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ABSTRACT

Aim To measure the bacterial genome in ocular fluids and
to analyse the clinical relevance of infectious
endophthalmitis.

Methods Nineteen ocular fluid samples (eight aqueous
humour and 11 vitreous fluid samples) were collected
from 19 patients with suspected bacterial
endophthalmitis. Fifty ocular samples from uveitis
patients were also collected along with 40 samples from
patients without ocular inflammation and used as
controls. Bacterial ribosomal DNA (16S rDNA} was
measured by a quantitative PCR assay.

Results Bacterial 16S rDNA was detected in patients
with clinically suspected bacterial endophthalmitis (18/
19, 95%). With the exception of one case, high copy
numbers of bacterial DNA were detected
(1.7%10%—1.7x10° copies/ml) in these patients. There
were 10 samples (53%) with positive bacterial cultures
while there were nine samples {47%) with positive
Gram-staining. Real-time PCR detected bacterial 16S
rDNA in three (6%) of the 50 samples from the control
uveitis patients. In addition, none of the samples from
the control patients without intraocular inflammation
were positive.

Conclusions Quantitative broad-range PCR of bacterial
16S rDNA is a useful tool for diagnosing bacterial
endophthalmitis.

INTRODUCTION

Bacterial infectious endophthalmitis occurs due to
exogenous infections, such as those arising from
trauma and intraocular surgery, or from endoge-
nous infections, such as systemic infectious disor-
ders. Previous studies have wused PCR to
demonstrate the presence of bacterial DNA in the
ocular fluids in patients with infectious
endophthalmitis."™'° PCR has often been used to
provide evidence of bacterial involvement in the
eyes with suspected intraocular infections.® These
suspected infections include idiopathic endoph-
thalmitis and uveitis. Recent advances in molecular
biology along with the use of real-time PCR have
made it possible to determine quantitative
measurements of the viral load associated with
viral diseases in the eye." ™3 Several studies have
recently reported finding the bacterial ribosomal
RNA gene (16S 1DNA) in the ocular fluids of
patients with infectious endophthalmitis* & °
With primers of the bacterial 16S rRNA gene,
broad-range PCR can be used to detect the presence
of bacteria within the samples. In endophthalmitis
patients with previous intravitreal administration
of antibiotics, PCR methodology has been shown

Br J Ophthalmol 2011;95:345—349. doi:10.1136/bj0.2009.171504

to be more effective than bacterial cultures in
detecting bacterial DNA in the ocular fluids.'
However, even broad-range PCR has not been able
to determine quantitative information for the
bacterial genome in the ocular sample.

In the present study, after collecting ocular
samples from patients with suspected intraocular
infections, which included bacterial infectious
endophthalmitis, we attempted to detect and then
measure the Dbacterial genome using real-time
quantitative PCR with primers for 16S rDNA
amplifications.

MATERIAL AND METHODS

Subjects

Based upon medical history and clinical observa-
tions, 69 patients with endophthalmitis and uveitis
were consecutively enrolled in a prospective study
that was conducted from 2008 to 2009 at the Tokyo
Medical and Dental University Hospital. Samples
of aqueous humour and vitreous fluids were
collected from all patients. Nineteen patients (19
eyes: eight aqueous humour and 11 vitreous fluids)
had bacterial infectious endophthalmitis. Of these
19 patients, six had acute postoperative endoph-
thalmitis, four had late postoperative endoph-
thalmitis, one had post-traumatic endophthalmitis,
five had endogenous endophthalmitis, two had
keratitis-associated endophthalmitis, and one had
endophthalmitis after intravitreal injections of
bevacizumab.

The second patient group was also a prospective
study, and 50 ocular samples were collected from
various patients with uveitis. The underlying
pathology included idiopathic uveitis (n=21),
herpetic keratouveitis (n=3), herpetic anterior
iridocyclitis (n=3), acute retinal necrosis (n=>5),
cytomegalovirus retinitis (n=2), toxoplasmosis
(n=8), toxocariasis (n=2), sarcoidosis (n=2),
HTLV-1-associated uveitis (n=1), toxic lens
syndrome (n=1), Candida endophthalmitis (n=2)
and intraocular lymphoma (n=5). In this study,
fungal endophthalmitis cases such as Candida
endophthalmitis were classified as being part of this
patient group. All the patients displayed active
intraocular inflammation at the time of sampling.

In addition to the patient groups, we also analysed
samples from a control group. These patients were
enrolled in this prospective study in 2009. Forty
samples (20 aqueous humour and 20 vitreous fluids)
were collected from patients who did not have any
type of ocular inflammation (age-related cataract,
macular oedema secondary to branch retinal vein
occlusion, retinal detachment, idiopathic macular
hole or idiopathic epiretinal membrane).
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For the ocular sampling (asepsis), the following procedures
were performed in all subjects. In all of the eyes that were
sampled, the ocular surfaces, including the conjunctival sacs,
were rinsed once with an aqueous povidone iodine solution.
Subsequently, all of these eyes were then rinsed once with
a balanced-salt solution. A 0.1 ml aliquot of aqueous humour
was collected aseptically in a syringe with a 30 G needle. Half of
the sample was then transferred into a pre-sterilised microfuge
tube and used for PCR.

In patients with endophthalmitis/uveitis who were under-
going vitreous surgery, uncontaminated non-diluted vitreous
fluid samples (0.5—1.0 ml) were collected during diagnostic pars
plana vitrectomy (PPV). Immediately after collection, 100 ul of
the sample was transferred into a pre-sterilised microfuge tube
and used for PCR. None of the asepsis samples used for analysis
came from patients being given systemic antibiotics or from
patients who were receiving intraocular antibiotic injections.

Conventional microbiological investigations

The Bacteria Work Station of the Tokyo Medical and Dental
University Hospital processed all specimens (aqueous humour
and vitreous fluids) within 1 h after the sample collection, with
standard methods followed for the isolation and identification of
the aerobic and anaerobic bacterial cultures. The culture
methods followed conventional techniques that have been
previously published. ' Cultures were incubated for up to
7 days, with those lacking growth designated as culture-nega-
tive. Cytospin smears of the specimens were stained using
Gram’s method for detection of bacteria.

