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Diagnosis of Intraocular Lymphoma by Polymerase
Chain Reaction Analysis and Cytokine Profiling of
the Vitreous Fluid
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Abstract

Purpose: To determine whether a diagnosis of intraocular lymphoma (IOL) can be made using a com-
bination of polymerase chain reaction (PCR) analysis to detect gene rearrangement of immunoglobulin
and cytokine concentrations in the vitreous fluid.

Methods: Vitreous samples from 22 patients with clinically suspected IOL and ten control patients with

acute retinal necrosis or cytomegalovirus retinitis were examined by PCR analysis and cytokine measure-

ments. Genomic DNA was extracted from the cells in the vitreous, and the immunoglobulin heavy chain

(IgH) gene was amplified by two PCR procedures: (1) microdissection and PCR to detect JgH gene

rearrangement and (2) qualitative PCR to detect /gH VDI gene rearrangement. The supernatants of

the vitreous samples were used for enzyme-linked immunosorbent assay to determine interleukin (IL)-10
. and IL-6 levels.

Results: PCR examinations detected /gH rearrangement in the vitreous in 21 of the 22 1OL patients
(95.5%) and in none of the ten control patients. Elevated [L-10 concentrations (>100 pg/ml) and the"
IL-10/IL-6 ratio (>1.0) were positive in 18 of the 22 IOL patients (81.8%), but negative in all of the
control patients. Sensitivity, specificity, positive predictive value, and negative predictive value of PCR
for the diagnosis of IOL were calculated to be 0.955, 1.000, 1.000, and 0.909, respectively, and those of
the cytokine concentration assay to be 0.818, 1.000, 1.000, and 0.714, respectively. When both the intra-
vitreal cytokine assay and PCR analysis of the vitreous samples are used, as well as diagnostic criteria
of IOL defined as a positive outcome from orne of the two assays together with clinical signs, the sensitiv-
ity and specificity of the criteria were 1.000.

Conclusions: A combination of PCR assay to detect gene rearrangement of [gH and cytokine profiling
(IL-10 and IL-6) is extremely useful for the diagnosis of intraocular lymphoma. Jpn J Ophthalmol
2009;53:209-214 © Japanese Ophthalmological Society 2009

Key Words: IL-10, immunoglobulin gene rearrangement, intraocular lymphoma, polymerase chain
reaction, vitreous fluid

Introduction

Intraocular lymphoma (IOL) is a high-grade malignant
non-Hodgkin lymphoma most often of a B-cell type that

Received: July 13, 2008 / Accepted: January 14, 2009
Correspondence and reprint requests to: Manabu Mochizuki,
Department of Ophthalmology & Visual Science, Tokyo Medical and
Dental University Graduate School of Medicine, 1-5-45 Yushima,
Bunkyo-ku, Tokyo 113-8519, Japan
e-mail: m.manabu.oph@tmd.ac.jp

atfects the retina, choroid, vitreous, or the optic nerve."”
IOL is considered to be a subtype of primary central nervous
system lymphoma (CNS lymphoma). When IOL is diag-
nosed and no CNS lesions are detected, the condition is
referred to as primary IOL. In addition, IOL can occur as
secondary lesions following systemic lymphoma and is then
referred to as metastatic 10L. Histopathologically, most
IOLs are classified according to the World Health Organi-
zation Classification for Hematologic and Lymphoid Neo-
plasms as diffuse large B-cell lymphomas.
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Clinically, IOL is commonly found in elderly patients
with a nonspecific corticosteroid-resistant uveitis. At the
initial presentation, [OL exhibits signs and symptoms very
similar to uveitis and is often treated with corticosteroids.
Diagnosis of IOL cannot be made on the basis of clinical
signs and symptoms. Furthermore, cytological diagnosis
using vitreous samples is often negative, in part because of
poor biopsy samples. Polymerase chain reaction (PCR) has
been used examine monoclonal rearrangements of immu-
noglobulin heavy chain (JjgH) in B-cell lymphoma,*® and
the interleukin (IL)-10 concentration’ and the IL-10/IL-6
ratio® in ocular fluids have also been used. Although many
reports™' support the value of these diagnostic investiga-
tions, some studies have reported false-positive or false-
negative results from these diagnostic tests for [OL."2

The aim of the present study therefore was to determine
whether a combination of these two investigational tests of
vitreous biopsy samples could be used for the diagnosis of
IOL.

Materials and Methods
Subjects

Vitreous fluid samples from 22 patients with clinically sus-
pected IOL and ten controls with acute retinal necrosis
(ARN) (seven patients) or cytomegalovirus retinitis (three
patients) were examined between 2000 and 2007 at Tokyo
Medical and Dental University Hospital. IOL was clinically
suspected in a patient when either vitreous opacities or
subretinal white lesions with unknown etiology or with sys-
temic lymphoma/CNS lymphoma were observed, and when
all routine diagnostic laboratory tests for uveitis were nega-
tive. As for the ten control patients, all had active intraocu-
lar inflammation at the time of sampling. An aliquot
(0.8-1.0 ml) of vitreous fluids was collected at the beginning
of the vitrectomy.

Informed consent was obtained from each patient before
the sample collection. The research followed the tenets of
the Declaration of Helsinki, and the Institutional Ethics
Committees of Tokyo Medical and Dental University
approved all study protocols.

