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Polymerase Chain Reaction in the Diagnosis of Uveitis
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Introduction

Polymerase chain reaction (PCR) is a technique involving enzymatic amplification of nucleic
acid sequences in repeated cycles of denaturation, oligonucleotide annealing, and DNA
polymerase extension. 1.2 The PCR uses in vitro enzymatic synthesis to amplify specific DNA
sequences within a few hours. Since its inception in 1985, PCR has revolutionized research in
the biologic sciences and medicine and has influenced criminology and law.3 The inventor of
PCR, Kary Mullis, was awarded the Nobel Prize in Chemistry in 1993 in recognition of the
extraordinary impact of PCR technology on scientific research.

Polymerase chain reaction consists of repetitive cycles of specific DNA synthesis, defined by
short stretches of preselected DNA. With each cycle, there is a doubllng of the final, desired
DNA product such that a million-fold amplification is possmle This powerful technique has
numerous applications in diagnostic pathology, especially in the fields of microbiology,
genetics, and oncology. Polymerase chain reaction has been used to diagnose uveitis, including
viral uveitis, mycobacterial intraocular infections, infectious endophthalmitis, and protozoa
eye diseases.” However, the extremely high sensitivity of PCR can produce false-positive
results, whereas its high specificity may produce false-negative results. These pitfalls can be
minimized by techniques such as the use of both positive and negative controls, real-time PCR,
and the performance of tests in an experienced laboratory. In any case, to ensure an accurate
diagnosis, one must consider clinical data in the interpretation of a PCR result. We present
diagnostic applications and examples of utilization of PCR in infectious and noninfectious
uveitis, as well as in masquerade syndromes and other common ocular diseases with
inflammatory components.

Infectious Uveitis

Polymerase chain reaction has had a major impact on our ability to detect infectious agents.
Since the first identification of Toxoplasma gondii DNA in ocular tissue with the use of PCR
in 1990, 8 PCR has been applied to the detection and diagnosis of mfectlous uveitis caused by
various viruses, bacteria, and fungi in ocular tissues and/or fluids.® Polymerase chain
reaction has frequently become a useful diagnostic aid.! Although PCR detects the DNA of
a pathogen, it does not confirm an active infection. Thus, positive culture from the tested ocular
sample provides extremely useful complementary data to a positive PCR result. Elevated
antibody against the specific pathogen is also helpful

In 1993, Aouizerate et al performed PCR on the aqueous of 59 eyes with suspected or conflrmed
infection with Toxoplasma gondii; the parasite was demonstrated in 20 cases (33. 8%) 8 The
combination of PCR with serologic analysis of Witmer-Desmonts coefficient (the ratio of
aqueous and serum antibodies) increased the probability to 60% to 72.7% of making a biologic
diagnosis for ocular toxoplasmosis. Ten years later, Villard et al also reported the high yield
of a combination of serologic analysis (enzyme-linked immunosorbent assay [ELISA] and
immunoblotting) and PCR for ocular toxoplasmaosis in 83% (15 of 18) patlents 9 The relative
specificities of the 3 techniques were 89% for ELISA and immuno-blotting and 100% for PCR.
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Knox et al reviewed their experience using PCR to examine vitreous biopsies in the diagnosis
of viral retinitis in 37 patients (39 eye's).2 Ten patients (11 eyes) were positive for
cytomegalovirus (CMV), 8 for varicella zoster (VZV), and 6 for herpes simplex (HSV). The
data closely correlated with clinical outcome of these patients, thus supporting the use of PCR
in the diagnostic evaluation of infectious retinitis. Human T-cell lymphotro-pic virus type-1
was detected in uveitic eyes only by PCR.21,22 Multiple viral infections can be identified in
immunocompromised patients with acquired immune deficiency syndrome (AIDS) or
malignancies.23_25 Newer PCR techniques have further improved the ability to diagnose viral
retinitis. Multiplex PCR shows adequate sensitivity to simultaneously screen for a substantial
number of different diagnoses for posterior uveitis in a single reaction, without loss of
specificity.26 A combination of micro-dissection and PCR offers the advantages of better
handling of small quantities of ocular specimens and identification of potentiating viral
coinfections.23:27

Although direct microscopy is the easiest and most rapid method to detect bacterial etiologies
of endophthalmitis, its sensitivity is very low, with positive results varying from 4.2% to 46.5%
for vitreous samples, which decreases further in aqueous fluid.28:29 More sensitive than
microscopy, culture is considered “the gold standard.” However, there have been no significant
improvements in the yield of culture methods.30 Reasons attributed to the lack of sensitivity
include prior antibiotic therapy, small numbers of micro-organisms in small volumes of the
ocular samples, and the fastidious growth requirements of some pathogens, that is,
Propionibacterium acnes, Staé)hylococcus epidermidis, Tropheryma whippellii, and
Mycobacterium tuberculosis. 1-34 |y cases where conventional techniques have low
sensitivity, PCR, characterized by its high sensitivity and specificity, would be an ideal
technique to detect bacterial pathogens in the eye. However, PCR can be laborious and
challenging. Itgenerally involves determining the bacterium responsible for the positive 16S
PCR product.3 36 Thus, we recommend applying PCR only to cases of suspected clinical
bacterial endophthalmitis but negative or no bacteriologic studies.37 Sometimes nested PCR
or PCR-restriction fragment length polymorphism (RFLP) is required to improve the
sensitivity and specificity for identification of bacteria.

