis,
hepatocellular carcinoma, and liver-based metabolic
defects’. Acute cellular rejection (ACR) occurs in 25-
50% of all liver transplant recipients within the first
year after transplantation and the first sign is usually
elevated liver function test results®. Rejection is
accurately diagnosed by fine needle liver biopsy to
determine the degree of rejection based on Banff
schema®. Infectious complications are major causes of
morbidity and mortality after LT; bacterial infections
are the most frequent predominating during the first two
months post transplantation and affect patient and graft
survival®.

T-regulatory (Treg) cells, which express the
transcription factor forkheadbox P3 (FOXP3), express

liver allografts®. Development and function of Treg cells
are controlled by FOXP3 gene, which acts on certain
genes to regulate expression of cell surface molecules
on Treg cells and inhibit transcription of inflammatory
cytokines®.

FOXP3 gene —3279C/A polymorphism may cause
Treg dysfunction®. In addition, it may have a critical
role in immune responses to alloantigens and may be
associated with severity of alloimmune responses after
organ transplantation’.

The aim of this study is to determine the relation
between Treg cells, FOXP3 gene —3279C/A rs3761548
polymorphism; and severity of ACR in liver transplant
recipients.
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METHODOLOGY

Study participants:

The present study was carried out in the period from
November 2017 to December 2019 in the Microbiology
and Immunology Departments, Faculty of Medicine and
National Liver Institute (NLI) in collaboration with
Liver Transplantation Unit, NLI, Menoufia University.
It included 60 liver transplant recipients who were
classified into two groups: group I; 30 patients with
ACR and group II; 30 patients without ACR. In
addition, 20 age- and gender-matched apparently
healthy volunteers served as a control group (group Il1).
All participants in this study were subjected to full
history taking and laboratory investigations. All
transplant recipients received immunosuppressive drugs
based on the NLI policy [combinations of tacrolimus or
cyclosporine, steroids and mycophenolate mofetil
(MMPF)]?. Classification of ACR regarding its severity
was performed according to Banff Schema®. The study
protocol was approved by Ethical Committee of Faculty
of Medicine. Informed consents were obtained from all
participants.

Microbial isolation and identification:

Clinical samples; blood (10 ml), urine, stool, ascitic
fluid (10 ml), sputum and wound swabs were collected
from the transplant recipients under aseptic technique
during the first month after surgery. For blood and
ascitic fluid samples; BacT/ALERT 3D Microbial
Detection System was used (bioMérieux, Durham,

N.C.). The growing microorganisms were identified by
the standard microbiological methods and by VITEK2-
Compact system (bioMerieux, France)®*.

Counting of the circulating CD4"'CD25"FOXP-3"T-
regulatory cells by Flowcytometry:

For each sample (2 ml of EDTA-treated peripheral
blood), two tubes were prepared; the first one for
detection of CD4"CD25"FOXP-3"Treg cells using anti-
CD4-PerCP, anti-CD25-FITC and anti-FOXP3-PE
(MACS, Miltenyi Biotec, USA). The second tube
(autocontrol) was used to exclude the cell auto-
fluorescence. Two ul of each monoclonal antibody were
added to 100 ul of blood (with TLC adjusted to 5-10 x
10¥mm?). Cells were washed by adding 1-2 mL of
buffer and centrifuged at 300xg for 10 minutes, then
cells were stained with anti-CD4-PerCP, anti-CD25-
FITC according to the Manufacturer's
recommendations. About 1-2 mL of buffer was added
followed by centrifugation at 300xg for 10 minutes.
Then, 100 pL of cold, freshly prepared
fixation/permeabilization solution was added. After
mixing, incubation was done in the dark at 2—8°C for 30
minutes. Then, 100 ul of the lysing solution and anti-
FOXP3-PE were added and incubated for 10 minutes at
room temperature followed by washing by 2 ml
phosphate buffer saline azide. Cells were resuspended in
100 pL of sheath fluid solution and subjected to analysis
by Flowcytometry (Becton Dickinson, San Jose, CA)™.

(Fig. 1).
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Fig.1: Flowcytometric analysis of CD4"CD25"FOXP-3"Treg cells in liver transplant recipient with (A1, 2) and without

(B1,2) ACR.