Cytological Examination

Specimens were centrifuged at 7280 g for 8 min at 4°C. The
cell pellet was then resuspended in fresh RPMI-1640
medium, cytocentrifuged for 10 min, and placed directly
onto a gelatinized slide. Giemsa- and Gram-stained slides
were prepared and examined at the Pathology Department
of our hospital. The results of the cytological examination
were classified according to Papanicolaou classes I-V.

Jpn J Ophthaimol
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Polymerase Chain Reaction for IgH Gene
Rearrangement

Immunoglobulin heavy chain (IgH) gene rearrangement of
B-cell lymphoma in the vitreous fluids was examined using
two independent PCR assays: (1) gene rearrangement by
microdissection and PCR and (2) IgH VDI gene rearrange-
ment by qualitative PCR.

Microdissection was performed by Chi-Chao Chan at the
Laboratory of Immunology of the National Eye Institute
(NEI) in the United S tates as follows. In brief, atypical cells
with large nuclei were identified under a light microscope
in paraffin sections stained with H&E. The histologic area
of interest on the slide was gently scraped with a 30-gauge
needle until the selected cells were detached from the tissue
section, DNA was extracted from the microdissected cells,
and PCR was performed as previously described.*" The
search used primers for the third framework (FR3A), the
second framework (FR2A), and the complementary deter-
mining region 3 (CDR3) of the Vy; region. Independently,
we also performed a conventional qualitative PCR for diag-
nosis of IOL at our laboratory. The primers for the IgH
VDJ gene and the PCR conditions, described previously,*
differed from those used at NEI. The products were sub-
jected to PCR in the presence of the primers (1 pmol),
200 mM deoxynucleotide triphosphates, and 2.5 U of Tag
polymerase in a buffer containing 50 mM KCl and 1.5 mM
MgCl,. Samples were subjected to 40 cycles of amplification
consisting of denaturation for 1 min at 94°C, annealing for
1 min at 55°C, and polymerization for 1 min at 72°C. As a
positive control, Raji cell lines (Burkitt lymphoma cells)
were used. The PCR products were analyzed by 10% poly-
acrylamide gel electrophoresis and ethidium bromide stain-
ing. All vitreous samples were tested for the presence of
B-actin as an internal control.

The PCR results for IgH gene rearrangement were taken
as supportive of the diagnosis of IOL when either microdis-
section and PCR at NEI (FR3A, FR2A, or CDR3 gene) or
PCR at our laboratory (VDJ gene) was positive.

Enzyme-Linked Immunosorbent Assay for
Measurement of IL-10 and IL-6 in the Vitreous

Using the supernatants of the vitreous samples, we deter-
mined the concentrations of IL-6 and IL-10 using enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems,
Minneapolis, MN, USA). A minimum of 50l of each
diluted vitreous sample was used for the ELISA assay.
Samples were stored at —80°C until use, and cytokine assays
were performed on freshly thawed samples.

The cytokine assay of the vitreous fluids of the IOL
patients was taken as supportive of the diagnosis of IOL
when IL-10 concentrations were >100 pg/ml and the IL-10/
IL-6 ratio was >1.0.
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Diagnostic Values of IgH Gene Rearrangement and
Cytokine Assay of the Vitreous Samples

Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of the detection of IgH
gene rearrangement by PCR and of the cytokine assay of
the vitreous samples were calculated from the clinical
data.

Statistical Analysis

Statistical analysis was performed using the Mann-Whitney
U test. Statistical significance was set at P < 0.05.

Results
Clinical Features

The clinical characteristics of the patients are summarized
in Table 1. All patients had clinically suspected IOL with
retinal or vitreous lesions, and in all patients uveitis was
clinically excluded. Of the 22 I0OL patients, 13 had primary
IOL limited to the eyes at the time of diagnosis and no evi-
dence of CNS, systemic, or spinal cord lymphoma; two had
CNS lymphoma (cases 14 and 15); seven had metastatic
IOL with lymphoma in organs other than the CNS. All
metastatic IOL patients and CNS lymphoma patients had
been previously diagnosed as having lymphoma in the
respective organs when they came to our clinic.

Table 1. Intraocular lymphoma clinical details

21

Cytological Examination of Patients with IOL

Almost all of the vitreous samples of patients with sus-
pected IOL were submitted to the Pathology Unit of our
hospital for cytological examination. Of the 20 IOL patients,
only four (20%) were histopathologically diagnosed as
having lymphoma (class V); most were classified as class II
or I1I (Table 2). The details of the diagnostic examination
based on the vitreous samples are summarized in Table 2.
Most samples were defined as class IIT (19/28, 68%),
with four samples defined as class II (14%), and the one
remaining sample as class IV (only 4%). In one patient
(case 17 in Table 2), no cells were detected in the samples.
Although case 7 was classified as primary IOL, the patient
did not undergo cytological examination at the first evalua-
tion because the patient had been clinically diagnosed as
having ARN.