Quantitative PCR

DNA was extracted from samples using a DNA minikit (Qiagen,
Valencia, California, USA) installed on a Robotic workstation for
automated purification of nucleic acids (BioRobot E21, Qiagen).
The real-time PCR was performed using Amplitaq Gold and the
Real-Time PCR 7300 system (Applied Biosystems, Foster City,
California, USA). Primers and probes of bacterial 165 rDNA
and the PCR conditions are described elsewhere.'® The sense
primer (Bac349F) was 5 -AGGCAGCAGTDRGGAAT-3" and the
antisense primer (Bac806R) was 5 -GGACTACYVGGGTATCT-
AAT-3". The TagMan probe (Bac516F) was 5 -FAM-TGCCAGC-
AGCCGCGGTAATACRDAG-TAMRA-3". Products were subjected
to 50 cycles of PCR amplification, with cycling conditions set at
95°C for 10 min, followed by 50 cycles at 95°C for 15 s and 60°C
for 1 min. Amplification of the human B-globulin gene served as
aninternal positive extraction and amplification control. Bacterial
copy number values of more than 100 copies/ml in the sample
were considered to be significant.

Sensitivity of TagMan real-time PCR

To confirm the real-time PCR assay sensitivity, the 458 bp
fragments were amplified from the DNA of Staphylococcus aureus
(NBRC 12732) with Bac349F and Bac806R. The PCR fragments
were inserted into the pGEM cloning plasmid with the pGEM T-
Easy Vector Cloning System I kit (Promega, Tokyo, Japan). The
plasmid was digested with restriction enzyme Scal. Linearised
plasmid was controlled by gel electrophoresis and quantified by
using the Smart Ladder DNA size and mass marker (Wako,
Tokyo, Japan) and the OD260 measurement. Standard curves
were constructed from serial 10-fold dilutions of linearised
plasmid DNA with 10ng/pl MS2 RNA (Basel, Roche,
Switzerland). The detection limit and standard range of the
TagMan real-time PCR were determined by using serial 10-fold
dilutions of linearised plasmid. The standard range of DNA was
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linearly quantified from one to nine log DNA copies, with
a detection limit of 10 copies. The negative control (nuclease-
free water) was not detected.

PCR FOR 16S rRNA GENE AND SEQUENCE ANALYSIS

PCR mix (60 ul volumes) was prepared from Low-DNA
AmpliTaq Gold DNA polymerase LD (Applied Biosystems). The
mix comprised dATT, dGTE, dCTP, dTTE 2 mM MgCl, and
1XGold buffer, along with each of the primers (500 nM)
(forward primer fD1-AGAGTTTGATCCTGGCTCAG,; reverse
primer rp2-ACGGCTACCTTGTTACGACTT).

Template DNA, 1.25U of AmpliTaq Gold DNA polymerase LD
(Applied Biosystems), and nuclease-free water were added to the
sample. The PCR assay was performed using the Takara Thermal
Cycler TP-400 (Takara Bio Inc., Shiga, Japan). The cycling
conditions used were: 95°C for 10 min, followed by 35 cycles at
95°C for 15's, 42°C for 30 s, and 72°C for 4 min. Gel electropho-
resis was performed using a 0.8% agarose gel (Takara Bio Inc.) in
40 mmol/l Txis, 1 mmol/l EDTA for 30 min at 100 V, followed by
ethidium bromide staining. Before cycle sequencing, amplicons
were purified using the Qiaquick PCR purification kit (Qiagen)
according to the manufacturer’s protocol. Cycle sequencing was
performed by forward and reverse priming using the Big Dye v3.1
Terminator Reaction kit (Applied Biosystems). The PCR assay
was performed using a Perkin Elmer 9700 with cycling conditions
set at: 95°C for 30 s, followed by 25 cycles at 96°C for 10 s, 50°C
for 5s and 60°C for 4 min. Electrophoresis was conducted in
a 3130xl genetic analyser (Applied Biosystems).

We used the DNA sequence analysis to examine patients
suspected of having bacterial endophthalmitis (patient samples
that only had high amounts of total DNA and detected high
copy numbers of bacterial 16S rDNA). Basic local alignment
search tool (BLAST) analysis was used to examine the DNA
sequences. The 16S rDNA sequences obtained were compared
with those available in the GenBank BLAST database (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). Using a previously published
method,'® positive identification of the species level was defined
as identification of a 165 rDNA sequence that had 99% simi-
larity or greater with that of the GenBank BLAST strain
sequence.

Prevention of bacterial contamination

To ensure that no contamination of the PCR preparation
occurred, the DNA amplification and the analysis of the
amplified products were done in separate laboratories. The
preparation was performed on a laminar flow workbench and
employed single-use aliquots of reagent and dedicated pipettes.
Microfuge tubes and mineral oil aliquots were carefully sterilised
prior to use.

RESULTS

Our initial PCR results indicated that bacterial 16S rDNA was
positive in 18 ocular fluids of the clinically suspected bacterial
endophthalmitis patients (18/19, 95%, table 1). These positive
patients had high copy numbers of 16S rDNA ranging from
1.7X10° to 1.7x 107 copies/ml, which indicated the presence of
bacterial infection. In the one PCR-negative case (case 16 in
table 1), PCR did not detect any bacterial genome in the vitreous
fluid (<100 copies), although Klebsiella pneumoniae was detected
in the biopsy sample of the liver abscess.

