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Abstract 
Background: Ischemia-reperfusion injury of organ transplantation activates 
several mediators which may link the innate to the adaptive immune response. 
Down the cascade of TLRs, we selected to study the expression of Interferon 
Regulatory Factors (IRF)-3 and -7 inside human Kidney Transplanted (KTx) 
organs and the synthesis of IFNα, the main growth factor induced by them, in 
KTx aspiration biopsy cultures. Simultaneously, we tested their robustness in 
diagnosing Acute Rejection (AR). Methods: Fine-needle aspiration biopsies (F- 
nab) were performed either on day 7 or 14 post-KTx among stable patients or on 
the day of AR diagnosis. On Fnab cytopreparations, we studied IRF3 and IRF7 
by the enzymatic avidin-biotin complex staining, and in a different group of cases 
we quantified IFNα by ELISA in 48 hours Fnab culture supernatants. Results: 
AR group showed a significantly up-regulated expression for IRF3 and IRF7, 
reaching Positive Predictive Values (PPV) of 0.824 and 0.8, respectively, as well 
as Negative Predictive Values (NPV) above 0.9 for both; IFNα presented a PPV 
= 1.0 and a NPV = 0.9. A variation in the results was noticed according to dif-
ferent immunosuppressive therapies. Conclusions: Our findings suggest that 
IRF3 and IRF7, and IFNα which they promote, may be very important players 
in the early days post-KTx, linking the innate with an adaptive response and trig-
gering acute rejection. These differences were very clear-cut, lending consistency 
to our speculation. It would be important to scrutinize for other potential ef-
fects derived from these IRFs up-regulation which could be of clinical relevance. 
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1. Introduction 

A substantial proportion of the worldwide population may suffer from chronic 
kidney disease which was ranked among the first fifteen causes of death [1]. 
With few exceptions, kidney transplantation remain the best treatment alterna-
tive providing better long-term survival and better quality of life [2] [3], yet this 
procedure has been afflicted since its beginning by a serious mismatch between 
the demand and the offer. 

Organ transplantation must overcome several barriers in order to achieve 
success, the most demanding being the immune response which must be mod-
ulated by immunosuppressive drugs and which can be divided into the innate 
and the adaptive response, that has received the lion part of our attention and 
has driven the most recent developments of currently used immunosuppressants 
in human organ transplantation. This being said, the first chronological chal-
lenge starts even when the organ has not yet been recovered and is enduring in-
sults of diverse quality and gravity related to the donor dying process. This is to 
be aggravated by the cold ischemic period usually of several hours duration and 
sequentially by the reperfusion phase. This inevitable Ischemia and Reperfusion 
Injury (IRI) is highly determinant for non- or delayed function after transplan-
tation [4] [5] and is associated with both T-cell mediated rejection as well as an-
tibody-mediated rejection [6] [7].  

IRI encompasses the innate immune response where Toll-Like Receptors (TLR) 
play an important role [8]. TLRs are transmembrane proteins and they belong to 
the interleukin-1 receptor superfamily. TLR2 and TLR4 are up-regulated in kid-
ney tubular epithelial cells upon ischemia [9] [10] and TLR4 activation promotes 
the release and/or up-regulation of cytokines, chemokines, adhesion molecules 
and infiltration of neutrophils and macrophages [11] [12]. TLR activation pro-
motes the downstream recruitment of various adapter molecules, namely the 
Toll-Interleukin 1 Receptor (TIR)-domain-containing adapter-inducing interferon- 
β (TRIF), inhibitor of the nuclear factor-κB kinase (IKK) and Tank-Binding Ki-
nase-1 (TBK1). Together with other molecules acting upstream, TRIF, TBK1 and 
IKKε activate interferon regulatory factors IRF3 and IRF7 [13].  

Sharing a great structural homology IRF3 and IRF7 are now acknowledged to 
be the principal mediators of interferon (IFN) induction. IRF3 is ubiquitously 
expressed, whereas IRF7 is expressed at very low levels with the exception of its 
abundant expression on plasmacytoid dendritic cells [14]. IRF3 can induce the 
expression of several cytokines in addition to IFN, namely interleukin (IL)-12, 
IL-15, IL-23 and CXCL10 whilst inhibiting TGF-β [13] [15] [16], which may 
have important modulation in immune responses observed in organ transplan-
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tation, while IRF7 can either homodimerize or heterodimerize with IRF3 to in-
duce IFN-α/β expression [17]. IRF3 and IRF7 have been found to play an im-
portant role in viral infection, inflammatory diseases and septic shock [18], whereas 
IRF7 seems to be needed for TLR9 activation and subsequent type I interferon 
synthesis in experimental SLE [17]. 