— CD4-FITC and CD25-PerCP double positive cells in the upper right quadrant (Al and B1).
— Analysis of double positive cells for FOXP3-PE expression: the sum of upper and lower right quadrants (A2 and B2).
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Detection of FOXP-3 -3279 rs3761548 gene
polymorphism by PCR-RFLP:

Genomic DNA was extracted from 2 ml of EDTA-
treated peripheral blood using QIAGEN DNA
extraction kit according to the Manufacturer’s
instructions. PCR amplification was performed on
thermal cycler (BioRad, USA Biometra) in a final
volume of 25 ul containing: Master mix (12.5 pl)
(MyTaq™ Red Mix (Bioline, UK), nuclease-free water
(0.5 pl) and the extracted DNA (10 pl), and 1.0 pl (10

pumol/L) of: forward primer: 5'-
GCCCTTGTCTACTCCACGCCTCT-3, reverse primer
5-CAGCCTTCGCCATACAGAGCC-3. The

amplification steps were initial denaturation at 98°C for
1 minute, followed by 35 cycles which consisted of;

(bp)

500
*400
300

200
100

denaturation at 98°C for 30 seconds, annealing at 67°C
for 30 seconds and extension at 72°C for 1 minute, and
then a final extension at 72°C for 7 minutes. The
amplification products were digested with a specific
restriction enzyme (Pstl) (Thermo Scientific™ Catalog
number: ER0611) as follows: Nuclease-free water (6.5
pl), 2.5 pl 10X NEBuffer (New England BioLabs,
Hitchin, UK), 1 ul Pstl (10 U/uL) and 10 pl DNA
amplification product were mixed and kept at 37°C
overnight. The 100 bp ladder and restriction products
(10 pl) were loaded into appropriate wells.
Electrophoresis on 2% agarose gel containing ethidium
bromide was done. Bands were visualized under UV
trans-illumination and photographed by a polaroid
camera’. (Fig.2)

Fig.2: Agarose gel electrophoresis shows FOXP3 gene —3279C/A rs3761548 polymorphism. Lane (1) 100 bp DNA
ladder. Lanes (3, 6, 9 and 10) show AA homozygote genotype at (487 bp). Lanes (4 and 7) show CC homozygote
genotype (158, 329 bp). Lanes (5 and 8) show A/C heterozygote genotype (158, 329 and 487 bp).

Statistical analysis:

Data were collected, tabulated, and statistically
analyzed using an IBM personal computer with
Statistical Package of Social Science (SPSS) version 22
(SPSS, Inc, Chicago, Illinois, USA) Chi-square,
Student’s test, Kruskal-Wallis and  correlation
coefficient tests were done at 0.05% level of
significance.

RESULTS

Clinical data and microbial infections in the studied
patients:

Table (1); shows that the age of liver transplant
recipients with severe ACR was younger than that of
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recipients with mild and moderate ACR. All liver
transplant recipients with severe ACR and 92.9% with
moderate ACR had severe symptoms of liver affection.
However, there was no difference regarding other
demographic data.

The types of infections are shown in table (2).
Bacterial infections were detected in 76.7% of
transplant recipients with ACR and in 46.7% of those
without ACR. The commonest infection types were
chest (30%) followed by blood stream (26.6%) and the
predominant organism was Klebsiella pneumoniae
(22.5%). Bacterial and fungal co-infections were present
among 26.7% and 16.7% of transplant recipients with
and without ACR respectively. However, there was no
significant difference between the two groups.
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Table 1: Degree of ACR in relation to demographic data among liver transplant recipients with ACR

