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Abstract  

Human leukocyte antigen (HLA) system is a very polymorphic gene complex encoding for cell surface 
proteins. Kidney transplantation (KT) is considered the optimal renal replacement therapy. Donor-
specific antibodies (DSA) against HLA class II antigens are more common than class I. This study 
aimed to determine the role of HLA (DQ) in acute rejection of renal allograft. This study included 43 
KT recipient donor pairs. HLA typing (A, B, DR) of donor and recipient and flowcytometry cross 
matching results pre transplantation were collected from patients' files. Panel Reactive Antibody 
(PRA) classes I and II were done to recipients pre transplantation. PRA classes I and II and HLA-DQ 
genotyping were done to recipients 15-16 weeks post-transplantation. Rejection occurred in 9.3% 
recipients. Recipients with positive PRA class II had a statistically significant higher percentage of 
rejection (25.0%) compared to (0.0%) of those with negative PRA class II (p=0.029). Recipients with 
positive anti HLA-DR antibodies (Abs) and anti HLA-DQ Abs had statistically significant higher percent 
of rejection (28.6%) compared to (0.0%) of those with negative anti HLA-DR Abs and anti HLA-DQ Abs 
(p= 0.016). Recipients with positive anti HLA-DQ4 Abs or anti HLA-DQ5 Abs had a statistically 
significant higher percent of rejection (50%) compared to (5.1%) of those without anti HLA-DQ4 Abs 
or anti HLA-DQ5 Abs (p=0.037). Recipients with positive anti HLA-DQ9 Abs had a statistically 
significant higher percent of rejection (30%) compared to (3.0%) of those without anti HLA-DQ9 Abs 
(p=0.034). Recipients who received kidney from HLA-DQ mismatched donors had higher incidence 
(57%) of anti HLA-DQ5 antibodies and anti HLA-DQ6 antibodies compared to those with HLA-DQ 
matched donors (0.0%) (p= 0.018). In conclusion, anti HLA-DQ antibody was one of the most 
prevalent post-transplant PRA detected. Regarding acute rejection, there was no risk association 
between its occurrence and HLA-DQ mismatching. 
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Introduction 

The human leukocyte antigen (HLA) system 
encodes for cell surface proteins that are 
encoded by the major histocompatibility 

complex (MHC) in humans. These cell-surface 
proteins are responsible for the regulation of 
the immune system.¹ 

HLA complex contains more than 200 
identified loci located close together within the 

http://www.ejimmunology.org/


70   ElMelegy et al 

short arm of chromosome 6.2 The distinctness 
of HLA is used by the human immune system to 
differentiate self from non-self. The 
presentation of "foreign" peptides, or antigens, 
to immune competent cells is the responsibility 
of HLA. When foreign antigens interact with HLA 
molecules, T cells can only identify them.¹ 

Three class I HLA (A, B, and C) are found on 
all nucleated cells in humans, but six class II HLA 
(DPA1, DPB1, DQA1, DQB1, DRA, and DRB1) are 
only found on lymphocytes and antigen-
presenting cells. The majority of the 
immunogenicity of mismatched antigens is 
caused by three of the seven heterodimers 
(HLA-A, -B, and -DRB1), hence previous HLA-
typing techniques have mostly concentrated on 
these alleles.3 

The gold standard therapeutic approach for 
treating renal dysfunctions that provides 
patients with end-stage renal disease (ESRD) 
with the highest chance of survival is kidney 
transplantation (KT).4, 5 KT is associated with 
68% lower risk of death than dialysis. 6 Over the 
past ten years, there was an improvement in 
kidney transplant patient survival and graft.7 

The immune system's response, particularly 
against the transplant's HLA proteins, is what 
determines if KT is successful. Antibodies 
reactive to HLA may develop in patients who 
have previously been exposed to non-self HLA 
through transplants, blood transfusions, or 
pregnancy.8 

The outcome in KT was improved when HLA 
matching was done9, 10 and still part of the 
kidney graft allocation. HLA-DR matching has a 
much more effect on graft outcomes if 
compared with matching at the HLA-A or -B 
locus.11  

HLA-DQ is not yet a determinant of graft 
allocation; however, its relative significance is 
becoming more widely acknowledged. The 
percentage of acute rejection, renal 
glomerulopathy, and renal graft loss is greater 
in recipients who have de novo anti-DQ donor-
specific antibodies.12, 13 

Uncertainty surrounds the impact of broad 
antigen HLA-DQ mismatching on KT. Data from 
the Australia and New Zealand Dialysis and 
Transplant Registry revealed that HLA-DQ 
mismatching affects outcomes,14 despite earlier 

research indicating no significant link between 
the condition and graft outcomes.14, 15 The 
present study aimed to determine the role of 
human leucocyte antigen (DQ) in acute 
rejection of renal allograft. 

Subjects and Methods 

The present study included 43 donors and 43 
recipients with ESRD from the Transplantation 
Unit in Assiut University Urology Hospital, 
during the period from September 2018 to 
September 2022. All transplants required a 
negative flowcytometric crossmatch for IgG, T 
cell and B cell, and ABO blood group 
compatibility between donor and recipient. 