Recent evidence suggests that IRFs are stress sensors reacting to diverse pa-
thophysiological stresses, including IRI [19]. During IRI, aberrantly localized DNA, 
such as that in the cytoplasm can activate IRF3 through a caspase-1 and stimu-
lator of interferon genes dependent pathway with TBK1 [20]. IRF3 gene expres-
sion has been reported to be up-regulated during acute renal rejection [21], al-
though it was reported to be non-significantly down-regulated together with 
IRF7 during acute rejection in liver transplantation [22]. 

As a result of IRF3 and IRF7 activation, INFα is produced, a cytokine endowed 
with pleiotropic effects beyond direct antiviral action, including the regulation of 
immune responses and modulation of the major histocompatibility complex I 
and II expression [23]. While IFNγ has been the focus of important research by 
the transplant community IFNα has received much less attention. Blood circu-
lating levels of IFNα were found to be lower among renal transplant patients 
[24]. Of greater interest, therapy with IFNα in transplant cases has been asso-
ciated with the triggering acute rejection, more frequently with kidney trans-
plants [25] than with liver transplants [26]. These events were observed several 
months post-transplantation, under stable clinical conditions and without changes 
in the immunosuppressive therapy [25] [26], a situation widely different com-
paring with the hectic early days of post-transplant surgery.  

Previously, we reported that TLR-2 and TLR-9 expression was significantly 
down-regulated by the anti-IL-2 alpha chain-receptor antibody in Kidney Trans-
plant patients (KTx) on day seven post-surgery and that by day 30 post-transplanta- 
tion both TLR-4 and TLR-9 expression declined significantly [27] among rejection- 
free cases. Also, we have reported that while no significant difference was ob-
served for IL-12 by comparing rejection-free cases with acute rejection kidney 
transplants [28], a significant difference was found for IL-18, which was up-regu- 
lated during rejection [29]. Following our observations we decided to explore the 
behaviour of IRF3 and IRF7 and its main target, IFNα in fine-needle aspiration 
(Fnab) samples, IFNα, which together with IL-18 could substitute for IL-12 in T 
lymphocyte priming. 

2. Patients and Methods 

This study included 151 KTx, 87 males and 64 females, between the ages of 20 
and 68 years. Each patient provided adequate Fnab samples according to the cri-
teria defined by P Haÿry [30] and all received an organ from a deceased donor. 
Table 1 summarizes patient’s demographics and characteristics. 

Each patient was treated from the outset with a calcineurin inhibitor, plus 
Mycophenolate Mofetil (MMF) and prednisolone, with the exception of the  
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Table 1. Demographics and characteristics.  

Phenotype characteristic 
All Ktx recipients 

(n = 151) 
Stable recipients 

(n = 106) 
Rejection recipients 

(n = 45) 

Gender    

Female 64 46 18 

Male 87 61 26 

Cause of ESRD    

DN 29 22 7 

IgA 16 11 5 

RPGN 11 5 6 

SLE 5 3 2 

FSGS 8 7 1 

TIN 39 28 11 

HTN 6 4 2 

CGN 25 19 6 

PKD 12 9 3 

Immunosupression    

CsA 107 78 29 

RAPA 15 14 1 

TAC 62 46 16 

Anti-IL2αR 23 21 2 

Ktx    

First 139 102 37 

Re-Ktx 12 7 5 

DGF 13 11 2 

Serum Creatinine (mg/dL) NA 3.3 5.1 

Values are reported in the given units and all comparisons between groups were non-significant, except se-
rum creatinine that was higher in recipients with AR (P = 0.042). Recipients are all adult, aged between 20 - 
68 years old and transplanted with kidney deceased donors. AR diagnosis were done on the biopty-gun bi-
opsy, done at the same time as Fnab, classified according to Banff criteria and secured by a positive re-
sponse to treatment or by histologic reassessment of graft nephrectomy. DN: diabetes mellitus, IgA: IgA 
nephropathy, RPGN: rapidly progressive glomerulonephritis, SLE: systemic lupus erythematous, FSGS: foc-
al segmental glomerulosclerosis, TIN: tubulointerstitial nephritis, HTN: hypertension, CGN: chronic glo-
merulonephritis, PKD: adult polycystic kidney disease, DGF: delayed graft function. 