IgH Gene Rearrangement Detected by PCR of the
Vitreous Samples

PCR to detect JgH gene rearrangement was carried out
at either NEI or our laboratory in Tokyo in 22 patients
with suspected IOL and ten control patients (Table 2).
IgH gene rearrangements (VDJ, FR3A, FR2A, or CDR3)
were detected in 21 of the 22 patients with suspected
IOL (95.5%). In only one patient (case 8 in Table 2) was
IgH gene rearrangement negative according to the PCR
assays at both NEI and our laboratory. On the other
hand, in none of the ten patients with ARN or cytomega-

Age Primary Ocular lesions at initial CNS
Case (years) Sex organ Diagnosis presentation involvement Current status
1 69 F Eye Primary IOL Vitreous & retina Yes Deceased
2 9 F Eye Primary IOL Vitreous No Alive
3 62 F Eye Primary IOL Vitreous & retina Yes Deceased
4 76 F Eye Primary IOL Vitreous & retina No Alive
5 57 M Eye Primary IOL Vitreous & retina Yes Deceased
6 70 M Eye Primary IOL Retina No Alive
7 56 M Eye Primary IOL Vitreous & retina Unknown Unknown
8 82 F Eye Primary IOL Retina No Alive
9 78 M Eye Primary IOL Vitreous & retina No Alive
10 73 F Eye Primary IOL Vitreous No Alive
11 75 F Eye Primary IOL Retina No Alive
12 56 F Eye Primary IOL Retina Yes Deceased
13 70 M Eye Primary IOL Vitreous No Alive
14 69 M Brain {CNS) Primary IOL Vitreous & retina Yes Deceased
15 66 M Brain (CNS) Primary IOL Vitreous Yes Alive
16 82 F Pharynx Metastatic JOL Vitreous No Alive
17 86 F Neck Metastatic IOL Vitreous & retina Yes Deceased
18 45 M Appendix Metastatic IOL Vitreous No Alive
19 67 M Stomach Metastatic IOL Vitreous No Alive
20 38 F Breast Metastatic IOL Vitreous Yes Deceased
21 87 M Head Metastatic IOL Vitreous & retina Yes Deceased
22 73 M Testis Metastatic IOL Retina No Alive

Patients 1 to 15 had primary IOL, including CNS lymphoma. Patients 16 to 22 had metastatic [OL.

10L, intraocular lymphoma; CNS, central nervous system.
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Table 2. Vitreous fluid examinations of patients with intraocular lymphoma and in controls

ELISA (R/L) ELISA (R/L) PCR (R/L) PCR (R/L)
Cytology IL-10/IL-6
Case Diagnosis Source  (R/Ly  IL-10 (pg/ml) IL-6 (pg/mi) ratio Microdissection & PCR  IgH VDI rearrangement
1 Primary IOL VF 1 5000 50 100 +) nd
2 Primary I0L VF 1II <10 <i0 - +) -)
3 Primary IOL VF I 1075 20 54 + (+)
4 Primary I0L VF  1IIIb 15000 70 214 +) (+)
5 Primary IOL VF 1I/V 24080 /43479 11298 /1245 2/35 nd / nd /)
6 Primary IOL VF 1 33 61 0.5 nd +)
7 Primary IOL VF nt 2364 387 6 nt (+)
8 Primary IOL VF 11 1233 148 8 nt nd
9 Primary IOL VF mrsv 1923 /138 37/<10 521714 nt/nt (+) / nt
10 Primary 10L VF IV/II 109/172 31/30 4/6 -) (RS
11 Primary IOL VF  V/1I 33957238 1891/ 144 2/2 nt/nt +)/+)
12 Primary IOL VF I 250 50 5 -) +)
13 Primary IOL VF 1l 348 5 70 nt +)
14 Primary IOL VF /11 82/<10 <10/<10 8/~ nt /)
15 Primary I0OL VF V 4643 157 30 nt +)
16 Metastatic IOL VF ITTb 2053 12 171 nd (+)
17 MetastaticIOL VF  nd 16000 1050 15 +) nt
18 Metastatic IOL  VF 1l 1680 119 14 nt +)
19 MetastaticIOL ~ VF 1T/ 1]t 126 /207 201/113 06/1.8 (-)/nt (+)/ (+)
20 Metastatic IOL ~ VF  IlIb /111 470/ 64 15746 31/14 /=) =)/ (+)
21 Metastatic IOL ~ VF I/ IIIb 380/ 580 250 /350 1.5/1.7 i) 7+
22 Metastatic IOL ~ VF  1I 505 733 0.7 ) (+)
23 ARN VF  nt 90 1080 0.1 nt )
24 ARN VF nt 764 956 0.8 nt (-)
25 ARN VF nt 172 22759 0.01 nt =)
26 ARN VF nt 122 660 02 nt (=)
27 ARN VF nt 375 24404 0.02 nt (-)
28  ARN VE ot 201 1833 0.1 nt -
29 ARN VF nt 188 834 0.2 nt =)
30 CMVR VF nt <10 874 0 nt -)
31 CMVR VF 1 <10 12929 0 nt at
32 CMVR VF nt <10 724 0 nt nt

The cytology results were classified according to the Papanicolaou classes 1-V. Microdissection and PCR detected the JgH rearrangement

gene in FR3A, FR2A, and CDR3.

PCR for B-cell lymphoma was also performed using specific primers for fgH VDIJ rearrangement.

ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; IL, interleukin; nd, no decision (due to lack of sufficient
sample volume, insufficient cell number, or negative B-actin internal control); nt, not tested (due to limited tissue); ARN, acute retinal necrosis;
CMVR, cytomegalovirus retinitis; VF, vitreous fluid; ARN, acute retinal necrosis.

lovirus retinitis, was IgH gene rearrangement detected by
PCR.