In the conventional bacterial cultures, 10 (53%) out of the 19
samples were positive (table 1). In addition, positive Gram
staining was found in nine (47%) out of these samples. There
were only two patients {cases 2 and 4 in table 1) that received
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Table 1 Detection of bacterial 16S rDNA in suspected bacterial endophthalmitis and uveitis

Case Diagnosis Sample Bacterial 16S rDNA Culture Smear BLAST analysis Treatment

1 Postoperative (acute) AH 2.8x10° copies/ml Staphylococcus spp. Negative nt PPV, 1Al, SA
2 Postoperative (acute) VF 1.5%10° copies/mi Negative Negative nt PPV, 1A}, SA
3 Postoperative (acute) AH 1.5%10° copies/ml Staphylococcus epidermidis G (+) Staphylococcus epidermidis PPV, IAL, SA
4 Postoperative (acute) VF 7.5x10° copies/ml Negative Negative nt PPV, IAI, SA
5 Postoperative (acute) VF 9.0x107 copies/ml Negative G(+) nt PPV, 1Al SA
6 Postoperative (acute) VF 1.9%107 copies/ml Streptococcus sanguinis G (+) Streptococcus sanguinis PPV, 1Al, SA
7 Postoperative (late) VF 8.1x107 copies/ml Negative Negative Bradyrhizobium elkanii PPV, 1Al, SA
8 Postoperative (late) AH 1.7x10° copies/ml Negative Negative nt SA

9 Postoperative (late) AH 3.9x10* copies/ml Negative Negative nt SA

10 Postoperative (late) AH 8.6x10* copies/ml Pseudomonas aeruginosa G (—) nt PPV, 1Al, SA
1" Post-traumatic VF 1.4X10° copies/ml Enterococcus faecalis G(+) Enterococcus faecalis PPV, SA

12 Endogenous VF 1.3x107 copies/ml Pseudomonas sp. G (-} Pseudomonas sp. PR PPV, IAl, SA
13 Endogenous VF 1.7x10° copies/ml a-Streptococcus G(+) Streptococcus mitis PPV, 1Al, SA
14 Endogenous AH 1.1x10% copies/ml Negative Negative nt 1Al, SA

15 Endogenous VF 5.5X10° copies/ml Staphylococcus aureus Negative Staphylococcus aureus PPV, 1Al, SA
16 Endogenous AH <100 copies/ml Negative Negative nt PPV, 1Al SA
17 Keratitis AH 3.1x 108 copies/ml Streptococcus pneumoniae G(+) Streptococcus pneumoniae 1Al, SA

18 Keratitis VF 6.8x10* copies/ml Negative Negative nt 1Al, SA

19 Intravitreal injection* VF 1.8X10° copies/ml Streptococcus oralis G (+) Streptococcus sp. PPV, 1Al, SA
20 Idiopathic uveitis AH 1.4X10° copies/ml Negative nt nt 1Al

21 Idiopathic uveitis VF 6.1x10* copies/ml Negative Negative nt SA

22 CMV retinitis AH 4.2x10° copies/ml Negative nt nt 1Al, SA

AH, aqueous humour; BLAST, basic local alignment search tool; CMV, cytomegalovirus; 1Al, intravitreal antibiotic injection; nt, not tested; PPV, pars plana vitrectomy; SA, systemic antibiotics;
VF, vitreous fluids.
Using broad-range quantitative PCR, bacterial 16S rDNA could be detected in the ocular samples of the suspected bacterial endophthalmitis cases {18/19, 95%). Broad-range quantitative PCR

was also used to measure the bacterial genome in the ocular samples collected from the uveitis patients (n=50) and from the three patients (6%) that were positive.

*Bacterial endophthalmitis after intravitreal injections of bevacizumab.

intravitreal injections of antibiotics prior to the PCR analysis. As
shown in table 1, after examinations that included PCR, all
patients received antibiotics (systemic and/or local medications).

With the exception of three out of the 50 uveitis patients, real-
time PCR indicated the patients were negative for the bacterial
16S rDNA. Details for the three exceptions are shown in table 1.

The 16S tDNA was detected in two patients with idiopathic
uveitis and one with cytomegalovirus (CMV) retinitis. Clini-
cally, all of these patients were diagnosed with unilateral uveitis.
Bacterial cultures were negative in all of the tested samples. In
addition, bacterial 16S rDNA was not detected in any of the 40
control samples collected from the patients without ocular
inflammation.

To identify the specific bacterial species, we used BLAST
analysis to examine some of the bacterial infectious endoph-
thalmitis patients. Analysis was only possible when the
patient’s samples had high amounts of total DNA and there was
a detected high copy number of the bacterial 16S rDNA. As
summarised in table 1, BLAST analysis identified Staphylococcus
epidermidis (case 3), Streptococcus sanguinis (case 6), Bradyrhi-
zobium elkanii (case 7), Enterococcus faecalis (case 11), Pseudomonas
sp. PR (case 12), Streprococcus mitis (case 13), Staphylococcus aureus
(case 15), Streprococcus pneumoniae (case 17) and Staphylococcus sp.
(case 19). The results of the BLAST analysis were identical to the
results of the bacterial culture with the exception of case 7, who
was found to have a negative culture. However, even though the
bacterial examinations such as bacterial cultures and smears
were negative in this patient with late postoperative endoph-
thalmitis, broad-range real-time PCR analysis of the vitreous
sample yielded positive results (8.1x107 copies/ml). In the
present study, once we were able to determine the bacterial
species via the BLAST analysis and conclusively diagnose
bacterial endophthalmitis, we were then able to begin treatment
with antibiotics.

Br J Ophthalmol 2011;95:345—349. doi:10.1136/bjo.2009.171504

Case report

As seen in table 1, case 7 was a 75-year-old man who was
referred to the uveitis clinic at our hospital during July 2007 due
to keratic precipitates, cells and fibrin in the anterior chamber
along with hypopyon and anterior vitreous opacity in his right
eye (figure 1). The patient had undergone cataract surgery in his
right eye 1 year prior to being seen in our clinic. Although visual
acuity of his right eye at the time of his initial presentation to
our clinic was 0.8, 2 months later, his visual acuity was less than
0.1. A vitreous sample was collected during the pars plana

Figure 1 Case 7 (late postoperative endophthaimitis). Slit-lamp
photograph in suspected bacterial endophthalmitis. In the right eye,
cyclitic membrane, height of the hypopion, and severity of vitritis were
seen. In this patient, broad-range quantitative PCR revealed a high copy
number of the bacterial genome (8.1 107 copies/m). Basic local
alignment search tool (BLAST) analysis detected Bradyrhizobium elkanii.
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vitrectomy. While bacterial culture and the Gram-staining of the
vitreous sample were negative, broad-range and real-time PCR
detected 8.1x10” copies/ml of bacterial 16S rDNA (table 1). In
addition, the BLAST analysis detected Bradyrhizobium elkanii.
After the patient was given an intravitreal antibjotic injection
(vancomycin and ceftazidime) and systemic antibiotics (levo-
floxacin), inflammation in his right eye completely disappeared.
After receiving treatment, visual acuity in his right eye recovered
to 0.9 and there was no severe intraocular tissue damage noted.