 
second grafts that received quadruple sequential therapy, including two to five 
doses of thymoglobulin, according to the number of blood lymphocytes; also, in 
15 first KTx Rapamycin (RAPA) substituted for MMF, and in twenty-three of 
first KTx an IL-2Rα-chain antibody was added. The therapeutic target whole 
blood levels for CsA, TAC and RAPA during the first three months post-KTx 
were 150 - 250 ηg/ml, 6 - 12 ηg/ml and 4 - 12 ηg/ml, respectively. Moreover, all 
patients had a panel of reactive antibodies less than 10% with the exception of 
second KTx. 
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One hundred and twenty-four KTx remained rejection-free for the first year 
post-KTx, at least, 78 treated with CsA and 46 with TAC, including 14 cases 
treated with RAPA, and 21 with IL-2Rα-chain antibody. Forty-five KTx devel-
oped an acute rejection episode at a median of 13.5 ± 415 days post-KTx, 29 ep-
isodes occurred during the first month, six cases during the second and third 
month, and ten cases after the third month post-KTx. Twenty-nine of these acute 
rejection cases were treated with CsA and sixteen with TAC, including one pa-
tient treated with RAPA, two with IL-2Rα-chain antibody, and three with quadruple 
therapy. Every acute rejection episode was diagnosed by a biopty-gun biopsy 
done at the same time as the Fnab procedure and read by an independent pa-
thologist following the standardized Banff criteria. The rejection diagnosis was 
further secured by either a positive response to treatment or by histologic reas-
sessment of graft nephrectomy. Acute rejection was treated with either: 1) 3 
pulses of IV 250 - 500 mg methylprednisolone; 2) thymoglobulin, minimum of 
two doses; or 3) 5 - 12 sessions of plasmapheresis and IgG at 0.4 gr/kg weight, if 
the episode was graded IIa or greater or when c4d positivity was observed along 
with donor-specific antibodies. Only two cases proved to be treatment resistant, 
and both patients had their graft surgically removed before the first month 
post-KTx. 

All patients received prophylaxis with ganciclovir/valganciclovir when the 
donor was positive and the recipient was negative for CMV, and whenever thy-
moglobulin was administered. Furthermore, each KTx received cotrimoxazol as 
prophylaxis for Pnemocystis jirovecii during the first six to twelve months post- 
surgery. 

Among the rejection-free cases, Fnab were done on day seven (in close to 80% 
of cases) and on days 14 or 30 post-KTx for the remaining KTx, 90 - 150 min af-
ter the morning intake of immunosuppressive drugs, and on the day of the bi-
opty-gun biopsy among rejection cases. The corresponding blood sample was 
drawn with the Fnab procedure. As a rule, one patient provided one sample for 
analysis.  

2.1. Immunocytochemistry Studies 

The Fnab samples was submitted to a 700 rpm cytocentrifugation for 10 min and 
kept at −70˚C until testing.  

The cytoslides were brought back to room temperature and they were sub-
mitted to the immunocytochemistry studies by the enzymatic Avidin Biotin 
Complex (ABC) method using the detection system UltraVisionTM, HRP/DAB 
(Horseradish Peroxidase/Three, 3’Diaminobenzidine Tetrahydrochloride) from 
Thermo Scientific, UK. All the incubations were done at room temperature. Brief-
ly, the cytoslides were hydrated in ethanol 95˚ and incubated with hydrogen pe-
roxide for 15 min to peroxidase blocking, followed by a rinse in distilled water 
and Tris Buffered Saline (TBS) solution at pH = 7.4. Then, for blocking unspe-
cific immunoglobulins, it was done 10 min incubation with Ultra V Block from 
Lab VisionTM. After removal of the excess of the unspecific serum, the primary 
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antibody at the appropriated dilution was added for 60 min incubation. In the 
end, the cytoslides were washed in distilled water and dipped for 10 min in TBS 
before 10 min of incubation with the secondary antibody, at a concentration of 4 
μg/ml of rabbit anti-goat. After rinse of the secondary antibody excess with TBS, 
a new incubation for 10 min with Streptavidin Peroxidase followed with 10 min 
rinse in TBS and then the addition of DAB Chromogen and DAB Substrate for 
10 min incubation. Finally, hematoxylin from Mayer’s Hematoxylin, Dako Cyto- 
mation was applied followed by a rinse in running tap water for 2 min and one 
min dehydration with ethanol 95˚, and a coverslip with Entellan mounting me-
dium. The primary antibodies used included a goat polyclonal IgG at 40 μg/ml, 
for IRF3 and a goat polyclonal IgG at 4 μg/ml for IRF7, both acquired from San-
ta Cruz Biotechnology. From each cytoslide every kidney tubular cell (R) was 
counted as well as every lymphocyte and monocyte-macrophage (L/M), both neg-
ative and positive for the antibody in order to present the absolute values of pos-
itive cells as well as the ratio of positive cells for both R cells and for L-M cells in 
an attempt to correct for the variation in cellular Fnab sample contents.  