IL-10 and IL.-6 Concentrations in the Vitreous
Samples

The intravitreal concentrations of IL-10 and IL-6 in the IOL
patients and the control patients with ARN and cytomega-
lovirus retinitis are summarized in Table 2. The mean con-
centrations of IL-10 and IL-6 in the 30 vitreous samples of
the 22 IOL patients were 4187 + 1696 pg/ml and 617 *
377 pg/ml, respectively. On the other hand, the mean con-
centrations of IL-10 and IL-6 in the ten vitreous samples of
the ten control patients were 181 + 75 pg/ml and 6705 +
3053 pg/ml, respectively. In the patients with IOL, the IL-10
concentrations were significantly higher than those of IL-6
(P = 0.0006), whereas in the control patients, the 1L-6 con-

centrations were significantly higher than those of IL-10
(P = 0.0003). The IL-10/IL-6 ratio was >1.0 in all but three
of the patients with IOL (cases 2, 6, and 22), whereas it
was <1.0 in all of the control patients.

Eighteen of the 22 (81.8%) patients with suspected [OL
met the criteria of a cytokine profile supportive of the diag-
nosis of IOL, that is, IL-10 concentration >100 pg/ml and
IL-10/1L-6 >1.0. On the other hand, none of the ten control
patients met the criteria.

Diagnostic Parameters of IgH Gene Rearrangement
and Cytokine Profiling of the Vitreous

The diagnostic parameters of sensitivity, specificity, PPV,
and NPV of the molecular examinations (/gH gene rear-
rangement by PCR) for the diagnosis of IOL were calcu-
lated to be 0.955, 1.000, 1.000, and 0.909, respectively. The
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sensitivity, specificity, PPV, and NPV of the immunological
tests (IL-10 >100 pg/ml and IL-10/IL-6 >1.0) in the vitreous
were calculated to be 0.818, 1.000, 1.000, and 0.714, respec-
tively. If we define the diagnostic criteria for I0L as a
positive outcome in one of the two assays (intravitreal cyto-
kine assay and PCR} together with clinical signs, all of our
22 patients with suspected IOL could be diagnosed as
having IOL and all ten control patients as not having IOL,
indicating that the sensitivity and specificity of the criteria
were 1.000.

Discussion

The aim of the present study was to determine whether a
molecular examination detecting the IgH gene rearrange-
ment by PCR and an immunological test measuring the
IL-10 and IL-6 concentrations in the vitreous fluid provide
supportive evidence for the diagnosis of IOL. The data
clearly showed that both the molecular examination and the
immunological test were diagnostic of [OL, as demonstrated
by the high values of sensitivity, specificity, PPV, and NPV
of each investigation and of the combination of the two. In
addition, positive criteria from either the molecular exami-
nation or the immunological test gave extremely high values
for the diagnostic parameters.

In the present study, we used two independent PCR
methods to detect IgH gene rearrangement: (1) microdis-
section and PCR to detect the FR3A, FR2A, or CDR3
genes and (2) conventional PCR to detect the VDI gene.
Because the primers and probes used in the two methods
differed, we speculated that use of the two molecular inves-
tigations would increase the possibility of detecting IgH
gene rearrangement than would use of a single PCR assay.
A discrepancy was found in the PCR results between the
two assays in some patients with suspected IOL, which was
due in part to the differences in the methods used. However,
a combination of the two PCR assays was useful in the
diagnosis of IOL. IgH gene rearrangement was not detected
by either PCR method in only one patient (case 8), but the
patient had a high concentration of IL-10 (1233 pg/ml) and
a low concentration of IL-6 (148 pg/ml), and an IL-10/IL-6
ratio of 8. In addition, this patient had clinically suspected
IOL with multiple retinal exudates, and uveitis was clini-
cally excluded.

With regard to the immunological testing of the vitreous
fluid, all but one of the patients with suspected IOL (case
2) had detectable levels of IL-10 in the vitreous. In most of
the patients with suspected IOL, the 1L-10 concentration in
the vitreous was very high, but in two patients (cases 6 and
14), it was <100 pg/ml. In three of these patients (cases 2, 6,
and 14), the molecular investigation yielded positive results
in that IgH gene rearrangement was detected by PCR. The
IL-10/IL-6 ratio was >1.0 in all but three of the patients with
suspected 10L (cases 2,6, and 16). In the three patients with
IL-10/IL-6 <1.0, the molecular test was also positive. In the
control group, IL-10 was detectable in the vitreous in many
patients, especially in all seven of the patients with ARN.
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However, the concentration of IL-6 in the vitreous was
much higher than that of IL-10 in all of the IOL patients,
and the IL-10/1L-6 ratio was <1.0 in all control patients.
Ongkosuwito et al.” previously reported the cytokine pro-
files in the ocular fluids of 44 eyes with infectious uveitis.
They found increased IL-6 levels in 44 control eyes and 43
eyes with infectious uveitis. Moreover, they detected IL-10
in ten eyes with ARN and 13 eyes with toxoplasmosis, but
in only three control samples. As reported by many inves-
tigators,"" primary IOL is strongly associated with an IL-
10/IL-6 ratio >1.0.