DISCUSSION

In the present study, with the exception of one patient, we
detected bacterial 165 rDNA in all of the cases that were clini-
cally suspected to have bacterial endophthalmitis. In these
patients, high copy numbers of the bacterial DNA were
detected, which indicated the presence of a bacterial infection. In
the single patient who was suspected of having infectious
endophthalmitis but had no bacteria in the ocular sample, K.
preumoniae was detected by biopsy culture for liver infection.
Thus, we were ultimately able to diagnose the patient as having
endogenous endophthalmitis.

On the other hand, conventional microbiological investiga-
tions of the ocular fluid samples, such as bacterial cultures and
smears, were negative in about one-half of these patients. Only
three of the 50 samples collected from the patients with other
clinical entities of uveitis were positive for the broad-range real-
time PCR analyses of the bacterial 165 rDNA. In addition, no
bacterial 165 rDNA was detected in any of the samples from the
control patients without ocular inflammation.

The potential advantage of using PCR is that minute numbers
of bacteria can be detected from the very small specimens that
are required for the analysis. Chen er a/*® developed this PCR
detection method for the eubacterial genome based on the
conserved regions of the 16S rRNA sequence (165 rDNA) of
Escherichia coli. As the universal primers chosen from 16S rDNA
have a large amount of sequence information and highly
conserved regions of the gene, primers can be synthesised for
a wide variety of bacteria. In addition, the eubacterial primers
used had both a high specificity and sensitivity, which was
comparable to previous studies.' ® Hykin er al' examined 29
control vitreous samples and found four that were positive for
the eubacterial genome using PCR. In a further study by Therese
et al,? only a single control sample (5%) was found using the
eubacterial-based PCR. In the present study, we did not detect
any bacterial 16S tDNA (<100 copies/ml) in any of the samples
from the control non-infectious patients when using our broad-
range real-time PCR. Thus, another potential advantage of our
PCR system is that it provides quantitative information for the
bacterial infection. In the present study, we found false positive
results (1—100 copies/ml) in only two control samples that we
tested, a result that could be due to contamination caused by the
conjunctival ocular flora present during the collection of the
samples. Other possible causes of the contamination might be
related to technical errors that occurred during the PCR prepa-
ration or perhaps due to bacterial exposure when collecting the
ocular sample.

In cases of bacterial infectious endophthalmitis, it is often
difficult to differentiate between inflammation caused by non-
infectious and infectious agents. For example, to determine the
cause of postoperative inflammation in the eye, we must
consider many different possibilities, such as surgical manipu-
lation, toxic lens syndrome, recurrent uveitis (especially if the
patient has a previous history) or bacterial endophthalmitis. In
the past, microbiological investigations of the ocular fluids have
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often failed to detect the infectious agent in bacterial
endophthalmitis, resulting in a clinical dilemma regarding
therapy. Deciding to use antibiotics and steroids necessitates
determining whether an inflammation is infectious or sterile.
Therefore, an aetiological diagnosis is essential in such cases. The
use of PCR with universal eubacterial primers, which possesses
broad specificities for all Gram-positive and -negative bacteria,
has been recently found to be much more useful for detecting
the eubacterial genome in ocular samples of postoperative
endophthalmitis cases compared to the routine microbiological
investigations.? 3 ° 6 810 I the present study, our broad-range
real-time PCR for the eubacterial genome showed high correla-
tion with the bacteriologically positive samples. This suggests
that bacteriologically negative samples may include the bacterial
genome. In a recent report by the French Institutional
Endophthalmitis Study Groups, eubacterial PCR was found to
be much more effective than bacterial cultures in detecting
bacteria in vitreous samples from patients with previous intra-
vitreal administration of antibiotics."® Although the previous
administration of antibiotics in the PPV vitreous fluids may
inhibit bacterial growth, it is assumed that PCR may still be able
to detect bacterial DNA of either living or killed bacteria.

As revealed in this study, real-time PCR found only three (6%)
of the 50 ocular samples from patients with unilateral uveitis to
be positive. However, high copy numbers of bacterial DNA were
detected in these uveitis patients, which included idiopathic
uveitis (n=2) and cytomegalovirus retinitis (n=1). Endoph-
thalmitis and uveitis positive cases with low quantification of
DNA (eg, 1x10°~1x10" copies/ml) cannot be differentiated
according to the number of copies. Although topical or systemic
steroids were administered for long periods in the idiopathic
uveitis patients, the inflammation remained uncontrolled. It has
also been reported that viral PCR has found cytomegalovirus
DNA in the eyes of cytomegalovirus retinitis cases."® When
these patients were given intravitreal administration of an anti-
viral injection (Ganciclovir), an anterior vitreous opacity was
subsequently observed. There were three cases that received
antibiotics (intravitreal injection and/or systemic) in our study
and the intraocular inflammation, such as vitreous opacity, was
well controlled by this antibiotic therapy. Although bacterial
DNA amplification in such cases usually suggests contamina-
tion, antibiotic administration proved to be effective in our
study. Thus, the bacterial PCR-based evidence suggests bacterial
involvement in eyes that have a suspected intraocular infection.
While PCR for eubacterial detection is necessary for rapid and
accurate diagnosis in patients suffering from an unknown
intraocular inflammatory disorder, it can also be used to accu-
rately determine samples that are not infected. In our study we
found 47 samples (94%) that had negative PCR results. Overall,
our results suggest that a sensitive and rapid diagnostic test not
only allows for confident verification of the diagnosis (non-
infectious inflammation vs infection), but also allows for early
commencement of specific and appropriate treatment. In addi-
tion, PCR analysis is able to exclude bacterial infections as the
potential cause of an ocular disorder.