Exclusion criteria 

Recipients with pre-transplantation 
desensitization protocols and recipients with 
history of previous transplants or pregnancy 
were excluded from the study.  

Study specimens 

Venous blood samples (5 ml) were collected 
from recipients both pre transplantation and 
15-16 weeks post transplantation under 
complete aseptic conditions into plain tube. The 
blood was left to clot for 30 min at 37℃ and 
then centrifuged at 1509g for ten minutes. Sera 
were separated, divided into aliquots and kept 
frozen at -20℃ until used. 

In addition, venous blood samples (2 ml) 
were collected from donors and recipients 15-
16 weeks post transplantation under complete 
aseptic conditions into EDTA containing tubes. 
DNA was extracted using commercial kits (Cat. 
No. 51304, QIAamp DNA Mini Kit, QIAGEN, 
Germany), according to manufacturer’s 
instructions and kept frozen at -20℃ for further 
HLA- DQ typing. Finally, 24 hours urine sample 
was collected 15-16 weeks post transplantation 
from each recipient.  

Pre transplant investigations 

Results of ABO blood grouping, HLA typing (A, B, 
DR) of donor and recipient and flowcytometry 
cross matching prior to transplantation were 
collected from patients' files at the hospital. 
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Panel Reactive Antibody (PRA) classes I and II 
were done to recipients of transplant pre 
transplantation using LABScreen™ PRA Class I 
(Cat. No. LS1PRA 0000661856, ONE LAMBDA, 
USA) and LABScreen™ PRA Class II (Cat. No. 
LS2PRA 0000659944, ONE LAMBDA, USA) on 
LABScan3D (Luminex® FLEXMAP 3D®) (ONE 
LAMBDA, USA), according to the manufacturer’s 
instructions. 

Investigations for recipients 15-16 weeks post-
transplantation 

Urea and creatinine tests and 24 h urinary 
protein tests were performed using an 
automated chemistry analyzer (ADVIA 1800 
chemistry Auto-Analyzers, Siemens 
Healthineers, USA), according to the 
manufacturer’s instructions. 

Detection of PRA IgG antibodies to HLA class I & 
class II in serum 

This was done using Luminex microbead 
method as mentioned before in pre-transplant 
investigations  

DNA typing of HLA Class II alleles (HLA DQ)  

This was done for 14 kidney transplant 
recipient/donor pairs when PRA was positive 
against HLA-DQ. This was done using LABType™ 
SSO (Cat.No. RSSO2Q 0000277911, ONE 
LAMBDA, USA) on LABScan3D (Luminex® 

FLEXMAP 3D®) (ONE LAMBDA, USA), according 
to manufacturer’s instructions.  

Kidney biopsy: This was done post 
transplantation for recipients who developed 
proteinuria together with increased level of 
serum creatinine. The results were collected 
from patients' files at the hospital.  

Statistical Analysis 

Data was analyzed using the Statistical Package 
for Social Science (SPSS), version 26.0 for 
Windows. Qualitative data are presented as 
frequencies and percentages. Quantitative data 
were checked for normality by the Shapiro Walk 
test and expressed as mean ± standard 
deviation, median and range according to the 
distribution of data. Independent Sample T test 
compared the mean difference between groups. 
The Chi square test/ Fisher Exact test was used 
to compare proportion between groups. The 
Mcnemar test was used to compare proportions 
pre- and post-transplantation in PRA. The Odds 
ratio and confidence interval was calculated, 
and p value of <0.05 was considered significant.. 

Results 

Table 1 shows the characteristic features of 
kidney transplant recipients and donors. Table 2 
shows the causes of ESRD of kidney transplant 
recipients and serum urea and creatinine level 
at 15-16 weeks post transplantation.

Table 1. Features of kidney transplant recipients and donors.  

Variable 
kidney transplant recipients 

(n=43) 
kidney transplant donors 

(n=43) 

Age (years)   
Mean ± SD  30.51±8.62 40.93±10.54 
Median (range) 37 (16.0-58.0) 39 (21.0-57.0) 

Gender   
Male 39 (90.7%) 15 (34.9%) 
Female 4 (9.3%) 28 (65.1%) 

Degree of relation   
First degree (parents),  19 (44.2%) 
Second degree (brothers, sisters) 20 (46.5%) 
Third degree (aunts, uncles) 3 (7%) 
No degree of relation (Husband) 1 (2.3%) 

Blood group  n=43 % 

Identical 28 65.1% 

Compatible  15 34.9% 



72   ElMelegy et al 

Table 2. Causes of end-stage renal disease (ESRD) among kidney transplant recipients and kidney 
function tests 15-16 weeks post transplantation. 