Fungi inthe eye can be difficult to isolate and detect. Molecular methods will become important
diagnostic tools in this clinical scenario.39 Polymerase chain reaction has successfully
identified several fungal endo-phthalmitides, such as Fusarium'1® Candida:40 and
Aspergillus.41 In a prospective case-control study in India, Anand et al reported that among
43 intraocular specimens from 30 patients with fungal endophthalmitis, 24 were positive by
conventional mycologic methods and 32 were positive by PCR.42 Polymerase chain reaction
increased the sensitivity of detection by 18.6%, which was statistically significant (P = 0.039).
Using microdissection and nested PCR, we were able to detect Histoplasma capsulatum DNA
in chronic choroidal lesions of an eye with earlier infection by this fungus and provide
4m?,olecular biologic evidence linking the etiology of chronic ocular histoplasmosis syndrome.

Case Example

A 37-year-old male with a history of toxoplasmaosis as a child was diagnosed with acute retinal
necrosis in his right eye. The patient was treated with acyclovir without improvement for 3
months. He was then referred to the National Eye Institute. A diagnosis of panuveitis in the
right eye was made. The patient was treated prophylactically with antitoxoplasma medication
but achieved no response. A year later, his right eye became phthisical and had no light
perception; his left eye also developed uveitis with features of acute retinal necrosis. A
diagnostic enucleation of the right eye was performed.

Int Ophthalmol Clin. Author manuscript; available in PMC 2009 March 12.
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Microscopic examination disclosed a phthisis bulbi with focal retinal necrosis, retinal
detachment, chorioretinal scars, chronic inflammation (T- > B-lymphocytes, CD8 > CD4
cells), cyclitic membrane, and vitreous neovascularization (Fig. 1, right). Polymerase chain
reaction was conducted using primers HSV-P1 (5'-GTG GTG GAC TTT GCC AGC CTG
TAC CC-3") and HSV-P2 (5'-TAA ACATGG AGT CCG TGT CGC CGTAGA TGA-3') for
HSV, primers VZV-P1 (5-GTCGTG TTT GAT TTT CAAAGT TTATAT CC-3') and VZV-
P2 (5'-ATA AAC ACACAATCC GTATCA CCATAA ATA ACCT-3') forVzV, S1 (5'-
ACA GGT ACC TGC AGA TCT AGA-3") and S2 (5'-TAC GAG CTC GCG AAT TCA
TGA-3') for HHV-8, L1 (5'-GTT AGA TCT TAC CAA GTA AGC A-3") and L2 (5-TTA
TGA GTG ACT GGA CTG GAG GA-3') for EBV, respectively. Each PCR was performed in
atotal volume of 10 pL containing 1 pL of microdissected DNA, 4.0 pmol each of 32P-labeled
sense and antisense primers, 4.0 nmol each of dNTP, 1X GeneAmp buffer, 1.0 unit of
AmpliTaqg Gold Polymerase (Perkin Elmer, Hayward, CA), and a final concentration of 2.0
mM MgCly.

The cycling parameter with the HSV primer pair was an initial incubation at 94°C for 9 minutes;
3 cycles consisting of 94°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute; 37 cycles
consisting of 94°C for 45 seconds, 55°C for 45 seconds and 72°C for 1 minute; and a final
incubation at 70°C for 10 minutes. For the VZV primer pair, the cycling parameter was an
initial incubation at 94°C for 9 minutes; 40 cycles consisting of 94°C for 45 seconds, 47°C for
1 minute and 72°C for 1 minute; and a final incubation at 70°C for 10 minutes. For EBV and
HHV-8 primer pairs, the cycling parameter was an initial incubation at 94°C for 9 minutes; 40
cycles consisting of 94°C for 1 minute, 59°C for 1 minute and 72°C for 1 minute; and a final
incubation at 70°C for 10 minutes. Polyacrylamide gel electrophoresis and autoradiography
were employed to visualize the PCR products. Polymerase chain reaction was positive for HSV
and VZV but negative for HHV-8, CMV, and EBV (Fig. 1, left). The patient was again treated
with high doses of antiviral medication. He responded to treatment this time.