The present molecular and immunological data suggest
the following: (1) IgH gene rearrangement in vitreous cells
can be negative in some IOL patients; (2) low or undetect-
able levels of 1L-10 in the vitreous or an IL-10/IL-6 ratio
<1.0 can be detected in some IOL patients; and (3) high
IL-10 concentrations in the vitreous can be detected in
some uveitis patients such as ARN patients. Thus, the data
in the present study, together with those of many previous
studies,'™2'*® indicate that one cannot make a definite
diagnosis of TOL on the basis solely of molecular investiga-
tions or solely of immunological tests of vitreous samples.
In this study, therefore, we analyzed the values of four
diagnostic parameters for the molecular investigation, the
immunological test, and the combination of the two. We
used the following criteria as results supportive of the diag-
nosis of IOL: (1) detection of IgH gene rearrangement by
either of two PCR assays in the molecular investigation
and (2) IL-10 >100 pg/ml or [L-10/IL-6 >1.0 in the immu-
nological test. Although the sensitivity, specificity, PPV,
and NPV of the molecular investigation alone were 0.955,
1.000, 1.000, and 0.909, respectively, and those of the immu-
nological test alone were 0.818, 1.000, 1.000 and 0.714,
respectively, and considered to be high, a positive outcome
from one of two assays (IgH gene rearrangement by PCR
and cytokine assay of the vitreous sample) gave much
higher values for the diagnostic parameters: 1.000 for all
four parameters. In the clinical situation, we need to make
difficult decisions based on the diagnosis as to whether
patients with suspected IOL should be treated with intra-
ocular and systemic chemotherapy, which are very inva-
sive. Therefore, the diagnosis should be as accurate as
possible.

In conclusion, on the basis of a molecular investigation
to detect fgH gene rearrangement and immunological
testing to measure IL-10 and IL-6 in the vitreous, a patient
who has the intraocular signs of suspected IOL and positive
results from the molecular investigation and from the
immunological testing of the vitreous sample must be con-
sidered as having IOL, and the treatment strategies should
be decided accordingly.
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A significant association of viral loads with corneal
endothelial cell damage in cytomegalovirus anterior

uveitis

Masaru Mivanaga,'? Sunao Sugita," Norio Shimizu,® Tomohiro Mario,*
Kazunori Miyata,? Kazuichi Maruyama,® Shigeru Kinoshita,® Manabu Mochizuki'

ABSTRACT

Aim The aim of the study was to investigate the
correlation between the clinical manifestation and the
cytomegalovirus (CMV) viral load in the aqueous humour
of patients with CMV anterior uveitis.

Methods Seven patients with CMV-associated
irdocyclitis and four patients with CMV-associated
corneal endotheliitis were enrolled. Presence of CMV, but
not other human herpes viruses, was confirmed by
multiplex polymerase chain reaction (PCR). Viral load
was measured using real-time PCR. Clinical
manifestations were examined using a slit-lamp
microscope and ophthalmoscope, applanation tonometer
and specular microscope.

Results All 11 patients had unilateral recurrent anterior
uveitis with high intraocular pressure and mutton fat
keratic precipitates with pigmentation. Stromal oedema
of the cornea was found in CMV-associated endotheliitis,
but not in CMV-associated iridocyclitis patients. A
significant corneal endothelium cell loss was recorded in
all 11 patients with CMV-associated endotheliitis and
iridocyclitis patients. High viral loads of CMV were
detected in the aqueous humour of all 11 patients. A
significant association was found between the corneal
endothelial cell loss intensity and CMV viral load in the
aqueous humour.

Conclusion There is a significant correlation between
the CMV viral load and corneal endothelial cell loss in
both CMV-associated iridocyclitis and corneal
endotheliitis.

INTRODUCTION

Cytomegalovirus (CMV) is a member of the
human herpes virus family and is found in latent
infections in the majority of the adult population.
In immunocompromised hosts, the virus causes
necrotising retinitis,' but has been thought not to
cause any diseases in immunocompetent hosts.
However, a previous study showed local production
of anti-CMV antibodies in the aqueous humour of
an immunocompetent patient with iridocyclitis
with elevated intraocular pressure (I0P).2 In addi-
tion, recent studies using qualitative PCR have
demonstrated that genomic CMV DNA is present
in the aqueous humour of immunocompetent
patients with unilateral iridocyclitis® ™S as follows.
Markomichelakis et a/® reported two cases of irido-
cyclitis with sectoral iris atrophy in which CMV
was detected by PCR, and de Schryver et al* also
reported five similar cases. In the recent report by
Chee et al,” they studied if there was a relationship

between the CMV viral load in the aqueous and
clinical manifestation of the diseases such as either
acute or chronic iridocyclitis, eg Posner—Schlossman
syndrome and Fuchs heterochromic iridocyclitis.
CMV genomic DNA was also detected in the
aqueous humour of immunocompetent patients
with another inflammatory condition of the eye, ie
corneal endotheliitis, in three previous reports.”~”
Corneal endotheliitis is an inflammatory condition
at the corneal endothelium in which keratic
precipitates (KPs) develop together with severe
stromal oedema in the cornea, whereas iridocyclitis
has cells and flare in the anterior chamber with or
without KPs but no stromal oedema in the cornea.

The real-time PCR made it possible to measure
the viral load quantitatively. Thus, the use of this
assay makes it possible to determine the clinical
significance of the viral infection in the pathogen-
esis of human diseases. Our previous report showed
a high CMV genomic DNA load in the aqueous
humour in an immunocompetent patient with
unilateral iridocyclitis with high IOPS However, the
correlation between the viral load in the aqueous
humour and the clinical manifestation of the disease
(iridocyclitis versus corneal endotheliitis) was not
investigated. Therefore, we examined if there was
any correlation between the CMV viral load in the
aqueous humour and the clinical manifestation of
anterior inflammatory diseases associated with
CMV. We showed a significant correlation between
the CMV viral load in the aqueous humour and the
endothelial cell damage of the cornea in patients
with iridocyclitis and corneal endotheliitis
associated with CMV.