In conclusion, this new PCR system is an excellent diagnostic
system for intraocular specimens and can be used as an alter-
native to further examine specimens determined to be bacterio-
logically negative by conventional methods. Our study also
clearly demonstrated that a new diagnostic PCR system using
eubacterial detection with broad-range PCR along with quanti-
tative evaluation with real-time PCR could be extremely useful
for detecting bacterial DNA within ocular samples. Recently,
Goldschmidt er al reported that a new diagnostic test for
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Propionibacteriaceae was designed using TagMan real-time PCR.?°
Therefore, the ability to be able to collect quantitative informa-
tion on bacterial infections in the eye should be useful in helping
to determine clinical diagnoses and therapeutic follow-ups.
Moreover, using a combination of the quantitative PCR method
and the BLASTanalysis to detect bacterial species is a very valuable
tool for diagnosing suspected bacterial endophthalmitis.
However, the DNA in 10 of 19 samples could not be sequenced
using this technique and thus could not identified, which could
potentially limit the clinical usefulness of this technique at the
present time. In order for clinicians to be able to obtain bacterial
identifications, we may need to consider additional options for the
sequence analysis. In addition, in the future we will need to
further verify whether this broad-range PCR can detect candidate
bacterial DNA including K. pneumoniae in bacterial endoph-
thalmitis.

Acknowledgements Dr Masaru Miyanaga of Miyata Haspital, and Drs Kazuichi
Maruyama and Kenji Nagata of the Department of Ophthalmology, Kyoto Prefectural
University of Medicine, kindly collected and sent the samples used in this study. We
are very grateful for the expert technical assistance of Ms Shizu Inoue. This work
was supported by Grants-in-Aid for Scientific Research (C) 20592073 and (B)
19390440 of the Ministry of Education, Culture, Sports, Science and Technology,
Japan.

Competing interests None.
Patient consent Obtained.

Ethics approval This study was conducted with the approval of the Institutional
Ethics Committee of Takyo Medical and Dental University. The research followed the
tenets of the Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Hykin PG, Tobal K, Mcintyre G, et al. The diagnosis of delayed post-operative
endophthalmitis by polymerase chain reaction of bacterial DNA in vitreous samples.
J Med Microbiol 1994;40:408—15.
2. Lohmann CP, Heeb M, Linde HJ, et al. Diagnosis of infectious endophthalmitis after
cataract surgery by polymerase chain reaction. J Cataract Refract Surg
1998;24:821—6.

Br J Ophthalmol 2011;95:345—349. doi:10.1136/bj0.2009.171504

Therese KL, Anand AR, Madhavan HN. Polymerase chain reaction in the diagnosis
of bacterial endophthalmitis. Br J Ophthalmol 1998;82:1078—82. ‘
Knox CM, Cevallos V, Margolis TP, et al. |dentification of bacterial pathogens in
patients with endophthalmitis by 16S ribosomal DNA typing. Am J Ophthalmol
1999;128:511—12.

Lohmann CP, Linde HJ, Reischl U. Improved detection of microorganisms by
polymerase chain reaction in delayed endophthaimitis after cataract surgery.
Ophthalmology 2000;107:1047—51.

Anand AR, Madhavan HN, Therese KL. Use of polymerase chain reaction (PCR) and
DNA probe hybridization to determine the Gram reaction of the infecting bacterium in
the intraocular fluids of patients with endophthalmitis. J /nfect 2000;41:221—6.
Okhravi N, Adamson P, Lightman S. Use of PCR in endophthalmitis. Ocu/ Immunol
Inflamm 2000;8:189—200.

Okhravi N, Adamson P, Carroll N, et al. PCR-based evidence of bacterial
involvement in eyes with suspected intraocular infection. /nvest Ophthalmol Vis Sci
2000;41:3474—8.

Chiquet C, Lina G, Benito Y, et a/. Polymerase chain reaction identification in
aqueous humour of patients with postoperative endophthalmitis. J Cataract Refract
Surg 2007;33:635—41.

Chiquet C, Cornut PL, Benito Y, et al. Eubacterial PCR for bacterial detection and
identification in 100 acute postcataract surgery endophthalmitis. lnvest Ophthalmol
Vis Sci 2008;49:1971—8.

Sugita S, Shimizu N, Kawaguchi T, et a/. Identification of human herpes virus 6 in
a patient with severe unilateral panuveitis. Arch Ophthalmo/ 2007;125:1426—71.
Kido S, Sugita S, Horie S, et a/. Association of varicella zoster virus load in the
aqueous humor with clinical manifestations of anterior uveitis in herpes zoster
ophthalmicus and zoster sine herpete. Br J Ophthalmol 2008;92:505—8.

Sugita S, Shimizu N, Watanabe K, et al. Use of multiplex PCR and real-time PCR to
detect human herpes virus genome in ocular fluids of patients with uveitis.

Br J Ophthalmal 2008;92:928—32.

Allen SD. Anaerobic bacteria. In: Lennete Edwin H, ed. Manual of clinical
microbiology. 4th edn. Washington DC: American Society for Microbiology,
1985:413—72.

Baron EJ, Peterson LR, Finegold SM. Bailey and Scott's diagnastic microbiology. 9th
edn. St Louis: Mosby, 1994:79—136.

Takai K, Horikoshi K. Rapid detection and quantification of members of the archaeal
community by quantitative PCR using fluorogenic probes. App/ Environ Microbiol
2000;66:5066—72.

Weishurg WG, Barns SM, Pelletier DA, et al. 16S ribosomal DNA amplification for
phylogenetic study. J Bacterio/ 1991;173:697—703.

Goldenberger D, Kunzle A. Molecular diagnosis of bacterial endocarditis by
broad-range PCR amplification and direct sequencing. J Clin Microbiol
1997;35:2733—9.

Chen K, Neimark H, Rumore P, et al. Broad range DNA probes for detecting and
amplifying eubacterial nucleic acids. FEMS Microbiol Lett 1989;48:19—24.
Goldschmidt P, Ferreira CC, Degorge S, et al. Rapid detection and quantification of
Propionibacteriaceae. Br J Ophthalmol 2009;93:258—62.

349



Downloaded from bjo.bmj.com on April 11, 2012 - Published by group.bmj.com

Diagnosis of bacterial endophthalmitis by
broad-range quantitative PCR

Sunao Sugita, Norio Shimizu, Ken Watanabe, et al.