Studied variables Degree of ACR
Mild Moderate Severe Test of P value
(N=12) (N=14) (N=4) significance.
No. [ % No. | % No. | %
Age (years) K=
Mean +SD 52.1+6.91 46.4+7.37 28.7+7.13 116 0.003™
Range 38-60 35-58 23 -39
Sex TX2= 0.690
Male 10 83.3 12 85.7 4 100 0.742
Female 2 16.7 2 14.3 0 0.00
Donor degree
- First 4 333 4 28.6 3 75.0 X2= 0.397
- Second 4 333 7 50.0 1 25.0 4.06
- Third 4 33.3 3 21.4 0 0.00
Clinical presentation
- No symptoms 0 0.00 0 0.00 0 0.00
- Fatigue and itching 6 50.0 0 0.00 0 0.00 X2= 0.007™
- Fever and abdominal pain 3 25.0 1 7.10 0 0.00 13.1
- Fever, jaundice, abdominal pain and 3 25.0 13 92.9 4 100
ascitis
Immunosuppressive regimen
- Tacrolimus+ steroids 4 333 1 7.10 0 0.00
- Cyclosporine+ steroids 4 33.3 6 429 1 25.0 X2= 0.511
- Tacrolimus+ steroids +MMF™" 1 8.30 3 21.4 1 25.0 5.26
- Cyclosporine+ steroids +MMF 3 25.0 4 28.9 2 50.0
K:Kruskal-Wallis test "~ X2:Chi squared test P <0.01=highly significant "~ Mycophenolate mofetil
Age was significantly younger in patients with severe compared to mild or moderate degrees of ACR.
Table 2: Types and sites of infections among the liver transplant recipients
(GI) (G
studied variables Recipients with Recipients without Test of P value
ACR (N=30) ACR (N=30) significance
No. % No. % X2
Infection
Present 23 76.7 14 46.7 5.71 0.016"
Absent 7 23.3 16 53.3
Type of bacterial infection N=23 N=14
- Single 11 47.8 9 64.3 0.95 0.329
- Multiple 12 52.2 5 35.7
Site of infection N=30 N=18
- Blood stream 8 26.7 5 27.8
- Surgical site 6 20.0 4 222
- Chest 9 30.0 5 27.8 2.38 0.665
- Intra-abdominal 3 10.0 0 0.00
- Urinary tract 4 13.3 4 22.2
Isolated organisms N=40 N=22
Gram-ve bacteria 22 55.0 11 50.0
- Klebsiella pneumoniae 9 225 4 18.2
- E. coli 5 125 2 9.10 0.20 0.904
- Pseudomonas aeruginosa 4 10.0 2 9.10
- Acinetobacter baumannii 4 10.0 3 13.6
Gram-+ve bacteria 9 225 6 27.3
- Staph. aureus 6 15.0 4 18.2
- Staph. epidermidis 3 7.50 2 9.10
Fungal infection (candida albicans) 9 22.5 5 22.7
Bacterial and fungal coinfection
Present 8 26.7 5 16.7 0.884 0.347
Absent 22 73.3 25 83.3

“P<0.05=significant "~ X2:Chi squared test
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Number and site of infections exceed the actual
number of cases because of multiple infection sites and
co-infection with more than one organism in the same
patient.

CD4"cells and Treg cells among the studied groups:

The percentage and count of both CD4and Treg
cells were significantly (P<0.001) lower in liver

transplant recipients with compared to those without
ACR. They were also significantly (P=0.001) lower in
liver transplant recipients than healthy volunteers (table
3). Negative correlations were found between the degree
of rejection and the count and percentage of CD4and
Treg cells. (table 4).

Table 3: CD4 and Treg cells among the studied groups.

(GI) (G) (G1I1) Test of
Studied Recipients with Recipients Normal significance Post hoc test
variables ACR without ACR controls K
(N=30) (N=30) (N=20)
CD4 cells
P1:0.001"
-Percentage P2: 0.001"
Mean +SD 9.13+6.39 20.9+10.4 42.1+7.52 75.0 P3:0.001"
P=0.001"
-Count P1:0.001"
Mean £SD 168.1+20.1 306.9+£181.9 931.5+£198.2 75.7 P2:0.001"
P=0.001" P3: 0.001"
Treg cells
P1:0.002"
-Percentage 20.2 P2: 0.001"
Mean +SD 2.41+1.29 5.27+4.43 3.55+2.77 P=0.001" P30.001"
-Count 30.5 P1:0.008
Mean +SD 37.1+30.1 72.4455.9 48.9+25.2 P=0.001" P2:0.001"
P3:0.002

"P<0.01=Highly significant

**K:Kruskal Wallis test

P1: Group I vs. group I1, P2: Group I vs. group 111, P3: Group Il vs. group I11.

— The normal range of CD4"cells percentage and count are 25-60% and 600-1200/cmm respectively.

— The normal range of Treg cells percentage and count are 1-6% and 60-150/cmm respectively.

Significant differences were detected in the count and percentage of both CD4"and Treg cells among the 3 studied

groups.

Infections were more significantly (P<0.05) detected among patients with compared to those without ACR.

However, there was no difference regarding the site or type of the detected organisms.

Table (4): Correlation between the degree of ACR and percentage and count of CD4"and Treg cells

Studied variables Degree of ACR (GI)
R P value
CD4cells
-Percentage -0.499 0.005™
- Count -0.443 0.014"
Treg cells
-Percentage -0.434 0.017"
- Count -0.408 0.025"

"P<0.05=Significant

There were significant negative correlations between the degree of ACR, and percentage and count of CD4"and

Treg cells.
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FOXP3 gene polymorphism:

The FOXP3 gene —3279C/A rs3761548 genotypes
and gene alleles in the studied groups are presented in
table (5) and Fig.(2). The frequency of the AA genotype
and the A allele were significantly higher (P<0.05) in
liver transplant recipients with ACR (66.7% and 71.7%
respectively) than those without ACR, while the CC
genotype and the C allele were more significantly
predominant (P=0.001) in healthy volunteers (70% and

72.5% respectively). Similarly, the presence of the AA
genotype and the A allele were more significantly
(P<0.01) related to severity of ACR (table 5). Gene
polymorphism was the only predictor for transplant
rejection among the liver transplant recipients;
presences of the AA genotype increased the risk for
ACR 3.43 times more than the AC genotype and 10
times more than the CC genotype (P<0.05) (table 6).