2.2. ELISA Studies in Fnab Culture Supernatants 

Fnab samples were cultured as previously described (28). Briefly, the samples 
were aspirated into 6 ml of RPMI medium with heparin lithium at 125 U/ml and 
after red blood cell lysis the crude cell suspensions were adjusted to a final con-
centration of 5 × 104 cells/200 μl. (Typically, each Fnab had between 0.3 to 1.06 
cells/ml and samples from acute rejection carried higher cell numbers than the 
others procured from stable cases). Fnab cultures were done in RPMI medium 
supplemented with penicillin, gentamicin and L-glutamine, 10% of autologous 
serum obtained from the blood sample drawn concurrently with Fnab procedure 
and 10 U/ml of rIL-2. After 48 hours of incubation at 37˚C and 5% of CO2 su-
pernatants were collected and kept at −70˚ until testing.  

The IFNα study in Fnab culture supernatants was done by ELISA according to 
the manufacturer’s instruction, PBL Biomedical Laboratories, employing micro-
titer plate wells coated with purified human IFNα standard and using 100 μl for 
each test sample.  

2.3. Statistical Analysis 

The statistical analysis included the determination of median, SD, and interquar-
tile ranges. The comparisons for serum creatinine and whole blood immune- 
suppressor drugs levels were done by unpaired Student’s T test, and the compar-
ative analysis for IRF3, IRF7, and IFNα results by Mann-Whitney U test. The 
correlations between the IRFs and IFNα with serum creatinine and blood drug 
levels were tested using Spearman correlation. The sensitivity, specificity, Nega-
tive Predictive Value (NPV) and Positive Predictive (PPV) and areas under the 
ROC were evaluated when indicated.  

This study was approved by the Faculty of Medicine of University of Porto 
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and University Hospital of S. João, Porto joint Committee of Ethics. Informed 
consent was obtained from each patient and the study was conducted in com-
pliance with the Good Clinical Practice Guidelines declaration of Helsinki and 
Istanbul.  

3. Results 

The median and interquartile range for serum creatinine among rejection-free 
cases on day seven post-KTx was 3.8 mg/dl and 1.4 - 7.4 mg/dl, respectively and 
5.1 mg/dl and 2.4 - 10 mg/dl, respectively for acute rejection group (P = 0.01); 
2.7 mg/dl and 1.4 - 10 mg/dl on days 14 and 30 post-KTx combined (P > 0.05 on 
comparing stable cases on day seven with day 14 - 30 combined, P = 0.01 when 
comparing day 14 - 30 combined with acute rejection day). Nineteen cases of 
delayed graft function were remarked among rejection-free cases and eleven 
among acute rejection cases. The whole blood levels for CsA, TAC and RAPA 
were within the limits of the transplant unit protocol in almost every case and no 
episode of calcineurin toxicity or of clinical important CMV disease occurred. 
However, both CsA and TAC blood levels were significantly inferior among 
acute rejection as compared with all the rejection-free KTX, P = 0.001 and P = 
0.004, respectively. No significant difference was observed when comparing 
HLA matching for rejection-free cases with acute rejection cases but a significant 
correlation was observed between the presence of anti-HLA antibodies pre-KTx 
and acute rejection (P = 0.004). 

In Table 2 we present the IRF3 results. A highly significant difference was 
observed concerning IRF3 expression which was up-regulated in acute rejection 
patients, whether relating the absolute numbers of positive cells, P = 0.0002, ra-
tio of positive cells over R cells, P < 0.0001, or ratio of positive cells over LM 
cells, P < 0.0001. Despite a down-regulation of IRF3 expression was noticed 
among IL-2Rα-chain antibody treated cases, this did not reach a statistically sig-
nificant level. Also, no correlation was observed between blood drug levels and 
IRF3 expression, as well as a positive but non-significant correlation was ob-
served between IRF3 expression and creatinine values among acute rejection 
cases, r = 0.29. 

In Table 3 we present the findings concerning IRF7. A significant up-regulation 
of IRF7 was noticed among acute rejection cases. Yet, there was non-significant 
down-regulation of IRF7 among treated KTx as compared to triple therapy, but 
a significant difference was observed comparing the absolute numbers of posi-
tive cells counted among stable triple therapy and those with stable IL-2Rα-chain 
antibody treatment (P = 0.02) and the ratio positive cells over lymphocyte/mono- 
cytes (P = 0.023). This up-regulation of IRF7 expression was the opposite ob-
served for IRF3 expression among IL-2Rα-chain antibody treated KTx. Even so, 
a highly diagnostic performance was found for the absolute values of IRF7 ex-
pression using a cut-off of 35 cells. Of difficult comprehension was the positive 
correlation, 0.56, between the absolute number of positive cells for 
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Table 2. Results for IRF3 expression in Fnab cells.  