MATERIALS AND METHODS
Subjects
Between 2006 and 2008, 11 patients with CMV-
associated inflammation in the anterior segment of
the eye, ie seven patients with CMV-associated
iridocyclitis and four patients with CMV-associated
corneal endotheliitis, were enrolled. These patients
were from Tokyo Medical and Dental University
Hospital (Tokyo, Japan), Miyata Eye Hospital
(Miyakonojo, Miyazaki, Japan) and Kyoto Prefec-
tural University Hospital (Kyoto, Japan). Diagnosis
was made based on clinical manifestations and the
qualitative detection of the CMV genomic DNA in
the aqueous humour by the multiplex PCR. The
viral Joad in the aqueous humour was further
measured quantitatively by the real-time PCR.

An aliquot of 0.1 ml of the aqueous humour was
aspirated with a 30G needle after disinfection and
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processed for PCR. Anti-viral therapy was not given before the
PCR assay, but topical corticosteroids were given by local
ophthalmologists to treat intense anterior uveitis. The interval
between the disease onset and the aqueous humour sampling
varied among the patients.

Polymerase chain reaction
The aqueous humour samples were centrifuged at 1000 g for
5min and used for multiplex PCR and real-time PCR.' !
Multiplex PCR was designed to qualitatively measure the
genomic DNA of eight human herpes viruses: herpes simplex
virus type 1 (HSV-1) and type 2 (HSV-2), varicella zoster virus
(VZV), Epstein—Barr virus (EBV), CMV, and human herpes virus
type 6 (HHV-6), type 7 (HHV-7) and type 8 (HHV-8). DNA was
extracted from the aqueous humour samples using a DNA
minikit (Qiagen, Valencia, California, USA). Multiplex PCR was
performed using LightCycler (Roche, Basle, Switzerland). The
primers of the glycoprotein gene sequences for CMV were
TACCCCTATCGCGTG TGTTC (forward) and ATAG-
GAGGCGCCACGTATTC (reverse). The probes used included 3 -
fluorescein isothiocyanate: TCGTCGTAGCTACGCTTACAT
and LcRed705-5": ACACCACTTATCTGCTGGGCAGC. Specific
primers for the virus were used in conjunction with Accuprim Taq
(Invitrogen, Carlsbad, California, USA). PCR amplification condx-
tions used in the current study have been reported previously.'?
Real-time PCR was only performed for the HHV, with
multiplex PCR used to detect the genomic DNA. Amplitaq Gold,
with a Real-Time PCR 7300 system (ABI, Foster City, California,
USA), was used to perform the procedure. The forward and
reverse primers of immediate early (IE)-1 were CATGAAGGT-
CTTTGCCCAGTAC and GGCCAAAGTGTAGGCTACAATAG,
respectively. FAM-TGGCCCGTAGGTCATCCACACTAGG-TAMRA
was used as the probe. The PCR amplification conditions used in
the current study were previously r 3ported by Sugitaet al.'' When
more than 50 copies per tube (5 10°/ml) were observed, the value
of the sample’s viral copy nurnber was considered to be signiﬁcant.

Clinical evaluation

Clinical manifestations of the eye were determined by a slit-
lamp microscopic and ophthalmoscopic examination. Each
patient underwent best corrected visual acuity (BCVA)
measurement using a Japanese standard decimal visual acuity
chart (Landolt ring chart) after treatment. Anterior chamber
flare was measured by a laser flare photometer (FC-1000; Kowa
Electronics, Nagoya, Japan). A photograph of the central cornea
using a specular microscope (NONCON ROBO FA-3509; Konan
Medical, Nishinomiya, Japan) was used for evaluation of the
corneal endothelial cells. In cases of corneal endotheliitis, intense

~Clinical science|

corneal oedema disturbed the measurements of the corneal
endothelium, and we measured corneal endothelial cell counts
after the inflammation was reduced by the treatment.

Evaluation of corneal endothelial cell loss

The relationship between the CMV viral load in the aqueous
humour and the intensity of the corneal endothelial cell loss was
assessed. The corneal endothelial cell loss was determined
according to the following formula:

Corneal endothelial cell loss(%) =
100 —

(endothelial cell counts in the fellow eye)x100

(endothelial cell counts in affected eye)/

Statistical analysis
Statistical analysis was performed using the Mann—Whitney U
test. Statistical significance was set at p<0.05. Linear regression
analysis was performed using the Spearman’s correlation coeffi-
cient by rank test.

RESULTS
Clinical manifestations
Nine men and two women ranging in age from 23 to 71 years
(mean age 60.6 years) were enrolled in the study. No abnormal-
ities were found in the systemic investigations and laboratory
tests. Serology examinations for human immunodeficiency virus
were all negative. None of the patients had any history of eye
surgery prior to the onset of uveitis. Clinical findings of the
CMV-associated iridocyclitis patients (n=7) and corneal endo-
theliitis patients (n=4) are shown in table 1. A unilateral mild
anterior uveitis with high IOP was noted in all 11 patients. There
were no significant differences between the iridocyclitis and
corneal endotheliitis groups in the cells and flare values in the
anterior chamber, nor were there any differences noted for the
elevated levels of IOF, KPs, gonioscopic findings and iris atrophy.
Stromal oedema of the cornea was seen in all corneal endothe-
liitis but not in iridocyclitis patients. While the stromal oedema
was diffuse in three out of the four patients, it was localised at
upper cornea in one of the corneal endotheliitis patients. Repre-
sentative cases for iridocyclitis and corneal endotheliitis are
shown in figures 1 and 2, respectively. As for the IOP elevation, all
11 eyes required anti-glaucoma medications, with two eyes
(cases 1 and 2) requiring trabeculectomy. With regard to the iris
atrophy, no sectorial iris atrophy was seen in all 11 eyes, although
four eyes (two each in the iridocyclitis and the corneal endo-
theliitis groups, respectively) presented diffuse iris atrophy.
Systemic valganciclovir therapy (1800 mg/day for longer
than 3 weeks) in conjunction with topical corticosteroids and