56 1JOOphz‘halmol 2011 95: 345-349 originally published online July 31,
doi: 10.1136/bj0.2009.171504

Updated information and services can be found at:
http://bjo.bmj.com/content/95/3/345. full.htmi

References

Email alerting

These include:

This article cites 18 articles, 11 of which can be accessed free at:
http://bjo.bmj.com/content/95/3/345.full.htmi#ref-list-1

Receive free email alerts when new articles cite this article. Sign up in

service the box at the top right corner of the online article.
Topic  Articles on similar topics can be found in the following collections
Collections , )
Choroid (440 articles)
Eye (globe) (551 articles)
Notes

To request permissions go to:
http:/igroup.bmj.com/group/rights-licensing/permissions

To order reprints go to:

http:/ljournals.bmj.com/cgilreprintform

To subscribe to BMJ go to:
http:/igroup.bmj.com/subscribe/



Journal of Pathology

J Pathol 2011; 223: 496510

Published online 5 January 2011 in Wiley Online Library
(wileyonlinelibrary.com) DoL: 10.1002/path.2823

Activated oncogenic pathways and therapeutic targets
in extranodal nasal-type NK/T cell lymphoma revealed
by gene expression profiling

Siok-Bian Ng,'* Viknesvaran Selvarajan,’ Gaofeng Huang? Jianbiao Zhou,* Andrew L Feldman,* Mark Law,*
Yok-Lam Kwong,®> Norio Shimizu,é Yoshitoyo Kagami’ Katsuyuki Aozasa,® Manuel Salto-Tellez'?
and Wee-Joo Chng?3*

' Department of Pathology, National University Health System, Singapore

2 Department of Haematology-Oncology, National University Cancer Institute of Singapore, National University Health System, Singapore
3 Cancer Science Institute Singapore, National University of Singapore, Singapore

* Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, USA

> Division of Haematology/Oncology and Bone Marrow Transplantation, Queen Mary Hospital, Hong Kong

6 Department of Virology, Tokyo Medical and Dental University, Japan

7 Department of Hematology, Toyota Kosei Hospital, Japan

8 Department of Pathology, Osaka University Graduate School of Medicine, japan

*Correspondence to: Dr Siok-Bian Ng, MBBS, FRCPA, Department of Pathology, National University Hospital, 5 Lower Kent Ridge Road, Main

Building, Level 3, Singapore |19074. e-mail: patnsb@nus.edu.sg
*Correspondence to: Dr Wee-Joo Chng, MB ChB, MRCP, FRCPath, Department of Haematology—Oncology, National University Hospital, 5 Lower

Kent Ridge Road, Main Building, Level 3, Singapore | 19074. e-mail: mdccwj@nus.edu.sg

Abstract

We performed comprehensive genome-wide gene expression profiling (GEP) of extranodal nasal-type natural
killer/T-cell lymphoma (NKTL) using formalin-fixed, paraffin-embedded tissue (n = 9) and NK cell lines (n = 5)
in comparison with normal NK cells, with the objective of understanding the oncogenic pathways involved in
the pathogenesis of NKTL and to identify potential therapeutic targets. Pathway and network analysis of genes
differentially expressed between NKTL and normal NK cells revealed significant enrichment for cell cycle-related
genes and pathways, such as PLK1, CDK1, and Aurora-A. Furthermore, our results demonstrated a pro-proliferative
and anti-apoptotic phenotype in NKTL characterized by activation of Myc and nuclear factor kappa B (NF-«B),
and deregulation of p53. In corroboration with GEP findings, a significant percentage of NKTLs (n = 33)
overexpressed c-Myc (45.4%), p53 (87.9%), and NF-kB p50 (67.7%) on immunohistochemistry using a tissue
microarray containing 33 NKTL samples. Notably, overexpression of survivin was observed in 97% of cases.
Based on our findings, we propose a model of NKTL pathogenesis where deregulation of p53 together with
activation of Myc and NF-«kB, possibly driven by EBV LMP-1, results in the cumulative up-regulation of survivin.
Down-regulation of survivin with Terameprocol (EM-1421, a survivin inhibitor) results in reduced cell viability
and increased apoptosis in tumour cells, suggesting that targeting survivin may be a potential novel therapeutic
strategy in NKTL.
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the virus in tumour pathogenesis. There have been
few studies investigating the oncogenic mechanisms
of NKTL. These reports have identified mutations
of genes regulating apoptosis, such as FAS and
p53, which may contribute to the development of
this tumour [4-—6]. In addition, the expression of
P-glycoproteins [7] and absence of granzyme B
inhibitor PI9 [8] may account for the poor progno-

Introduction

Extranodal nasal-type natural killer/T-cell lymphoma
(NKTL) is a distinct clinicopathological entity most
commonly affecting Asians and Central and South
Americans, and characterized by a clonal prolifera-
tion of NK or T cells with a cytotoxic phenotype

[1]. There is a strong association with Epstein—Barr
virus (EBV), which manifests a type II latency pat-
tern [2,3]. EBV is detected in the neoplastic cells
in a clonal episomal form, supporting the role of
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sis of patients with NKTL who were treated with
chemotherapy. Like many haematolymphoid malignan-
cies, NKTL is frequently associated with genetic alter-
ations involving loss or gain of genetic material, the
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commonest being del(6)(q21-q25) [9]. However, no
specific chromosomal translocation has been identified.
Igbal et al [10] performed array comparative genomic
hybridization on NK-cell malignancies and identified
PRDM]1 as the likely target gene in del6g21. Recently,
Hwang er al [11] performed genome-wide GEP on
NKTL and identified overexpression of several genes
related to vascular biology, EBV-induced genes, and
platelet-derived growth factor receptor o. Deregulation
of several oncogenic pathways, such as AKT, STAT3,
and nuclear factor-kB pathways, was also detected.
Nevertheless, comprehensive genome-wide profiling of
NKTL is scarce as extensive research has been limited
by the rarity of this entity, the difficulty in obtaining
adequate biopsy specimens, extensive tumour necrosis,
and the lack of availability of frozen tumour tissue.

