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Transcription factor NF-kB in the prognosis of outcomes
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Introduction

Corneal transplantation

is the most commonly

Background: Obtaining a clear graft after repeat keratoplasty is still a challenging
task for corneal transplant surgeons. Corneal transplant rejection rate is
significantly increased in repeat keratoplasty compared with first keratoplasty.
Activation of nuclear factor kappa B (NF-kB) plays a key role in the pathogenesis of
rejection of transplants of various organs and tissues, primarily due to production
of proinflammatory cytokines (TNF;, IL-1, etc.).

Purpose: To assess the role of transcription factor NF-kB in lymphocyte subsets in
the prognosis of outcomes for patients undergoing repeat keratoplasty.

Material and Methods: Forty-six patients (46 eyes) who underwent repeat
keratoplasty were included. Of these, 30 patients (group 1) developed an opacified
graft, and 16 (group 2) obtained a clear graft. Patient age ranged from 32 to 88
years. Imaging flow cytometry (ImageStream Mark II — AMNIS) and Amnis NF-kB
Translocation Kits (ACS10000, Millipore, Sigma) were used to assess percentages
of the cells with translocation of the NF-kB p65 subunit for lymphocyte subsets.
Statistical analyses were conducted using Statistica 13.0 (StatSoft, Tulsa, OK, USA)
software. The Mann—Whitney test was used to assess significance of differences.
Results: Percentages of the cells with translocation of the NF-kB p65 subunit were
higher in group 1 compared with group 2, particularly, for T-helpers (26.5[17; 29]
vs 12.2[11;21]; p=0.003), cytotoxic T-cells (24.0[17,;28] vs 11.5[7;15]; p=0.006),
NK cells (45.0[34,53] vs 18.2[16,39]; p=0.014), Thil7 cells (23.9[18;31] vs
14.3[12;21]; p=0.002), regulatory T cells (30.4[21;34] vs 17.4[16;22]; p=0.001)
and activated T helpers (21.918,;28] vs 11.4[11;17]; p=0.002).

Conclusion: There were substantially increased percentages of activated cells in
lymphocyte subsets (with the most pronounced increase for NK cells) of patients
who developed an opacified graft compared to those who obtained a clear graft
following re-keratoplasty. Assessment of percentages of the cells with translocation
of the NF-kB p65 subunit for lymphocyte subsets provides valuable information for
predicting graft rejection following re-keratoplasty.

environmental conditions, damage, inflammatory processes

performed transplant surgery in the world today. In
patients with high risk of corneal graft rejection, the
success rate at 10 years is as low as 35% [1]. Moreover,
corneal graft rejection rate is significantly increased in
repeat keratoplasty compared with first keratoplasty [2, 3].

Activation of nuclear factor kappa B (NF-kB) plays a
key role in the pathogenesis of rejection of transplants of
various organs and tissues, primarily due to production of
proinflammatory cytokines (TNF, IL-1, etc.) [4].

In addition, transcription factor NF-kB, a regulator
of gene expression, plays a central role in oxidative
injury associated with graft rejection. NFkB is a rapid
acting primary transcription factor which is involved
in the regulation of cellular response to unfavorable

and immune stimulation. It is found in the cytoplasm of
all cells; upon stimulation, NF-kB is translocated to the
nucleus, and induces the expression of more than 400
genes involved in a plethora of functions, such as immune
response, apoptosis and cell cycle. Therefore, NF-kB
controls biologically important cell functions (particularly,
but not only, innate and adaptive immunity processes in
various disorders) either directly or indirectly [5-7].

It has been suggested that NF-kB inhibition may have
a potential clinical value in the treatment of inflammatory
and autoimmune disorders and transplant rejection [5,
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8]. NF-kB activation plays a key role in the pathogenesis
of graft rejection; the factor can be activated by stimuli
like ischemic graft injury, presence of graft antigens,
and influence of cytokines, e.g., TNF-a and IL-1 [9; 10].
Eventually, this activation triggers pathological processes
(activation of endothelial cells and host T cells, maturation
of dendritic cells (patients antigen-presenting immune
cells)) leading to graft rejection.