Table 5: The FOXP3 gene —3279C/A rs3761548 polymorphism and gene alleles among the studied groups and

their relation to the degree of ACR.

Studied variables (1)) ((c1l)] (Gl
Recipients with Recipients without Normal controls Test of Post hoc test
ACR (N=30) ACR (N=30) (N=20) significance
No. % No. % No. % X2
FOXP3 genotype
AA 20 66.7 9 30.0 5 25.0 8.11 P1:0.017"
AC 3 10.0 7 233 1 5.00 10.5 P2:0.004™
cC 7 23.3 14 46.7 14 70.0 0.93 P3:0.149
FOXP3 alleles
A 43 71.7 25 41.7 11 275 11.0 P1:0.001™
C 17 28.3 35 58.3 29 725 16.8 P2:0.001"
1.40 P3:0.148
Degree of ACR (GI) -
Mild (N=12) Moderate (N=14) Severe (N=4) X2 Post hoc test
No. % No. % No. %
FOXP3 genotype
AA 4 333 12 85.7 4 100 11.2 P4:0.003™
AC 1 8.30 2 14.3 0 0.00 5.33 P5:0.069
CC 7 58.4 0 0.00 0 0.00 0.64 P6:0.422
FOXP3 alleles N=24 N=28 N=8
A 9 375 26 92.9 8 100 18.0 P4:0.001™
C 15 62.5 2 7.10 0 0.00 9.41 P5:0.002"
0.61 P6:0.436
“P<0.05=Significant "P<0.01=Highly significant "~ X2:Chi squared test
P1: Group | vs Group Il, P2: Group I vs Group Il1, P3: Group Il vs Group |1, P4: mild vs moderate ACR,
P5: mild vs severe ACR, P6: moderate vs severe ACR.
Table 6: Predictable factors for ACR among liver transplant recipients.
Predictors OR Wald P value Cl 95%
Age (years) 0.022 0.262 0.609 (0.093- 1.11)
Infection (bacterial and /or fungal) 0.300 0.182 0.670 (0.341 - 5.34)
CD4"cells
-Percentage 1.61 3.56 0.059 (0.982 - 2.64)
-Count 1.02 3.75 0.053 (1.00 - 1.04)
Treq cells
-Percentage 2.33 0.875 0.350 (0.395 - 1.76)
-Count 0.929 0.671 0.413 (0.780 — 1.10)
FOXP3 gene —3279C/A rs3761548 genotype
(AA versus AC) 3.43 4.15 0.041* (1.04-11.2)
(AA versus CC) 10.0 6.62 0.010** (1.73-57.7)

“P<0.05=Significant "P<0.01=Highly significant
Binary logistic regression analysis was used.

Gene polymorphism (the AA genotype) was the only significant predictor factor for ACR.
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DISCUSSION

Graft rejection is one of the major immunological
complications following LT. It is elicited by genetic
disparity between the donor and the recipient and is due
to T-cell mediated or antibody-mediated immune
response™?. Treg cells play an important role in T-cell
homeostasis and regulation of immune tolerance in LT
through suppression of donor-activated effector T-
cells®. FOXP3 gene is a major regulatory gene for
development and function of Treg cells®.
Polymorphism of this gene may have a role in ACR and
post-transplant graft function .

In the present study, most of the transplant recipients
(80%) were males, a finding which was previously
reported ® . Men usually have higher risks of end-stage
liver diseases which require LT. Moreover, 40.4 % of
our liver transplant recipients with mild and moderate
ACR received tacrolimus and steroids, while none of
the recipients with severe rejection received tacrolimus
and steroids. ACR was reported to be more common
with cyclosporine as compared to tacrolimus®®.
Increased immune reactivity and metabolism of
immunosuppressive drugs are more frequent in younger
ages'’. This study and that of others® found that younger
recipients had higher risk for ACR. However, this
finding was not reported by other investigators °.