Gene expression profiling (GEP) has been exten-
sively used in cancer research in recent years. One
major drawback is the requirement for frozen tissue
for current methods of genome-wide expression profil-
ing. Recently, Hoshida et al demonstrated the feasibil-
ity of genome-wide expression profiling of formalin-
fixed, paraffin-embedded (FFPE) tissues of hepatocel-
lular carcinoma and identified a molecular signature
that correlated with survival [12]. In this study, we per-
formed genome-wide expression profiling on a series
of NKTLs using FFPE tissues in relation to normal NK
cells and NK tumour cell lines, with the main objec-
tive of understanding molecular pathways deregulated
in NKTL. In the process, we hope to identify potential
new therapeutic targets in a disease where the outcome
is poor with current treatment modalities.

Material and methods

Case selection and construction of tissue microarray

Patients with a diagnosis of NKTL were identified from
the archives of the Department of Pathology, National
University Hospital (NUH), from 1990 to 2009. Addi-
tional immunohistochemistry and in situ hybridization
for EBV-encoded small RNA (EBER) were performed
and the cases were classified according to the 2008
WHO lymphoma classification. Cases with no addi-
tional tissue available for immunohistochemical or
genetic analysis were excluded. A total of 33 cases
of NKTL were selected. According to the WHO cri-
teria, all 33 cases expressed CD3, cytotoxic markers
(granzyme B and/or TIA-1), and EBER. Immunore-
activity for CD56, CD8, and CD4 was present in 64%
(21 cases), 16% (five cases), and 3% (one case), respec-
tively. The clinical and immunophenotypic data of the
cases are summarized in the Supporting information,
Supplementary Table 1. Tissue microarrays (TMAs) of
the 33 cases of NKTL were also constructed (see Sup-
porting information, Supplementary methods).

Nine cases of NKTL with adequate FFPE tissue
remaining and good-quality RNA were selected for
GEP. In addition, two cases each of normal skin and
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soft tissue, intestinal, nasal, and lymph node FFPE
tissue were also included for GEP analysis as control
tissue. The study was approved by the Domain Specific
Review Board of the National Healthcare Group,
Singapore.

Immunohistochemistry (IHC)

Four-micrometre sections from the TMA blocks were
cut for IHC. IHC was performed for c-Myc, p53, sur-
vivin, and five NF-kB transcription factors including
p50, p52, p65, RelB, and C-Rel (see the Supporting
information, Supplementary methods and Supplemen-
tary Table 2 for more details). Appropriate positive
tissue controls were used.

The immunohistochemical expression for all the
antibodies was scored as a percentage of the total
tumour cell population per 1 mm core diameter (x400)
by one of the authors (NSB). The majority of the
cases (97%) had two to four cores represented on the
TMA and the final score was obtained as an average of
all the individual cores. For c-Myc, p53, and survivin
antibodies, positive expression was defined as nuclear
staining in 10% or more of the tumour population. For
the five NF-kB antibodies (p50, p52, p65, RelB, and
C-Rel), only nuclear immunoreactivity was regarded as
constitutive NF-kB activation and positive expression
was defined as nuclear staining in 10% or more of
tumour cells, similar to previous published reports [13].

NK cell lines and cultures

The NK-tumour cell lines used in this study included
NK-92 (American Type Culture Collection), KHYG-
1 (Japanese Collection of Research Bioresources),
HANK-1 (a gift from Dr Y Kagami), SNK-6, SNT-
8 (a gift from Dr N Shimizu), and NK-YS (a gift
from Dr YL Kwong). Culture conditions are given in
the Supporting information, Supplementary methods.
The phenotypic and genotypic characteristics of the
NK cell lines have been well characterized in previous
studies [14,15] and are summarized in the Supporting
information, Supplementary Table 3.

Isolation of normal NK cells from peripheral blood

Peripheral blood mononuclear cells (PBMCs) were
separated by Ficoll Paque Plus density gradient cen-
trifugation (Amersham Biosciences, Piscataway, NI,
USA) from whole blood samples obtained from healthy
donors and buffy coat packs of whole blood sam-
ples from the Blood Donation Centre, NUH. Highly
pure untouched normal human NK cells were iso-
lated using the NK cell isolation kit (Miltenyi Biotec,
Bergisch Gladbach, Germany). The purity of the iso-
lated NK cells as determined by flow cytometry was
between 90% and 99%. The isolated NK cells were
subsequently stimulated by culturing in the presence
of human recombinant IL-2 (Miltenyi Biotec). For cell
block preparation, Bouin’s solution was added to the
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isolated normal NK cell samples, followed by cen-
trifugation. The packed cell sediments were fixed in
formalin for tissue processing.

RNA extraction from FFPE, NK cell lines, and normal
NK cells

Total RNA from NKTL FFPE tissues and FFPE
normal tissue controls was isolated using a High Pure
RNA Paraffin Kit (Roche Applied Science, Mannheim,
Germany) according to the manufacturer’s instructions.
All the sections were deparaffinized with xylene,
subjected to proteinase K digestion, and RNA was
extracted according to the manufacturer’s protocol.

Total RNA was extracted from freshly isolated cells
from NK cell lines and normal NK cell samples
obtained from healthy donors using the miRNeasy
Mini Kit (Qiagen GmbH, Hilden, Germany) proto-
col with DNasel treatment included. The concentration
and purity of the total RNA extracted were measured
using a NanoDrop ND 3.0 spectrophotometer (Nan-
oDrop Technologies Inc, Wilmington, DE, USA). RNA
quality was assessed with an Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA, USA) and an
RNA 6000 LabChip Kit (Agilent Technologies). Of
the samples with RNA extracted, nine met the quality
requirements and were used for GEP and subsequent
analysis.

Gene expression profiling and analysis

GEP was performed according to the complementary
DNA-mediated annealing, selection, extension, and lig-
ation (DASL) assay (Illumina, Inc, San Diego, CA,
USA) [16,17]. Raw signal intensities of each probe
were obtained from data analysis software (Beadstudio;
Illumina, San Diego, CA, USA). The data were nor-
malized using a linear calibration method. Hierarchical
clustering of samples was performed using the Pearson
coefficient and the Ward method as the similarity and
linkage methods, respectively, using the Bioconduc-
tor packages of R. To derive the NKTL-specific gene
expression profiles, we extracted genes differentially
expressed between NK cell lines and NKTL FFPE sam-
ples, and normal NK cells and normal FFPE controls
using significance analysis of microarray (SAM) [18]
(see Supporting information, Supplementary methods).