The purpose of the study was to assess the role of
transcription factor NF-kB in lymphocyte subsets in the
prediction of outcomes for patients undergoing repeat
keratoplasty.

Material and Methods

Forty-six patients (46 eyes) who underwent repeat
keratoplasty were included. Of these, 30 patients (group 1)
developed an opacified graft, and 16 (group 2) obtained a
clear graft. Patient age ranged from 32 to 88 years. Patients
had a routine eye examination preoperatively. The control
group comprised 20 somatically healthy volunteers who
were comparable in age with patients.

Imaging flow cytometry (ImageStream Mark II —
AMNIS) and Amnis NF-kB Translocation Kits (ACS10000,
Millipore, Sigma) were used to assess percentages of the
cells with translocation of the NF-kB p65 subunit for
for the following lymphocyte subsets: CD3+ (T-cells);
CD3+CD4+ (T-helpers); CD3+CD8+ (cytotoxic T-cells);
CD3-CD19+ (B-cells); CD3- CD16+/CD56+ (NK cells);
CD4+CD25+CD127high (activated T-helpers — Tacts);
CD4+CD25+CD127low (regulatory T-cells — Tregs); and
CD4+CD161+CD3+ (Th17 cells). Flow cytometry was
used to assess immunocytochemically energy metabolism
in lymphocyte subsets by measuring the activities of
succinate dehydrogenase (SDH), the mitochondrial
Krebbs cycle and oxidative phosphorylation enzyme [11].

Anti-Hu NFkB (p50) Alexa Fluor® 488 (Amnis®
NF«B Translocation Kit) was used to recognize NFxB
p50, and 7-AAD, a fluorescence dye, was used for nucleus
staining. CD19-PE, CD4-PE, CD8-PE, CD (16/56)-PE,
CDI127-PE, CDI161-PE, CD3- ECD, CD4-PB, and CD25
PE-Cy7 Beckman Coulter monoclonal antibodies were
used to distinguish a particular cell subset. Imaging flow
cytometry was acquired on an Amnis ImageStream®
Mark II imaging flow cytometer (Millipore Sigma),
X40 magnification, with low flow rate using INSPIRE®
software. Data analysis was performed using IDEAS®
software (Amnis Corp., Seattle, WA). NF-xB nuclear
translocation was quantitatively measured using the
similarity feature which measures the similarity of p50
NF-kB fluorescence to 7-AAD nuclear staining on in-
focus single cells.

Statistical analyses were conducted using Statistica
13.0 (StatSoft, Tulsa, OK, USA) software. The Mann—
Whitney test was used to assess significance of differences.
Percentages of activated cells (with NF-kB translocation)
are presented as median and 25th-75th percentiles. The
level of significance p < 0.05 was assumed.

Results

B-cells had the highest percentages of activated cells
(with NF-kB translocation) among different lymphocyte
subsets (Fig. 1) both for patients and controls. The
percentage of activated cells (with NF-kB translocation)
was significantly higher for B-cells than for NK cells, T
helpers or cytotoxic T-cells (Fig. 1). In addition, NF-kB
activity was higher in NK cells than in T-cells; and in
T-helpers than in cytotoxic T-cells (Fig. 1).

The percentage of activated cells (with NF-kB
translocation) was statistically significantly higher in all
lymphocyte subsets (excepting B-cells) of patients who
underwent repeat keratoplasty compared with controls
(Table 1).

Among recipients, there was no significant difference
in NFkB activity between Th17 cells and total T-helpers.
In addition, compared to total T-helpers, NFkB activity
was increased in Treg cells and decreased in Tact cells
(Fig. 2). (Fig. 2).

However, among controls, NF-kB activity in Th17 cells
was significantly higher than in total T-helpers or activated
T-helpers, but there was no significant difference in NF-kB
activity between Th17 cells and regulatory T cells (Fig. 2).

When we compared NF-kB nuclear translocation
in patients developing an opacified graft following re-
keratoplasty (group 1) to patients obtaining a clear graft
following re-keratoplasty (group 2), we observed that
lymphocytes of the former patients had 1.7-2.47 times
higher levels of NF-kB nuclear translocation compared
to the latter patients, with a particular amount of increase
depending on the subset of lymphocytes, and the greatest
increase was found for NK cells (Fig. 3).