Causes of ESRD among kidney 
transplant recipients 

Kidney transplant recipients 
(n=43) 

% 

Congenital causes 3 7.0% 

Neglected GN  24 55.8% 

Neglected chronic PN 14 32.6% 

Diabetic nephropathy 1 2.3% 

HTN nephropathy 1 2.3% 

Variables 
kidney transplant recipients (n=43) 

(15-16 weeks post transplantation) 

Serum Urea (RR: 2.5- 7.1 mmol/l)  

Mean ± SD 7.28 ± 4.75 
Median (range) 6.50 (2.2-31.7) 

Serum Creatinine (RR: 71- 115 µmol/l)  

Mean ± SD 131.77 ± 107.94 

Median (range) 94.0 (37.0-613.0) 

RR=Reference range; GN= Glomerulonephritis; PN= Pyelonephritis; HTN= Hypertension. 

 

Serum creatinine increased in 34.9% (15/43) of 
recipients at 15-16 weeks post transplantation. 
When comparing recipients with increased 
serum creatinine levels to those with normal 
creatinine level, different variables did not show 
significant difference between the two groups. 
These include donor and recipient age, ABO 
group, causes of ESRD, HLA class I and HLA class 
II (DR) mismatch, PRA class I and class II results. 
Recipients of kidney from female donors had a 
statistically higher frequency of increased 
creatinine level (50.0%) compared to recipients 

from male donors (6.7%) (p=0.004). However, 
this was not associated with significant 
difference in the rate of acute rejection during 
15-16 weeks post transplantation follow-up 
period. 

The frequency of positive PRA class I (41.9%) 
and PRA class II (37.2%) were significantly 
higher in recipients at 15-16 weeks post 
transplantation follow up period than pre 
transplantation (9.3% and 4.7%, respectively) 
(p=0.003 and p=0.001, respectively) (Table 3).

 

Table 3. Panel Reactive Antibody (PRA) distribution among kidney transplant recipients pre and post 
transplantation. 

Variable 
Pre-transplantation 

(n=43) 
15-16 weeks post-

transplantation (n=43) 
p-value* 

PRA Class I     

Positive 4 (9.3%) 18 (41.9%) 
0.003 

Negative 39 (90.7%) 25 (58.1%) 

PRA Class II     

Positive 2 (4.7%) 16 (37.2%) 
0.001 

Negative 41 (95.3%) 27 (62.8%) 

*p ≤ 0.05 is significant. 

 



73  The Egyptian Journal of Immunology 

 

The 16 Recipients with post-transplant positive 
PRA class II were further classified into 2 
recipients (12.5%) with positive PRA against DR 
only, 2 recipients (12.5%) with positive PRA 
against DQ only, 10 recipients (62.5%) with 
combined positive PRA DR and DQ and lastly 2 
recipients (12.5%) with combined positive PRA 
against DR, DQ and DP. 

Of the 43 recipients, 25 recipients (58.1%) 
developed at least one post-transplantation 
PRA, 2 (4.7%) recipients had DQ PRA alone (DQ-

only), 11 (25.6%) recipients acquired an A, B, 
and/or DR antibody in the absence of a DQ 
antibody (not DQ), whereas 12 (27.9%) patients 
also developed a DQ antibody with non DQ 
antibodies (DQ + non DQ) (Table 4). 

During the follow-up period, the overall 
incidence of biopsy-proven acute rejection was 
9.3% (4/43). Recipients in the DQ + non DQ 
groups had statistically significant higher 
percent of acute rejection (30.8%) compared 
with the other groups (0%) (p=0.0171; Table 4).

Table 4. Biopsy findings according to Panel Reactive Antibody (PRA) groups. 

Total patients (43) 

DQ only  

(n=2) 

4.7% 

DQ + non-DQ 

(n=12) 

27.9% 

Non DQ 
(n=11) 

25.6% 

No PRA 
(n=18) 

41.8% 

p-
value* 

No rejection 2 (100.0%) 8 (66.7%) 11 (100.0%) 18 (100.0%) 
0.0171 

Rejection  0 (0.0%) 4 (30.8%) 0 (0.0%) 0 (0.0%) 

Acute AMR only 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA 

Chronic AMR only 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA 

TCMR only 0 (0.0%) 2 (16.67%) 0 (0.0%) 0 (0.0%) NS 

AMR+TCMR mixed rejection 0 (0.0%) 2 (16.67%) 0 (0.0%) 0 (0.0%) NS 

*Chi square test was used to compare proportion between groups; NA (non-applicable for calculation of significance); n= 
number. AMR= Antibody mediated rejection; TCMR= T- cell mediated rejection p > 0.05 is not significant (NS). 

 

Fourteen recipients had PRA against HLA-DQ 15-
16 weeks post-transplantation. The distribution 
of these HLA-DQ reactive antibodies and their 

mean fluorescence intensity (MFI) are shown in 
Table 5.

Table 5. Types of DQ and their mean fluorescence intensity (MFI) among kidney transplant recipient 
15-16 weeks post transplantation. 