Table 1 Clinical findings in patients with CMV anterior uveitis

Age Corneal Cells Flare 0P Pigmentation in Iris
Case (years) Sex Eye Diagnosis oedema KPs in AC in AC (mmHg) the AC angle atrophy
1 66 M R Iridocyclitis Mutton-fat 1+ 17 38 Depigmentation None
2 62 M R Iridocyclitis Mutton-fat 1+ 26 40 PAS and pigment Diffuse
3 56 M L Iridocyclitis Mutton-fat 1+ 13 44 Depigmentation Diffuse
4 53 F R Iridocyclitis Mutton-fat 1+ 13 36 Depigmentation None
5 n M L Iridocyclitis Mutton-fat 2+ 28 25 PAS None
6 63 M R Iridocyclitis Fine 1+ Nt 50 Depigmentation None
7 23 M R Iridocyclitis - Fine 1+ Nt 25 Depigmentation None
8 n M R Endotheliitis + (diffuse) Mutton-fat 2+ 151 37 PAS None
9 67 M R Endotheliitis + (diffuse) Fine 1+ 14 25 Depigmentation Diffuse
10 64 F L Endotheliitis + (superior) Fine 1+ 21 28 Depigmentation None
" n M R Endotheliitis + (diffuse) Mutton-fat 1+ 12 43 PAS Diffuse

Information from 11 patients with CMV anterior uveitis were reviewed. Data collected included intraocular pressure and clinical manifestation of the anterior segments in the affected eye.
AC, anterior chamber; F, female; KP, keratic precipitate; M, male; Nt, not tested; PAS, peripheral anterior synechia.
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Figure 1 Case 4: Slit-lamp microscopy photo with cytomegalovirus-
associated iridocyclitis. Mutton fat keratic precipitates with some
pigmentation were scattered within the central area of the cornea. There
was mild inflammation found within the anterior chamber.

anti-glaucoma agents effectively controlled the inflammation in
the anterior segment of the eye as well as the high IOP.

Corneal endothelial cell loss

Specular microscopic examination revealed significant corneal
endothelial cell loss (=35%) in all 11 patients (table 2). Severe
corneal endothelial cell loss larger than 70% was recorded in more
than one-half of the endotheliitis group eyes. In contrast, this

Figure 2 Case 8: Slit-lamp microscopy photo with cytomegalovirus-
associated corneal endotheliitis. Diffuse corneal stromal oedema with
folds in Descemet’'s membrane was observed.

338

severe cell loss was observed in one of the seven patients with
iridocyclitis.

There were several patients (cases 1, 8, 10 and 11; see table 2)
with corneal endothelial cell counts <700 cells/mm?®. Among the
patients, three cases had a low visual acuity between 0.3 and 0.6.
However, one patient had a good visual acuity of 1.5.

PCR analysis of the aqueous humour samples

Multiplex PCR analyses confirmed the presence of CMV
genomic DNA, but none of the other human herpes viruses
(HSV-1, HSV-2, VZV, EBV, HHV-6, HHV-7 or HHV-8) in all 11
of the patients (table 2).

Quantitative real-time PCR detected significant viral loads of
CMV genomic DNA in the aqueous humour of all 11 patients,
with values ranging from 5.4X10% to 5.9%10° copies/ml (table
2). The mean values for the CMV viral load in the iridocyclitis
and corneal endotheliitis groups were 9.4x10° and 1.2x10°
copies/ml, respectively. The differences in CMV wviral load
between the two groups were not significant (p=0.571).

The corneal endothelial cell damage intensity was correlated
to the CMV viral load in the aqueous humour. Results of the
linear regression analysis demonstrated a positive correlation
between the CMV viral load and the corneal endothelial cell loss
(Spearman’s correlation coefficient by rank test, r=0.664;
p=0.036; figure 3).

However, there was no correlation between the interval from
the disease onset to the aqueous sampling and the viral load in
the aqueous humour (Spearman’s correlation coefficient by rank
test, r=0.445; p=0.159). Furthermore, the interval from the
disease onset to the sampling was not correlated with the corneal
endothelial cell damage intensity (Spearman’s correlation coef-
ficient by rank test, r=0.373; p=0.239). In addition, there was
also no correlation between the viral load and many other ocular
findings, such as cells and flare in the anterior chamber, types of
KPs, gonioscopic findings, IOP and post-treatment BCVA.

DISCUSSION

The present study analysed ocular manifestations and CMV
viral loads in the aqueous humour of patients with CMV-asso-
ciated iridocyclitis and corneal endotheliitis. Our major findings
included: (1) presence of significant corneal endothelial cell loss
in both corneal endotheliitis and iridocyclitis tested eyes; and (2)
a significant correlation between corneal endothelial cell loss and
CMV viral load in the aqueous humour.