Figure 4 shows histograms of the frequency
distributions of the major subsets of lymphocytes by NF-
kB nuclear translocation (defined as the similarity score
between NF-kB and 7-AAD staining) for patient D who
obtained a clear graft, and patient G who developed an
opacified graft, 12 months following re-keratoplasty (Fig.
4). In the patient who developed an opacified graft, there
were significantly increased NF-kB nuclear translocation
levels in T-cells, B-cells and NK cells.

Analysis of minor subsets of lymphocytes demonstrated
that the percentages of Th17 cells and activated T-helpers
with NF-kB translocation were 1.7-times and 1.9-times,
respectively, higher in patients who developed an
opacified graft compared to those who obtained a clear
graft following re-keratoplasty (Fig. 5).

Our analysis of relations of the percentage of cells with
NFkB translocation with the number of cells in the subset
and the subset percentage (among total lymphocytes)
found that B cells were the only subset of lymphocytes
for which there was association between the percentage of
cells with NFkB translocation and the subset percentage
(among total lymphocytes). For this population, the
percentage of activated cells increased with a decrease in
the subset percentage (among total lymphocytes) (Pearson
correlation, r=-0.31).
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In addition, the percentages of activated T-cells and
T-helpers inversely correlated with activities of SDH in
these subsets (Pearson correlations, r=-0.31 and r=-0.33,
respectively, Fig. 6). Moreover, the percentage of NK
cells with NF-kB nuclear translocation increased with
a decrease in activities of SDH in these cells (Pearson
correlation, r=-0.45, Fig. 6).

Discussion

Corneal graft rejection, especially that following re-
keratoplasty, is a complex pathophysiological process
which has not been completely explored. Advances in
experimental immunology in recent years have led to new
insights into histoincompatibility response in primary and
repeat keratoplasty.

It is due to the immune privilege of the eye (particularly,
special structural and functional relationships in the
cornea and anterior segment of the eye) that a clear graft
is obtained following keratoplasty in the absence of risk
factors; this privilege is implemented by local and systemic
mechanisms [2].

A compromised corneal immune privilege creates
conditions for ‘switching on’ the mechanisms of transplant
immunity, and is a major risk factor for the development
of histoincompatibility response. An interaction between
recipient cells, donor cells and the immune system triggers
a sequence of reactions and mechanisms which lead to
graft opacity. Accordingly, there is increasing importance
of pre- and post-operative monitoring of the recipient’s
immune system and identifying the most informative
immunological characteristics for early detection of the
potential development of graft rejection.

Transcription factor NF-kB regulates innate and
adaptive immunity responses and is a major mediator
of inflammatory responses [5; 6]. NF-kB induces
expression of pro-inflammatory genes, including those
that encode cytokines and chemokines. Non-regulated
activation of NF-kB contributes to pathogenic processes
in different inflammatory disorders and plays a key role
in the pathogenesis of various organs and tissues [4].
Introduction of imaging flow cytometry in recent years
has enabled quantitative assessment of NF-kB activation
in cell subsets in transplants, and it was demonstrated that
the level of NF-kB translocation in T-cells can be used to
monitor therapeutic immune suppression after transplant
[12].

In the current study, the highest levels of NF-kB nuclear
translocation were observed in B-cells and NK cells both
for recipients and controls. Substantially increased levels
of NF-kB nuclear translocation were found in the major
subsets (T-cells and NK cells) and minor subsets (Th17,
Treg, Tact) of patient lymphocytes compared to control
lymphocytes.

There were substantially increased levels of NF-
kB nuclear translocation in all subsets of lymphocytes
(excepting B-cells) of patients who developed an
opacified graft compared to those who obtained a clear
graft following re-keratoplasty, with the most apparent

increase found for NK cells. Because an increase in NF-
kB activity precedes graft rejection [9], we believe that the
level of NF-kB translocation in NK cells may be used for
monitoring patients following repeat keratoplasty.