To further understand the functional and biologi-
cal relevance of differentially expressed genes, gene
ontology and pathway/network analysis was performed
using the web-based software MetaCore (GeneGo, St
Joseph, MI, USA). The software contains an inter-
active, manually annotated database derived from lit-
erature publications on proteins and small molecules
that allows for representation of biological functional-
ity and integration of functional, molecular, and clini-
cal information. Several algorithms to enable both the
construction and the analysis of gene networks were
integrated as previously described [19]. The output p
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values reflect scoring, prioritization, and statistical sig-
nificance of networks according to the relevance of
input data.

Quantitative PCR for validation of selected genes

A reverse transcription reaction was carried out using
the High Capacity cDNA Reverse Transcription Kit
system (ABI, Foster City, CA, USA). Real-time flu-
orescent monitoring of the PCR products was per-
formed using the Power SYBR Green PCR Master Mix
(ABI) and gene-specific primers (Supporting informa-
tion, Supplementary Table 4). Real-time PCR was per-
formed in the ABI PRISM 7300 Sequence Detection
system (Applied Biosystems, foster city, CA, USA)
and analysed utilizing Sequence Detection Software
vl.4 (ABI). Using endogenous GAPDH as an inter-
nal control for comparison, relative quantification of
gene expression levels was performed and calculated
using 2(—AACT).

FISH for c-Myc translocation

MYC breakapart (BAP) probes were designed using the
University of California Santa Cruz Genome Browser
(http://www.genome.UCSC.edu) to identify bacterial
artificial chromosomes (BACs) flanking the genes
of interest (Supporting information, Supplementary
Table 5). DNA was isolated (Plasmid Maxi Kit; Qia-
gen, Valencia, CA, USA) from BAC clones (ResGen' ;
Invitrogen, Carlsbad, CA, USA) and labelled with
Texas Red-dUTP (Molecular Probes, Invitrogen, Carls-
bad, CA, USA) or SpectrumGreen-dUTP (Abbott
Molecular, Des Plaines, IL, USA). FISH was per-
formed on TMA sections and scored as previously
described [20]. Sections were analysed qualitatively by
a microscopist (ML) and a minimum of 50 cells with
strong FISH signals was required for a sample to be
considered informative.

Terameprocol (EM-1421) treatment of NK cell lines

NK cell lines were treated with varying concentrations
of the BIRCS inhibitor Terameprocol (EM-1421; Eri-
mos Pharmaceuticals, Houston, TX, USA) [21, 22] and
control. Following incubation for 48 h, the cells were
harvested, washed in PBS, and subjected to (i) MTS
assay to evaluate the degree of cell viability (see
Supporting information, Supplementary methods); (ii)
flow cytometric analysis to assess the degree of apop-
totic cell death using Annexin-V-APC and propidium
iodide (PI) staining (BD Pharmigen, CA, USA); and
(iii) western blot analysis to confirm successful inhibi-
tion of BIRCS (Supporting information, Supplementary
methods). The flow cytometry analysis was performed
on a BD LSR 1II flow cytometer (Becton Dickinson,
CA, USA) using BD FACSDiva™ software.
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Results

Analysis of GEP of NKTL

We compared the gene expression of NKTL FFPE
samples (n = 9) with that of normal NK cells, as
well as the respective normal FFPE tissue controls
from nasal, skin and soft tissue, intestinal tract, and
lymph node (see Supporting information, Supplemen-
tary methods). Among the genes showing at least a
two-fold and statistically significant difference (p <
0.05), 339 were found to be up-regulated and 737 were
down-regulated in NKTL compared with normal NK
cells (Supporting information, Supplementary Table 6).
We performed quantitative PCR validation on a few
interesting genes frequently involved in tumour onco-
genesis, including BIRCS (survivin), EZH2, STMNI ,
and WHSCI. On the whole, the quantitative PCR
results were consistent with GEP data showing over-
expression of BIRCS, EZH2, and STMN! in NK cell
lines compared with normal NK cells (see the Support-
ing information, Supplementary Figure 1).

These differentially expressed genes were signifi-
cantly enriched for cell cycle-related pathways and
processes (Table 1), suggesting that NKTLs are sig-
nificantly more proliferative than normal NK cells.
Amongst the key proteins involved in cell cycle and
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Pathways and cellular processes enriched in genes differentially expressed between NKTL and normal NK cells
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mitosis are PLK1, CDK1, and Aurora-A. These pro-
teins may also be potential therapeutic targets because
of their involvement in carcinogenesis [23—25].

Using MetaCore, we found that the differentially
expressed genes between NKTL and normal NK cells
were enriched for targets of a number of transcrip-
tion factors including Myc, p53, and NF-kB subunits
(Table 2). When we further examined the expression
of the Myc transcription targets and their relation-
ship with Myec, it was striking that most of the genes
up-regulated and down-regulated in our list of dif-
ferentially expressed genes have been shown by pre-
vious experiments to be concordantly expressed and
repressed by Myc (Figure 1A). This result suggests that
Myc is activated in NKTL compared with normal NK
cells. In contrast, the transcription targets of p53 in our
list of differentially expressed genes showed a predomi-
nantly opposite effect to what is expected under normal
p53 control, ie genes that are normally repressed by
p53 were up-regulated in NKTL compared with nor-
mal NK cells, and vice versa (Figure 1B), indicating
deregulation of the p53 transcription factor in NKTL
compared with normal NK cells.

We further assessed the expression of a previously
published NF-kB signature [26] and a validated MYC
signature (unpublished) in the gene expression dataset.
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Table 2. Targets of transcription targets enriched amongst genes differentially expressed between NKTL and normal NK cells
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Table 2. (Continued)
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signatures, both the NF-kB index and the MYC index

Consistent with the MetaCore analysis, we observed

that the MYC and NF-xB signatures were highly
expressed in the NK cell lines and tumour samples
compared with normal NK cells. When these two
signatures were summarized into indices using the
median expression of genes constituting the respective
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were significantly higher in NK cell lines and NKTL
than in normal NK cells (Figure 1C).

As NKTL is an aggressive lymphoma often with
extranodal involvement, we wanted to see if there
was any enrichment among dysregulated genes for cell
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