 
A 

n = 36 
A1 

n = 21 
A2 

n = 15 
B 

n = 17 
Mann-Whitney 

P 

Absolute number 
51.9 ± 38.5 
[21 - 76] 

60.6 ± 40 
[31 - 78] 

36.7 ± 27.3 
[16 - 53] 

156 ± 74 
[110 - 188] 

A1 vs A2: 0.07 
A vs B: 0.0002 

PosCells/Rcells 0.16 ± 0.15 
[0.04 - 0.16] 

0.18 ± 0.15 
[0.07 - 0.3] 

0.21 ± 0.24 
[0.04 - 0.3] 

1.4 ± 1.9 
[0.4 - 1.14] 

A1 vs A2: 0.42 
A vs B: 0.0001 

PosCells/LM 
0.18 ± 0.2 
[0.06 - 0.2] 

0.22 ± 0.24 
[0.08 - 0.23] 

0.17 ± 0.17 
[0.05 - 0.22] 

0.64 ± 0.34 
[0.29 - 1] 

A1 vs A2: 0.50 
A vs B: 0.0001 

Group A: all stable KTx; A1: Fnab on day 7, triple therapy; A2: Fnab with IL-2Rα-chain antibody therapy; 
group B: acute rejection group. Results expressed as absolute number of positive cells, ratio of positives over 
renal parenchymal cells (R), ratio of positives over total of lymphocyte-monocyte/macrophage cells (LM); val-
ues given as median ± SD and lower and upper quartiles between brackets. 

 
Table 3. Results for IRF7 expression in Fnab cells.  

 
A 

n = 21 
A1 

n = 8 
A2 

n = 7 
A3 

n = 6 
B 

n = 13 
Mann-Whitney 

P 

Absolute number 
17.2 ± 33 

[1 - 9] 
4.8 ± 4.3 
[1.5 - 7] 

2.8 ± 3.1 
[0 - 6] 

54.6 ± 44 
[33 - 67] 

83.4 ± 72 
[37 - 95] 

A1 vs A3: 0.020 
A2 vs A3: 0.014 
A vs B: 0.0008 

PosCells/Rcells 
0.08 ± 0.1 
[0.01 - 0.1] 

0.07 ± 0.08 
[0.01 - 0.1] 

0.015 ±0.01 
[0 - 0.03] 

0.18 ±0.17 
[0.1- 0.21] 

0.38 ± 0.62 
[0.14- 0.35] 

A1 vs A3: 0.19 
A2 vs A3: 0.009 

A vs B: 0.002 

PosCells/LM 
0.06 ± 0.09 
[0.01- 0.04] 

0.02 ± 0.02 
[0.01- 0.03] 

0.01 ± 0.01 
[0 - 0.02] 

0.19± 0.09 
[0.2- 0.26] 

0.8 ± 0.86 
[0.14 - 1] 

A1 vs A3: 0.023 
A2 vs A3: 0.009 
A vs B: 0.0002 

Group A: stable KTx; A1: Fnab on day 7, standard triple therapy; A2: Fnab, treated with quadruple (thy-
moglobulin) therapy; A3: treated with IL-2Rα-chain antibody; group B: acute rejection group. Results ex-
pressed as absolute number of positive cells, ratio of positives over (R) cells, ratio of positives over total of 
lymphocyte-monocyte/macrophage cells (LM); values given as median ± SD and lower and upper quartiles 
between brackets. 

 
IRF7 and calcineurin inhibitor drug levels among stable KTx and a negative 
correlation, −0.53, when restricted to acute rejection KTx. This negative correla-
tion was also clearly observed for the ratio of positive cells over lymphocyte-mono- 
cytes and calcineurin inhibitor drug levels in acute rejection, r = −0.87. 

In Table 4 and Table 5 are the results for acute rejection diagnosis perfor-
mance, following the analysis for cut-off points, for IRF3 and IRF7 respectively, 
which reached very high values. The best diagnostic performance was achieved 
by the ratio of positive cells for IRF3 over the renal parenchymal cells, the op-
timal cut-off being 0.382 translated into a positive predictive value of 0.824 and a 
negative predictive value of 0.912. Also, in Figure 1 and Figure 2, we show the 
results assessed for AUC of the ROC curves and distribution of non-rejection 
patients and acute rejection group, either for absolute numbers of positive cells, 
ratio of positive cells over R cells or ratio of positive cells over LM cells, for IRF3 
and IRF7 respectively.  
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Table 4. IRF3 diagnostic performance.  