Variable 
Positive DQ Panel Reactive 

Antibody (PRA) (n=14) 
% 

DQ2 Positive 1 7.1 

MFI   

<3000 1 7.1 

DQ4 Positive 4 28.6 

MFI    

<3000 1 7.1 

>3000 3 21.4 

DQ5 Positive 4 28.6 
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Table 5. Continued. 

Variable 
Positive DQ Panel Reactive 

Antibody (PRA) (n=14) 
% 

MFI   

<3000 1 7.1 

>3000 3 21.4 

DQ6 Positive 4 28.6 

MFI   

<3000 3 21.4 

>3000 1 7.1 

DQ7 Positive 5 35.7 

MFI   

<3000 3 21.4 

>3000 2 14.3 

DQ8 Positive 6 42.9 

MFI   

<3000 4 28.6 

>3000 2 14.3 

DQ9 Positive 10 71.4 

MFI   

<3000 7 50.0 

>3000 3 21.4 

Data expressed as frequency (%); MFI= Mean fluorescence intensity; n= number. 

 

Table 6 shows the association of different 
variables with biopsy proven acute rejection. 
Recipients with positive PRA class II had a 
statistically significant higher percentage of 
rejection (25.0%) compared to (0.0%) of those 
with negative PRA class II (p=0.029). Recipients 
with positive anti HLA-DR Abs or anti HLA-DQ 
Abs had a statistically significant higher percent 
rejection (28.6%) compared to (0.0%) of those 
with negative anti HLA-DR Abs or anti HLA-DQ 
Abs (p=0.016).  

Recipients with positive anti HLA-DQ4 Abs or 
anti HLA-DQ5 Abs had statistically significant 
higher percent of rejection (50%) compared to 
(5.1%) of those without anti HLA-DQ4 Abs or 

anti HLA-DQ5 Abs (p=0.037). They had 18.5 
times increased risk of rejection. Recipients with 
positive anti HLA-DQ9 Abs had a statistically 
significant higher percent of rejection (30%) 
compared to (3.0%) of those without anti HLA-
DQ9 Abs (p= 0.034). They had 13.71 times 
increased risk of rejection (Table 6). 

There was no statistically significant relation 
between acute rejection and several transplant 
recipient/donor variables. These include age, 
donor gender, degree of relation between 
donors and recipients, ABO, causes of ESRD, 
HLA class I (A, B) matching, HLA class II (DR) 
matching, PRA class I, anti HLA-DQ2, anti HLA-
DQ6, anti HLA-DQ7 and anti HLA-DQ8 (Table 6).
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Table 6. Association between rejections in kidney transplant and different variables. 

Variables 
kidney transplantation 

p-value* OR (95% CI) 
Rejection (n=4) 

No rejection 
(n=39) 

Donor age: Mean ± SD  
Median (range) 

40.50±9.03 
41.5 (30-49) 

40.97±10.78 
43.0 (21-57) 

NS CI (-11.78-10.83) 

Recipient age: Mean ± SD 
Median (range) 

26.25±7.89 
23.0 (21-38) 

30.95±8.66 
30.0(16-58) 

NS CI (-13.83-4.43) 

Donor gender      
Female donor (n=28) 3 (10.7%) 25 (89.3%) 

NS 1.68 (0.15-17.72) 
Male donor (n=15) 1 (6.7%) 14 (93.3%) 

Degree of relation     
second degree (n= 20) 2 (10.0%) 18 (90%) 

NS 1.16 (0.14-9.14) 
Non second degree (n=23) 2 (8.7%) 21 (91.3%) 

ABO blood group     
Identical (n=28) 4 (14.3%) 24 (85.7%) 

NS NA 
Compatible (n=15) 0 (0.0%) 15 (100%) 

Causes of ESRD     
Congenital causes (n=3) 1 (33.3%) 2 (66.7%) 

NS NA 
Neglected GN (n=24) 2 (8.3%) 22 (91.7%) 
Neglected PN(n=14) 1 (7.1%) 13 (92.9%) 
Diabetic nephropathy(n=1) 0 (0.0%) 1 (100%) 
HTN nephropathy(n=1) 0 (0.0%) 1 (100%) 

HLA class I     
Mismatch (n=39) 4 (10.3%) 35 (89.7%) 

NS NA 
Match (n=4) 0 (0.0%) 4 (100%) 

HLA class II (DR)     
Mismatch (n=34) 4 (11.8%) 30 (88.2%) 

NS NA 
Match (n=9) 0 (0.0%) 9 (100%) 

PRA class I     

Total positive (n=18) 2 (11.1%) 16 (88.9%) 
NS 1.44 (0.18-11.29) 

Total negative (n=25) 2 (8.0%) 23 (92.0%) 

Class I A:  
- Positive (n=18) 
- Negative (n=25) 

 
2 (11.1%) 
2 (8.0%) 

 
16 (88.9%) 
23 (92.0%) 

NS 
 

1.44 (0.18-11.29) 

Class I B: 
- Positive (n=13) 
- Negative (n=30) 

 
1(7.7%) 

3 (10.0%) 

 
12 (92.3%) 
27 (90.0%) 