The importance of monitoring subsets of T helpers
(like Thl cells, Th17 cells, and regulatory T cells) for the
diagnosis and prediction of the host response to the graft
has been noted [13]. We have previously demonstrated
[14] that the percentage of Thl7 cells (from total CD4)
in recipients with graft rejection was increased compared
to patients with a clear graft both during corneal
transplantation and throughout the follow-up, with no
difference in the percentage of regulatory T cells (from
total CD4) between the two groups of patients.

However, we would like not only to be able to perform
quantitative assessment of lymphocyte subsets, but also to
have some criteria for assessing their functional activity.
Activation of transcription factor NF-kB in cell subsets
is a potential criterion of functional activity of these
subsets. We found that the percentages of cells with NF-
kB translocation among Th17 cells, regulatory T cells and
activated T helpers in patients developing an opacified
graft were significantly increased compared to patients
with a clear graft following re-keratoplasty. Therefore, an
opacified graft was observed in patients with an increased
percentage and activation of Th17 cells and activation of
regulatory T cells.

Interestingly, that NF-kB activity did not correlate with
the percentage of cells for T cells or NK cells and inversely
correlated with the percentage of B cells. It is likely due
to the fact that changes in the NF-kB activity of cells are
more abrupt than changes in the percentage of these cells.

Recent studies have assessed the relationships of the
level of NF-kB translocation with the functional activity
of the mitochondria and metabolic intensity [15, 16]. It
has been reported that the transcription factors NF-kB
control mitochondrial metabolism through the classical
pathway of transcription activation, with the p65 subunit
of NF-kB being able to penetrate mitochondria, bind
to the mitochondrial DNA, and inhibit the expression
of cytochrome oxidase (complex IV of oxidative
phosphorylation), thus contributing to a switch from
oxidative phosphorylation to glycolysis. We found that
the level of NF-kB translocation inversely correlated
with metabolic intensity assessed through the activity
of succinate dehydrogenase in T cells and NK cells: the
activity of succinate dehydrogenase decreased with an
increase in the level of NF-kB translocation.

Therefore, an increase in the level of NF-kB
translocation in subsets of T cells (NK cells, Th17 cells,
and regulatory T cells) is an early risk factor for corneal
graft rejection.
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Table 1. Percentages of cells with NF-kB nuclear translocation for lymphocyte subsets in recipients and controls

Percentages of cells with . . L
NF-kB nuclear translocation Recipients Controls Significance (p)
B-cells (CD19) 62.0 [39;75] 51.5[33;77] 0.8361
T-cells (CD3) 22.6[13;30] 15.3[13;17] 0.0067
T-helpers (CD4) 22.6 [15; 29] 13.6 [12; 18] 0.0020
Cytotoxic T-cells (CD8) 19.2 [12;28] 12.9[11;18] 0.0218
NK cells (CD16/56) 38.3 [30;55] 27.9 [20;34] 0.0265
Activated T-helpers ) .
(CD4+CD25+CD127high) 20.7 [13;28] 14.7 [9;18] 0.0045
Regulatory T-cells 25,8 [18;41] 17,0 [11;24] 0,0023
(CD4+CD25+CD127low) 25.8 [18;41] 17.0 [11;24] 0.0023
Th17 cells
(CD4+CD3+CD161+) 22.2 [16; 31] 17.5[16; 19] 0.0133
Median; Bex 25%-75% Whisker: Non-Oullier Range Recipients Controls
100
2 = Recipients P12=0.025 p1z=0.002
& % B Controls p13=0.000 | p15=0.000
S P1-+=0.000 P =0.000
g o p2-3=0.000 p23=0.002
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Fig. 2. Percentages of
cells with NF-kB nuclear
translocation for T-helper
subsets in recipients and
controls and significances of
differences between T-helper
subsets
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Fig. 4. Percentages of cells with NF-kB nuclear translocation for T-cells, B-cells and NK cells in a recipient developing

an opacified graft and that obtaining a clear graft

Note: The ordinate displays the normalized frequency of cells. The abscissa displays the similarity coefficient. Cells are

activated if similarity coefficients > 1 (R1 and R4 areas on the plots)
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