IRF3 Absolute number Pos cells/Rcells Pos cells/LM 

Sensitivity 0.824 0.824 0.941 

Specificity 0.882 0.912 0.735 

Positive predictive value 0.778 0.824 0.640 

Negative predictive value 0.909 0.912 0.962 

Positive likelihood ratio 7.00 9.333 3.556 

Negative likelihood ratio 0.200 0.194 0.080 

The cut-off points for absolute number of positives, ratio of positives over number of renal cells (R) and ra-
tio of positive cells over number of lymphocytes plus monocytes-macrophages (LM) were 93, 0.382 and 
0.187, respectively. 

 
Table 5. IRF7 diagnostic performance.  

IRF7 Absolute number Pos cells/Rcells Pos cells/LM 

Sensitivity 0.923 0.769 0.692 

Specificity 0.850 0.800 1.000 

Positive predictive value 0.800 0.714 1.000 

Negative predictive value 0.944 0.842 0.833 

Positive likelihood ratio 6.15 3.846 ∞ 

Negative likelihood ratio 0.090 0.288 0.308 

The cut-off points for absolute number of positives, ratio of positives over number of renal cells (R) and ra-
tio of positive cells over number of lymphocytes plus monocytes-macrophages (LM) were 35, 0.14 and 0.29, 
respectively. 
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Figure 1. IRF3 regulatory factor could segregate Non-Rejection (NR) patients from those with 
Acute Rejectin (AR). The score model was practiced on 34 NR and 17 AR samples to generate a 
scale Q score ranging from 0 to 300 for Absolute Value (AV), from 0 to 7 and 0 to 1 for Pos.Cel.R. 
and Pos.Cel.LyMo ratios respectively. The AUC of the ROC curves and the disribution of NR and 
AR are shown in the figure. (A) For AV the Youden optimal cut-off method set a threshold at 93 
with a corresponding sensitivity of 82.4% and specificity of 88.2%. The AUC of the ROC curve was 
0.894 (P < 0.0001); (B) For the ratio PosCelR the Youden optimal cut-off method set a threshold at 
0.382 with a corresponding sensitivity of 82.4% and specificity of 91.2%. The AUC of the ROC 
curve was 0.904 (P < 0.0001); (C) For the ratio PosLM the Youden optimal cut-off method set a 
threshold at 0.187 with a corresponding sensitivity of 94.1% and specificity of 73.5 The AUC of the 
ROC curve was 0.894 (P < 0.0001). 

 
In Table 6 we present the results for IFNα in supernatants of Fnab cultures 

and in Table 7 the results for acute rejection diagnostic performance which were 
surprisingly very high by using the cut-off 104 pg/ml. We did not find any sig-
nificant correlation between IFNα synthesis by Fnab cultures and drug blood le-
vels or serum creatinine. In Figure 3 are the IFNα results assessed for AUC of 
the ROC curves and distribution of non-rejection patients and acute rejection 
group. 

4. Discussion 

Our study done in a group of human renal transplant cases highlights a clear 
significant difference in IRF3 and IRF7 expression on graft-infiltrating cells ob-
tained from Fnab samples of acute rejection patients. Furthermore, those cells when 
incubated under appropriate conditions, synthesize large amounts of IFNα as com-
pared to stable ones. There have been few reports on these factors among KTx 
[21] and as far as we are aware, ours is the first report on diagnostic ability of 
these factors in KTx or in any organ transplant for that matter.  

The low number of cases did not allow a subdivision of different kinds of re-
jection, especially the cellular and humoral types, and of irreversible rejection 
crisis (we were able to include only two such episodes), although a non-significant 
positive correlation was observed between serum creatinine and IRF3 expression 
within the acute rejection group suggesting the higher expression of IRF3 on graft- 
infiltrating cells the higher the rejection severity grade. Also, we noticed a non- 
significant IRF3 down-regulation among IL-2Rα-chain antibody-treated KTx, a the- 
rapy which we have previously reported to significantly down-regulate TLR2 and 
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Figure 2. IRF7 regulatory factor could segregate Non-Rejection (NR) patients from those 
with Acute Rejectin (AR). The score model was practiced on 20 NR and 13 AR samples to 
generate a scale Q score ranging from 0 to 200 for Absolute Value (AV), from 0 to 2.5 and 0 
to 1 for PosCelR and PosLM ratios respectively. The AUC of the ROC curves and the dis-
ribution of NR and AR are shown in the figure. (A) For AV the Youden optimal cut-off 
method set a threshold at 35 with a corresponding sensitivity of 92.3% and specificity of 
85.0%. The AUC of the ROC curve was 0.860 (P < 0.0001); (B) For the ratio PosCelR the 
Youden optimal cut-off method set a threshold at 0.14 with a corresponding sensitivity of 
76.9% and specificity of 80.0%. The AUC of the ROC curve was 0.827 (P < 0.0001); (C) For 
the ratio PosLM the Youden optimal cut-off method set a threshold at 0.29 with a corres-
ponding sensitivity of 69.2% and specificity of 100%. The AUC of the ROC curve was 0.890 
(P < 0.0001). 