NS 
 

0.75 (0.07-7.96) 

Class I C: 
- Positive (n=2) 
- Negative (n=41) 

 
0 (0.0%) 
4(9.8%) 

 
2 (100.0%) 
37(90.2%) 

NS NA 

PRA class II     

Total positive (n=16) 4 (25.0%) 12 (75.0%) 
0.029 NA 

Total negative (n=27) (0.0%) 27(100%) 

Class II DR: 
- Positive (n=14) 
- Negative (n=29) 

 
4 (28.6%) 
0 (0.0%) 

 
10 (71.4%) 
29 (100%) 

0.016 NA 
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Table 6. Continued. 

Variables 
kidney transplantation 

p-value* OR (95% CI) 
Rejection (n=4) 

No rejection 
(n=39) 

Class II DP: 
- Positive (n=2) 
- Negative (n=41) 

 
(50.0%) 
(7.3%) 

 
1(50.0%) 

38 (92.7%) 
NS 12.67 (0.62-257.1) 

Class II DQ: 
- Positive (n=14) 
- Negative (n=29) 

 
(28.6%) 
0 (0.0%) 

 
10 (71.4%) 
29 (100%) 

0.016 NA 

PRA class II HLA-DQ alleles     

DQ2     
Positive (n=1) 0 (0.0%) 1 (100%) 

NS NA 
Negative (n=42) 4 (9.5%) 38 (90.5%) 

DQ4     
Positive (n=4) 2 (50.0%) 2 (50.0%) 

0.037 
18.50 (1.64-

208.46) Negative (n=39) 2 (5.1%) 37 (94.9%) 

DQ5     
Positive (n=4) 2 (50.0%) 2 (50.0%) 

0.037 
18.50 (1.64-

208.46) Negative (n=39) 2 (5.1%) 37 (94.9%) 

DQ6     
Positive (n=4) 1 (25.0%) 3 (75.0%) 

NS 4.0 (0.13-51.29) 
Negative (n=39) 3 (7.7%) 36 (92.3%) 

DQ7     
Positive (n=5) 1 (20.0%) 4 (80%) 

NS 2.19 (0.24-35.12) 
Negative (n=38) 3 (7.9%) 35 (92.1%) 

DQ8     
Positive (n=6) 1 (16.7%) 5 (83.3%) 

NS 2.26(0.19-26.27) 
Negative (n=37) 3 (8.1%) 34 (91.9%) 

DQ9     
Positive (n=10) 3 (30.0%) 7 (70.0%) 

0.034 
13.71 (1.23-

152.14) Negative (n=33) 1 (3.0%) 32 (97.0%) 
Data are expressed as frequency and raw % or mean ± SD. *Independent Sample T test compares the mean difference 
between groups, Fisher Exact test compares proportions between groups. n=number; SD=standard deviation; OR=Odds 
ratio; CI=confidence interval; ESRD=End stage renal disease; HLA=Human leucocyte antigen; PRA=Panel reactive antibody;  
p > 0.05 is not significant (NS). NA= not applicable for calculation of significance. 

 

Recipients who had anti HLA-DQ antibodies 
(n=14) were subjected to HLA-DQ genotyping 
together with corresponding donors. Recipients 
who received kidney from HLA-DQ mismatched 
donors had higher incidence (57%) of anti HLA-
DQ5 antibodies compared to those with HLA-DQ 
matched donors (0.0%) (p=0.018). Recipients 

who received kidney from HLA-DQ mismatched 
donors had higher incidence (57%) of anti HLA-
DQ6 antibodies compared to those with HLA-DQ 
matched donors (0.0%) (p=0.018). There was no 
statistically significant difference in urea, 
creatinine, proteinuria, acute rejection between 
matched and mismatched DQ (Table 7).
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Table 7. Effect of human leukocyte antigen (HLA)-DQ matching status on post transplant outcome. 

Variables 
HLA DQ genotyping 

p-value* OR (95% CI) 
Mismatch (n=7) Matched (n=7) 

Urea (> 7.1 mmol/l)     

Increase  3 (42.9%) 2 (28.6%) 
NS 1.8 (0.20-17.26) 

Normal 4 (57.1%) 5 (71.4%) 

Creatinine  
(> 115 µmol/l) 

    

Increase  4 (57.1%) 1 (14.3%) 
NS 8.0 (0.59-106.93) 

Normal 3 (42.9%) 6 (85.7%) 

Proteinuria      

Present  4 (57.1%) 3 (42.9%) NS 
3.33 (0.36-30.70) 

Absent 3 (42.9%) 4 (57.1%)  

Rejection     

Occur  3 (42.9%) 1 (14.3%) 
NS 4.50 (0.33-60.15) 

Not occur 4 (57.1%) 6 (85.7%) 

PRA class II HLA-DQ alleles   

DQ2     

Positive 0 (0.0%) 1 (14.3%) 
NS NA 

Negative  7 (100.0%) 6 (85.7%) 

DQ4     

Positive 3 (42.9%) 1 (14.3%) 
NS 4.50 (0.33-60.15) 