Even though it has been demonstrated that viral infections
play a significant role in many inflammatory diseases, a qualita-
tive PCR method that is capable of determining the pathological
role of these viral infections has yet to be elucidated. If the
presence of viral DNA in an affected disease site could be proven,
the quantitative determination and correlation with the clinical
manifestations of the viral infection could lead to a much deeper
understanding of the role of the virus as a pathogenic disease
candidate. For example, we have previously reported on two
intraocular inflammatory disorders: one involving uveitis asso-
ciated with human T-cell leukaemia virus type 1 (HTLV-1)13 14
and the other involving anterior uveitis associated with VZV.** In
HTLV-1 uveitis, a significantly higher HTLV-1 viral load was
detected in the peripheral blood mononuclear cells of the patients
compared with asymptomatic HTLV-1 carriers.'® This viral load
was significantly correlated with the vitreous inflammation of
the disease.' In our report on anterior uveitis associated with
VZV, we demonstrated there was a high VZV viral load within
the patient’s aqueous humour. Furthermore, there was a signifi-
cant correlation between the viral load and the intensity of the
iris atrophy in these patients.'®

Br J Ophthalmol 2010;94:336—340. doi:10.1136/bjo.2008.156422
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Table 2 Virological analysis and corneal endothelial cell findings in patients with CMV anterior uveitis

Herpes virus DNA

Endothelial cell count (cells/mm?)

cMv Corneal endothelial Post-treatment Interval from onset
Case (copies/ml) Others* Affected eye Fellow eye cell loss (%)t BCVA to sampling (months)
1 2.3%10° - 642 2738 77 0.4 96
2 55x10° s 1633 2869 43 08 8
3 1.3x10* - 1695 2789 39 15 48
4 6.5x10* - 1618 3576 55 15 24
5 3.5x10° - 1445 2608 38 1.2 14
6 5.9%10° - 919 2288 45 12 16
7 5.4x10° = 2512 3917 60 12 6
8 1.0x10° - 573 2427 76 0.6 12
9 2.8x10* - 1427 2262 35 0.7 5
10 1.2x10* - 593 2092 72 03 4
1 3.6x10° - 620 2674 77 15 20

Using aqueous humour samples, genomic DNA of the human herpes viruses was measured by qualitative multiplex PCR and quantitative real-time PCR. Corneal endothelial cell count was

examined by specular microscopy.

*Herpes viruses excluding CMV, ie herpes simplex virus type 1 and type 2, varicella zoster virus, Epstein—Barr virus, and human herpes virus types 6, 7 and 8.

tCorneal endothelial cell loss was calculated as described in the methods section.
BCVA, best-corrected visual acuity (decimal fraction); CMV, cytomegalovirus.

Although we found that there was a positive correlation
between the corneal endothelial cell loss and the CMV viral load
in the aqueous humour, there was no correlation between the
viral load and many other ocular signs such as cells and flare in
the anterior chamber, types of KPs, gonioscopic findings, IOF,
post-treatment visual acuity and the interval from the disease
onset to the aqueous sampling. These patients had been treated
with topical corticosteroids (eg betamethasone) and anti-glau-
coma agents (eg timolol and latanoprost) before they were
referred to us by local ophthalmologists. These treatments are
known to reduce the intensity of anterior uveitis, IOP and other
ocular manifestations, but have no effect on recovering the
corneal endothelial cell damage, because the corneal endothelial
cell damage is barely reversible.

The cells and flare in the anterior chamber were mild in all 11
patients. A possible explanation why the intensity of the
inflammatory reaction in the anterior chamber was so mild in
this disease might be related to the involvement of the anterior
chamber-associated immune deviation (ACAID).'® ¥ In an
experimental rabbit corneal endotheliitis model, eyes inoculated
with inactivated HSV-1 prior to an active HSV-1 infection
exhibited less severe inflammatory reactions and corneal endo-
theliitis. In addition, they also developed an immune deviation to
HSV-1.8 Although CMV-related ACAID has not been previously

100
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6() -
50 F
40 -
30+
20 -
10+

O 1 1 1 1 1 el J
1 10 10? 10 104 10° 10° 107
CMV viral load (copies/ml)

Corneal endothelial cell loss (%)

Figure 3 Correlation between cytomegalovirus (CMV) viral load and
corneal endothelial cell damage. The CMV viral load was plotted on

a logarithmic graph versus the corneal endothelial cell loss (%). The
scatter plot shows significant correlation between the CMV viral load and
the corneal endothelial cell loss (Spearman’s correlation coefficient by
rank test, r=0.664; p=0.036).
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reported, real-time PCR in the present study demonstrated that
CMV genomic DNA was present at high levels within the
anterior chamber of the patients. Therefore, it may be that
ACAID in response to CMV occurs in the eye, resulting in
a relatively mild inflammatory reaction.

While our results showed CMV infection in the anterior
segment of the eye caused inflammation and corneal endothelial
cells loss in immunocompetent hosts, our study cannot answer
many other questions. For example, why does CMV cause
intraocular inflammation in immunocompetent hosts? Where
does the CMV that is detected in the aqueous humour come
from? And how is CMV able to cause inflammatory disorder only
within the anterior segment of the eye? One possible explanation
why our patients developed CMV anterior uveitis is that all our
patients had been given topical corticosteroids for a long period of
time. This may have contributed to induce local immunosup-
pressive condition in the anterior segment of the eye and resulted
in reactivation of CMV?® Further clinical and experimental
investigations are necessary to clarify these important questions.

In conclusion, significant corneal endothelial cell damage was
detected in all CMV-associated iridocyclitis- and corneal endo-
theliitis-tested eyes. In addition, a significant correlation was
found between corneal endothelial cell loss and the CMV viral
load in the aqueous humour.
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