 
Table 6. IFNα results in Fnab culture supernatants.  

A1 
n = 34 

A2 
n = 14 

B 
n = 15 

Mann-Whitney 
P 

75.1 ± 14.4 
[62 - 87] 

63.1 ± 14.1 
[52 - 72] 

212 ± 216 
[105 - 178] 

A1 vs A2: 0.20 
A vs B: 0.0001 

Group A1: stable cases; A2: Fnab on days 7 in cases treated with Rapamycin; group B: acute rejection group. 
Results expressed as pg/ml; values given as median ± SD and lower and upper quartiles between brackets. 
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Table 7. IFNα diagnostic performance for a cut-off point of 104. 

IFNα value 

Sensitivity 0.867 

Specificity 1.000 

Positive predictive value 1.000 

Negative predictive value 0.960 

Positive likelihood ratio ∞ 

Negative likelihood ratio 0.133 

 

 
Figure 3. The synthesis of IFNα growth factor could discriminate Non-Rejection (NR) 
patients from those with Acute Rejectin (AR). The score model was practiced on 48 NR 
and 15 AR samples to generate a scale Q score ranging from 33 to 831 ng/mL. The AUC 
of the ROC curves and the disribution of NR and AR are shown in the figure. The You-
den optimal cut-off method set a threshold at 104 with a corresponding sensitivity of 
86.7% and specificity of 100%. The AUC of the ROC curve was 0.970 (P < 0.0001).  
 
TLR9 expression [27], but IRF7 displayed an opposite behaviour under this 
therapy. On the other hand, quadruple therapy is associated with a non-significant 
down-regulation of IRF7 as compared to triple therapy and we regret that we 
could not make the same comparison for IRF3 because of the scarcity of sam-
ples. Moreover, we did not observe a significant correlation between IFNα quan-
tity measured in the Fnab culture supernatants with serum creatinine or with 
blood drug levels.  

We were surprised by the very high diagnostic performance of IRF3, IRF7 and 
IFNα, each of them displaying a positive predictive value higher than 0.8 and a 
negative predictive value higher than 0.90. Such as we were anticipating that some 
of the high values could be confounded by the events pertaining to the IRI process, 
nonetheless that turned not to be the case, as can be also inferred by consulting 
the tables showing a clear separation between the upper quartiles in stable cases 
as compared to the lower quartiles in acute rejection ones. The most highlighting 
is brought by comparing the ratios of positive cells over the total of renal cells 
present where the lower quartile for acute rejection is more than the double of 
the upper quartile for stable cases for IRF3, and 40% higher for IRF7 doing the 
same comparison. We remember that the renal function at the end of the first 
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week among stable cases was still not good enough, the serum creatinine was 3.8 
mg/dl, a value usually observed among KTx receiving organs from brain dead 
donors. 

As depicted in Figure 4, IRF3 and IRF7 have been described as the principal 
mediators of IFNα [13]. While IRF3 is ubiquitously expressed, IRF7 is expressed 
at very low levels, except in plasmacytoid dendritic cells where it is relatively 
abundant [14]. Moreover, IRF7 expression is induced by IFNα resulting in a 
feedforward loop [31]. While several promoters of IRF3/IRF7 expression and ac-
tivity could be advanced in the KTx context, TLR2, TLR4 and TLR9 will be 
among them [5]. TLR4 activates TRIF which via IKK kinase signalling will result 
in IRF3 activation [32]. Among several TLR4 ligands the DNA-binding protein 
high-mobility group box 1 and several cellular heat shock proteins will be rele-
vant in IRI context [5]. Other TLR could be triggered during IRI. In a model of  
 