Negative  4 (57.1%) 6 (85.7%) 

DQ5     

Positive 4 (57.1%) 0 (0.0%) 
0.018 NA 

Negative  3 (42.9%) 7 (100.0%) 

DQ6     

Positive 4 (57.1%) 0 (0.0%) 
0.018 NA 

Negative  3 (42.9%) 7 (100.0%) 

DQ7     

Positive 1 (14.3%) 4 (57.1%) 
NS 0.13 (0.10-1.67) 

Negative  6 (85.7%) 3 (42.9%) 

DQ8     

Positive 2 (28.6%) 4 (57.1%) 
NS 0.30 (0.03-2.76) 

Negative  5 (71.4%) 3 (42.9%) 

DQ9     

Positive 5 (71.4%) 5 (71.4%) 
NS 1.00 (0.09-10.16) 

Negative  2 (28.6%) 2 (28.6%) 
Data are expressed as frequency and %.  *Fisher Exact test compare proportions between groups.  n=number; OR=Odds 
ratio; CI=confidence interval; p > 0.05 is not significant (NS). NA= not applicable for calculation of significance. 

 

Discussion 

The cell-mediated adaptive immune response is 
regulated by the MHC or HLA in humans.16 KT is 
associated with prolonged survival, improved 
quality of life, reduced morbidity, and lower 

health care costs compared with dialysis. In 
addition to the medical and surgical challenges 
in KT, the major biological barrier is 
immunological which may lead to graft 
rejection.17, 18 
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Serum creatinine is a well-known biomarker for 
renal function and an important indicator of 
graft status. The regular measurement of serum 
creatinine post transplantation could detect the 
graft dysfunction even before histological 
diagnosis.19 In this study, serum creatinine was 
increased in 34.9% recipients during their post 
transplantation follow up; four of them had 
histological evidence of acute rejection. The 
study by Younespour et al., 2016, found that 
there was a strong association between graft 
dysfunction and elevated serum creatinine 
levels. However, changes in serum creatinine 
may not be equivalent to the degree of graft 
injury and it may change with other renal 
causes.20 

Antibody mediated rejection (AMR) is 
defined as allograft rejection caused by 
recipient’s Abs directed against donor class I 
and class II HLA (DSAs) and blood group 
antigens.22 Preformed Abs or de novo Abs has 
become a biomarker for AMR graft loss. HLA 
Abs are risk factors for hyperacute, acute, and 
chronic allograft rejections.23, 24  

In the current study, Class I and II PRA were 
studied pre transplantation and 15-16 weeks 
post transplantation in 43 kidney transplant 
recipients. The pre transplantation PRA was 
present in 6/43 recipients (14%). Rejection did 
not occur in five recipients of them. The sixth 
recipient had post-transplantation class I and II 
PRA MFI >10000 and acute active AMR with T 
cell mediated rejection. This agreed with finding 
of the study by Caillard et al., 2017, who 
reported that most preformed DSA disappeared 
after kidney transplantation,25 but DSA which 
have been persistent after transplantation with 
high MFI values cause AMR. Therefore, 
researchers disputed that preformed DSAs 
above certain threshold become deleterious if 
they persist after transplantation. Moreover, 
Wang et al., 2019, demonstrated that 
preformed DSA with a high MFI that persist 
after transplantation were associated with 
severe early acute rejection and graft loss.26 
Also, Phillpott et al., 2022, reported that rising 
DSAs MFI titer was more considerable and of 
clinical significance than steady or declined 
titer.27 However, Malheiro et al., 2017 and 
Callemeyn et al., 2021, stated that either 

preformed or de novo DSA were indicators of 
AMR, graft dysfunction and poor graft 
survival.28, 29 

In the present study, out of the 37 recipients 
who had negative pre transplantation PRA, the 
PRA was still negative post transplantation in 
40.5% of recipients and the remaining 59.5% 
recipients developed de novo PRA post 
transplantation, three of them developed acute 
rejection. De novo PRA were 21.6% class I, 
16.2% class II and 21.6% mixed class I and II. 
This agreed with the findings of Chung et al., 
2014, Ramon et al., 2017 and Cun et al., 2021 
who reported that 13%-30% of kidney 
transplant recipients developed de novo DSA 
although they were non sensitized at 
transplantation time or even getting proper pre-
transplantation desensitization program within 
5 years post- transplantation.30, 31,32 Moreover, 
Wiebe et al., 2012 and Yell et al., 2015, 
demonstrated that there was a very 
heterogenous graft outcome after appearance 
of de novo DSAs (ranging from no graft injury to 
rapid graft dysfunction and loss).33,34 DSAs with 
the same MFI strength do not cause the same 
outcome. This could be explained by the 
findings of the study by Yoo et al., 2014, Tambur 
et al., 2015 and Lefaucheur et al., 2017, who 
found that the binding ability of DSAs to the 
beads (as determined by the Luminex solid 
phase assay) might not be as binding ability of 
DSAs to HLA antigen. They also reported that 
there are many limitations of solid phase assays 
as false positive high DSA titer (due to IgG 
against denatured HLA antigens or targeting 
shared epitopes) or false negative low titer (due 
to inhibitors or prozone phenomena that occur 
in extremely high DSAs titer).35,36,37 Song et al., 
2012 and Guidicelli et al., 2016, found that de 
novo DSA were mainly directed against donor 
class II HLA particularly if they were in high titer 
and this usually occurs during the first year after 
transplantation with 20% possibility of 
occurrence in the next four years.38,39 