The NLI follows the Egyptian law which allows
a living-related LT from a first-, second-or third-degree
relatives™®. There was no significant difference between
these three donor types on ACR. Our patients with mild
ACR had fever while patients with severe ACR had
multiple clinical features (jaundice, abdominal swelling
and tenderness, and ascites), a finding which was
similarly reported®>. However, no symptoms were
associated with ACR in another study®®.

Although infection can occur at any time after LT,
the highest incidence is during the first postoperative
month due to mucocutaneous barrier alteration, use of
invasive devices, immunosuppression and staying
longer than 48 hours in ICU™. In this study, infection
occurred among 76.7% and 46.7% of transplant
recipients with and without ACR respectively during the
first month after LT. Therefore, infection may affect the
graft survival®.

In the current study, Klebsiella pneumoniae,
Acinetobacter baumannii, Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus and
Staph. epidermidis were isolated from 22.5%, 10%,
12.5%, 10%, 15% and 7.5% of transplant recipients
with ACR respectively. However, lower isolation rates
of Klebsiella pneumoniae and Escherichia coli (5.5%
and 7% respectively)®, and higher rates of Klebsiella
spp., Enterobacter spp. and E. coli (42.6%, 30.8%, and
23.1% respectively) were reported’®. In another study,
the most common causative organism of post-operative
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infection was E. coli (77%), followed by Pseudomonas
(9%), Klebsiella (8%), Staphylococcus aureus (4.5%)
and Enterobacter (1.5%). The most frequent fungal
infection encountered after LT is Candida albicans®
which was also found in 22% of our patients.

This study showed that the percentage and count of
CD4"and Treg cells were significantly lower in the
transplant recipients with ACR as compared to the other
studied groups (P<0.05), a finding which was
previously reported®. Moreover, there was a significant
negative correlation between the degree of ACR, and
percentage and count of CD4%and Treg cells. Germani
et al.,”® showed that the frequency of the circulating
CD4'CD25'FOXP-3'T cells was negatively correlated
with rejection activity index (RAI) for grading severity
of ACR. An interesting finding in this study is that the
percentage and count of circulating Treg cells were
significantly (P<0.05) higher in transplant recipients
without ACR compared to patients with ACR and
healthy volunteers. Wang et al.,**demonstrated an
increased  intragraft presence of Treg cells
(histopathologically) during ACR, and they concluded
that these cells were mobilized from the peripheral
circulation to the immune activation site in order to
regulate alloreactive responses during ACR.

The role of FOXP3 gene —3279C/A polymorphism
in ACR after LT was analyzed in the current study. The
AA genotype (66.7%) and the A allele (71.7%) were
significantly more predominant in the transplant
recipients with ACR. On the other hand, the CC
genotype (70%) and the C allele (72.5%) were
significantly more predominant in healthy volunteers as
compared to transplant recipients with ACR (23.3% and
28.3% respectively). Thude et al,”® reported that the
frequency of the genotype —3279 AA was 41% and 25%
in transplant recipients with and without ACR
respectively. Similarly, the —3279 A allele was more
frequent in the transplant recipients with (50%) than in
those without ACR (35%). Khuja et al.,"revealed that
ACR frequency was 17.6% and 40.9% in the transplant
recipients with rs3761548 AC and AA genotypes
respectively while rs3761548 CC was not detected in
their study. Furthermore, it was found that the FOXP3
rs3761548 AA genotype carriers were associated with a
fourfold increased risk for ACR compared to those with
the CC genotype®.

The AA genotype and the A allele were the only
significant predictors of ACR in our patients. This result
may suggest that the A allele of FOXP3 gene may be
implicated in decreased number of Treg cells and ACR.
The —3279 A allele of rs3761548 was demonstrated to
alter the consensus sequence “GGGCGG” for the zinc
finger transcription factor specificity protein 1 (SP1)
which is located in an upstream enhancer element of the
FOXP3 gene. Binding of SP1 to the consensus sequence
induces strong and stable transcription of the FOXP3
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gene. This binding may be impaired by the —3279 A
allele, reducing transcription and consequently
expression of the FOXP3%. The A allele may alter the
E47 and c-Myb transcription factor binding sites,
leading to modifications in the gene expression?’.
However, another study revealed that FOXP3
rs3761548 polymorphisms were not correlated with
incidence of ACR and suggested that medications or
other pathophysiological conditions may mask the effect
of the FOXP3 rs3761548 polymorphisms on ACR?.

The FOXP3 gene rs3761548 AA genotype and the
A allele in liver transplant recipients were important risk
factors for ACR. Decreased circulating Treg cells and
occurrence of infection in transplant recipients may
have a role in ACR. However, other studies which
include adequate numbers of patients are required to
support our findings.
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