 
Figure 4. Schematic representation of IRFs and TLRs pathways in the context of kidney transplantation. The stimu-
lation and engagement of several TLRs and other PRRs in immune cells launch signal and activate several effector 
mediators that are essential for TLR function and innate immune response. Downstream signalling inducing type I 
IFN, is mediated by initial binding to either MyD88 (TLR7/8/9) or TRIF (TLR3/4), followed by recruitment of mul-
ticomponent protein complexes. MyD88 recruited to TLR7/8/9 complexes with IRAK1, TRAF6, TRAF3, and the ki-
nases TAK1 and IKKα, which phosphorylate and thus activate IRF7 to drive type I IFN expression. Also, in an inde-
pendent MyD88 signalling, TRIF may be activated via IKKε and TBK1 phosphorylating IRF3 and IRF7. Secreted 
IFNs then bind and activate the type I IFN receptors in an autocrine or paracrine manner leading to enhance in-
flammation, proliferation and immune regulation. As a result, the adaptive immune response may enhance acute in-
flammatory responses controlled by innate immunity and so, in organ transplants graft function and survival may be 
influenced. TLRs, toll-like receptors; DAMPs, damage-associated molecular patterns; PRRs, pattern recognition re-
ceptors; IFN, interferon; IL, interleukin. This image was adapted from [43]. 
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myocardial ischemia TLR2 and TLR9 mRNA expression was highly increased in 
the infarcted area together with IRF3 and IRF7 [33]. Something remote from our 
present study, IRF3/7 have been associated with systemic lupus [17] [34] and 
together with other IRFs they play several roles in cardiometabolic homeostasis 
[35]. Anyway, the message carried by our findings about IRF3 and IRF7 was 
greatly empowered by our data about IFNα. The attention given to this interfe-
ron has been much less than that attributed to IFNγ which is produced as a re-
sponse to foreign antigens by T lymphocytes and natural killer cells both strong-
ly associated with rejection. We have previously analysed IFNγ synthesis by 
Fnab samples incubation and only found it in two of twenty-two stable KTx and 
five of twenty-two acutely rejecting KTx [36]. Certainly, the timing for IFNγ 
measurement was not optimal as pointed by Danzer who showed that the peak 
of IFNγ synthesis occurs by day six of incubation of mixed lymphocyte cultures 
[37]. We collected the culture supernatants at 48 hours because it was a good 
compromise to measure other growth factors we were also interested. However, 
in the same study [36] we did observe a significantly higher increase of IL-2 syn-
thesis in acute rejection KTx, a difference reaching a good discriminatory power 
from stable cases. We searched for IL-12 that has been attributed a primordial 
role to the T helper 1 subtype priming and subsequent IL-2 production [38]. Con-
trary to our anticipation, IL-12 was not increased among acute rejection cases 
[28], confirming other observations of lack of correlation between IL-12 mRNA 
in graft-infiltrating cells with acute rejection [39], but we did observe a signifi-
cantly higher production of IL-18 among acute rejection KTx [29]. Although by 
itself IL-18 is able to stimulate T cells, taking good notice of the present results 
we surmise that the combination of IL-18 with IFNα will be very able to effi-
ciently prime the adaptive immune response and specifically, of IL-2-producing 
T cells, among other consequences. This is not to dismiss the potential of IFNα 
by itself to strongly influence the events post-KTx. IFNα was able to induce KTx 
rejection when administered as therapy for hepatitis C patients submitted to 
transplantation between nine and 66 months before [25] and the same was even 
observed with combined liver-kidney recipients a combination associated with 
easier operational immune tolerance. Furthermore, liver transplant patients have 
presented different complications following IFNα treatment post-transplant, in-
cluding acute rejection of previously immunologically stable grafts [26]. Howev-
er, these situations, where these detrimental effects are observed with variable 
frequency but are far away from the one we are studying, the IRI period, when a 
diversity of stimuli turn around to prime the IFNα response [5] [40]. Also, the 
remarkable positive predictive value for acute rejection exhibited by IFNα is an 
indirect sign of its non-redundancy. 

Our study suffers from a few limitations. It is a retrospective study where the 
number of samples is not large, which prevented the subdivision we were look-
ing for regarding different types of acute rejection and different immunosup-
pressive drug protocols. So, we were restricted to study KTx treated with stan-
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dard of care immunosuppressive drugs. Furthermore, as a result of the limited 
amount of each sample we were unable to analyse both IRFs in the same patient 
sample. More relevant, following the restrictions inherent to human studies a 
sequential sampling of the same KTx could not be performed. Also, the timing 
for Fnab sampling among stable cases were concentrated at day seven post-trans- 
plant, with around 20% of Fnab done between day 7 and day 30 post-surgery, 
whilst for acute rejection patients Fnab sampling was guided by acute rejection 
appearance, which encompassed a wide period of time, at a median of 13.5 ± 415 
days post-KTx, yet close to 60% of the events were observed during the first 
month. Anyway, the other later cases could only be better relieved from the IRI 
process making our data rather stronger than weaker. 

It could also be said that our Fnab samples are contaminated by a variable 
amount of peripheral blood, which is true. However, we have repeatedly showed 
that the cell types present in Fnab are different from those present in the peri-
pheral blood, implying that what we are seeing reflects, although with imperfec-
tions, the changes taking place inside the renal grafts that do not appear at the 
peripheral blood level [41] [42]. 

This acknowledged, we believe our data are rather consistent and produce 
further information on anti-allograft response, particularly during the important 
early period post-transplantation bringing to the forefront type I interferon and 
its main stimulators IRF3 and IRF7.  
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