Our study showed that the most prevalent 
DQ PRA detected were DQ7 (35.7%), DQ8 
(42.9%) and DQ9 (71.4%) while the least 
prevalent DQ PRA was DQ2 (7.1%). Lee et al., 
2016, found that the most prevalent DQ-DSA 
were DQ6 (33.3%), DQ7 (23.5%), and DQ2 
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(23.5%).40 Also, DeVos et al., 2012, found that 
the most prevalent DQ antibodies detected 
were DQ7 (25%), DQ2 (19%), and DQ4 (19%) 41. 
This variation in detection rates of HLA-DQ 
antibodies may be due to the fact that various 
centers, particularly those dealing with Class II 
antibodies, have varying MFI cutoff levels.41 The 
duration of follow-up after transplant, 
application of protocol biopsy, follow-up plan 
following transplant, various procedures, and 
assay utilized for detection are the other 
important factors. This difference in frequency 
of anti HLA-DQ antibodies could be also due to 
variation in racial and ethnic background of 
studies individuals'. The time taken for the de 
novo antibody to be detected differs from 
patient to patient but generally is formed 
6-month posttransplant. However, there is a 
delay in the detection if antibodies other than 
DQ are also present. This cohort of DQ + 
non-DQ antibodies take around four months for 
detection.40 

The current study showed that 58.1% of the 
43 recipients developed at least one post-
transplant PRA, 4.7% recipients had DQ PRA 
alone (DQ-only), 25.6% recipients developed A,-
B, and/or -DR antibody in absence of a DQ 
antibody (non DQ), and 27.9% recipients 
developed a DQ antibody in addition to other 
non DQ antibodies (DQ + non DQ). Thus, 32.6% 
recipients had a DQ antibody making it the most 
common PRA detected. The study by López del 
Moral et al., 2022, reported that out of 400 
kidney transplant recipients, 260 patients (65%) 
developed post-transplant DSA, 167 patients 
(64.2%) developed DQ DSA alone (DQ-only 
DSA), and 93 patients (35.8%) developed a DQ 
antibody in addition to other non DQ antibodies 
(DQ + non DQ). Thus, 260 patients (65%) had a 
DQ antibody; making it the most prevalent DSA 
detected 42. Also, Lee et al., 2016, reported that 
79 (30%) out of the 263 patients developed 
post-transplant DSA, 35 patients (13.3%) 
developed DQ DSA alone (DQ-only DSA), 
whereas 16 (6.1%) developed a DQ antibody in 
addition to other non DQ antibodies (DQ + non 
DQ) and 28 patients (10.6%) developed a donor-
specific A,-B, and/or -DR antibody in absence of 
a DQ antibody (non DQ). Thus, 51 patients 
(19.4%) had a DQ antibody making it one of the 

most prevalent DSA detected.40 Jennifer et al., 
2012, found that 62 (18%) out of the 347 
patients developed post-transplant DSA, 33 
patients (10%) had DQ DSA alone (DQ-only 
DSA), 14 patients (4%) developed a donor-
specific -A,-B, and/or -DR antibody without a DQ 
antibody present (non DQ), and 15 patients 
(4%) developed a DQ antibody in addition to 
other non DQ antibodies (DQ + non DQ). Thus, 
48 patients (14%) had a DQ antibody making it 
the most prevalent DSA detected.43 Also 
Willicombe et al., 2012, reported that 92 
(18.2%) out of the 505 patients developed post-
transplant DSA, 26 patients (5.2%) developed a 
DQ antibody in addition to other non DQ 
antibodies (DQ + non DQ), whereas 24 (4.8%) 
developed DQ DSA alone (DQ-only DSA) and 42 
patients (8.3%) developed a donor-specific A,-B, 
and/or -DR antibody in absence of a DQ 
antibody (non DQ). Thus, 50 patients (10%) had 
a DQ DSA antibody. It is still unclear why DQ 
DSA rates are so high, however, HLA-DR 
mismatches might be more immunogenic than 
DQ. This could be partly because the current 
United Network of Organ Sharing (UNOS) 
allocation scheme considers DR matching, but 
not DQ matching.44 

The present study showed that during the 
15–16-week follow-up period, the total 
incidence of biopsy-proven acute rejection was 
9.3% (4/43), with recipients in the DQ + non DQ 
groups had statistically significant higher 
percentage of acute rejection (30.8%) compared 
with the other groups (0%) (p= 0.0171). DeVos 
et al., 2012, reported that during the 26-month 
follow-up period, the overall incidence of 
biopsy-proven acute rejection was 15% 
(52/347), with a greater risk in the DQ + non DQ 
and non DQ groups than in the no-DSA group.41 
Also, Jalalzadeh et al., 2015, reported that 
during a one-year follow-up period, the total 
incidence of biopsy-proven acute rejection was 
18.8% (125/663).45 There's growing evidence 
that the sex of the recipient and donor 
influences how well a kidney allograft works. It 
has been demonstrated that allografts from 
female donors had greater incidence of acute 
rejection and allograft loss within a year.45 Puoti 
et al., 2016, reported that the 5-year survival 
rate of female donor kidneys was lower than 
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that of male donor kidneys.46 While Zeier et al., 
2002 found that female recipients of male 
donors' kidneys had a more targeted survival 
advantage over male recipients of female 
donors' kidneys.47 Some explanations for these 
observations include that the female kidney has 
fewer nephrons than the male kidney48 and 
higher expression of human leukocyte antigens, 
which can cause increased immunogenicity.46,47 
However, the current study showed that 
recipients of kidney from female donors had a 
statistically higher frequency of increased 
creatinine level (50.0%) compared to recipients 
from male donors (6.7%%), but with no 
difference in rate of acute rejection during 15-
16 weeks post transplantation follows up period 
(p = 0.999). 

The current study showed that recipients 
with positive anti HLA-DR Abs and anti HLA-DQ 
Abs had statistically significant higher percent of 
rejection (28.6%) compared to (0.0%) of those 
with negative anti HLA-DR Abs and anti HLA-DQ 
Abs (p-value: 0.016). This agreed with the study 
by Leeaphorn et al., 2018, who found that the 
production of donor specific HLA antibodies 
against class II correlated with the increased 
incidence of acute AMR, chronic graft 
dysfunction and graft loss. Also, DSA against 
class II or both class II and class I antigens had a 
strong association with graft loss.49 

Our study showed that recipients who 
develop post transplantation PRA against HLA 
DQ4, DQ5 or DQ9, had a significant higher risk 
of acute rejection than other types of HLA DQ 
(Odds Ratio: 18.5, 18.5 and 13.71, 
respectively).These results are partially in 
agreement with those of Leeaphorn et al., 2018, 
who showed that when DQ5 was the donor 
mismatch, there was an increased risk of graft 
loss in receivers of living kidney donors, while 
demonstrated that when the kidney donor 
mismatch was DQ8, they observed a greater risk 
of acute rejection, independent of recipient DQ. 
Certain donor HLA-DQ mismatches, such as 
HLA-DQ4, did not result in a higher incidence of 
acute rejection. Thus, in order to improve both 
short- and long-term outcomes, a more 
sophisticated approach to DQ mismatching may 
be crucial.49 

Our study found that there was no difference 
between matched and mismatched DQ 
regarding acute rejection, which means that the 
risk of acute rejection was not correlated with 
HLA-DQ mismatching. However, a short follow-
up period (15–16 weeks) and a small number of 
pairings with HLA-DQ genotyping (only 14) may 
have constrained our study. Our results agreed 
with those of Freedman et al., 1997, who 
concluded that there was no impact of HLA-DQ 
mismatching on transplant survival.50 Similarly, 
Sasaki and Idica, 2010, demonstrated that graft 
survival was unaffected by HLA-DQ.51 The last 
two investigations50, 51 were carried out when 
the HLA-DQ typing method was less 
sophisticated and accurate than it is now. It is 
possible that the small number of patients and 
brief follow-up period in their studies 
contributed to the absence of correlation 
between HLA-DQ mismatching and graft failure. 
Our study founding was not in agreement with 
that of Lim et al., 2016, who showed that, 
independent of HLA-ABDR mismatches and 
early immunosuppression, HLA-DQ mismatching 
was linked to an increased risk of acute 
rejection.15 Moreover, the study by Leeaphorn 
et al., 2018, which included 93,782 patients 
showed a correlation between the likelihood of 
acute rejection and graft loss and HLA-DQ 
mismatching.49  

In conclusion, preformed class I & II PRA may 
turn to negative post transplantation, but they 
become deleterious if they persist in high titer 
after transplantation. Anti HLA-DQ antibody was 
one of the most prevalent and detected post-
transplant PRA. Recipients with post-transplant 
positive anti HLA-DR Abs and anti HLA-DQ Abs 
had higher frequency of acute rejection 
compared to those with negative anti HLA-DR 
Abs and anti HLA-DQ Abs. Recipients who 
develop post-transplantation PRA against HLA 
DQ4, DQ5 or DQ9 had a higher risk of acute 
rejection than other types of HLA DQ. Matched 
and mismatched DQ are not associated with 
increased risk of acute rejection. Recipients of 
kidney from female donors had higher 
frequency of increased creatinine level, but not 
associated with increased risk of acute rejection 
during the 15-16 weeks post transplantation 
follows up period.  
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