Noninfectious Uveitis

Polymerase chain reaction technology has also been implicated in studies of noninfectious
uveitis. The most common application is HLA typing. Saiki et al used PCR to enzymatically
amplify a specific segment of the beta-globin or HLA-DQ alpha gene in human genomic DNA
before hybridization with an allele-specific oligonucleotide for the detection of allelic
polymorphisms.44 Polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) methodology is applied to HLA-DR, -DQ, and -DW typing at the nucleotide
level, eliminating the need for radioisotopes as well as allele specific oligonucleotide probes.
45 Using this technique, Shino et al reported complete association of the HLA-DRB1*04 and
-DQB1*04 alleles with VVogt-Koyanagi-Harada disease (VKH).46 Polymerase chain reaction-
sequencing-based typing (PCR-SBT) is used for HLA-B*51 alleles. A significant association
of HLA-B*5101 with Behget disease was also found in both Japanese and Greek patients.4 -
49 HLA-B27 typing is associated with anterior uveitis.

Evaluation of intraocular cytokines, chemokines, and other inflammatory mediators and
markers provides important information, particularly in identifying cellular immune processes
underlying ocular inflammation in noninfectious uveitis.20 In general, the majority of
noninfectious uveitides represent an autoimmune etiology.50 These patients with uveitis
demonstrate a T-cell-mediated inflammatory response, predominately involving a Ty1-like
cytokine profile with expression of interleukin-2 (IL-2) and interferon alpha (IFN-c). 1-53
Cytokine and inflammatory-related transcripts are usually detected via reverse transcription-
PCR (RT—PCR).50154v55 The results from RT-PCR are complementary to data from Western
blotting and/or immunohistochemistry.

Int Ophthalmol Clin. Author manuscript; available in PMC 2009 March 12.
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Imai et al reported that significant amounts of interferon gamma (IFN-y) mRNA are found in
the cerebrospinal fluid (CSF) of 8 out of 9 patients with VKH, although there was no measurable
IFN-y present.56 The discrepancies between the 2 methods, RT-PCR and ELISA, might be
caused by the different sensitivities of these 2 techniques. In addition, transcripts and genes
are not always expressed simultaneously and/or require different stimulations. As predominant
Tyl cytokines and related proteins are thought to induce and activate noninfectious
autoimmune uveitis, expression of their genes underlines the pathogenic mechanism.>4

Case Examples

Inflammatory cells and ocular resident cells were collected via manual microdissection from
3 uveitic eyes, which we have reported previously.57‘59 The first eye was enucleated from a
29-year-old female with a 9-year history of bilateral uveitis complicated by secondary
glaucoma who presented with clinical features of Coats disease in the left eye, including
exudative retinal detachment, extensive retinal exudates, and tortuous vascular anomalies with
sheathing (Fig. 2A). The eye became blind and painful. The pathologic diagnosis was
inflammatory Coats disease with predominant CD4 positive T-cell infiltration.’

The second eye was enucleated from a 41-year-old woman with high myopia who developed
arecurrent retinal detachment in her right eye.58 After extensive retinal repair surgery, the eye
became phthisical and later developed sympathetic ophthalmia (Fig. 2B). This eye presented
with diffuse infiltration of mainly CD4-positive T-cells and granulomas in the choroid, as well
as Dalen-Fuchs’ nodules.>8

The third eye was enucleated from a 72-year-old woman with a 30-year history of bilateral
intermittent panuveitis, exudative retinal detachments, and disc swelling (Fig. 2C). She was
diagnosed with VKH. In spite of immunosuppressive therapy, her right eye did not respond
well and developed neovascular glaucoma, exotropia, and became blind and painful. The
pathology of this eye demonstrated an end-stage VKH with extensive chorioretinal scars,
retinal gliosis, and focal T-cellular and B-cellular infiltration.>9

RNA was isolated from the microdissected cells and examined for tumor necrosis factor alpha
(TNF-o) mRNA. The PicoPure RNA isolation kit (Arcturus, Mountain View, CA) was used
for RNA isolation and the Superscript Il Rnase H- reverse transcription system (Invitrogen,
Carlsbad, CA) and random primers (Promega, Madison, W) were employed for cDNA
synthesis. Polymerase chain reaction amplification was performed using the Human TNF-a
PCR kit (Maxim Biotech, San Francisco, CA) following the manufacturer’s manual. Briefly,
the PCR mixture contained 1 pL of microdissected DNA, 4.0 pmol each of 32P-labeled sense
and antisense primers, 4.0 nmol each of dNTP, 1X GeneAmp buffer, 1.0 unit of AmpliTag
Gold Polymerase (Perkin Elmer, Hayward, CA), and a final concentration of 2.0 mM MgCl,
in a total volume of 10 pL. The cycling parameter consisted of an initial incubation at 94°C
for 9 minutes; 40 cycles of 94°C for 45 seconds, 58°C for 1 minute and 72°C for 2 minutes;
and a final incubation at 70°C for 10 minutes. Polyacrylamide gel electrophoresis and
autoradiography were employed to visualize the PCR products. The inflammatory cells in the
3 eyes expressed TNF-a transcript (Fig. 2), although the ocular resident cells did not. Higher
levels of TNF-o message were noted in the eyes with intense active inflammation (cases 1 and
2).

Masquerade Syndrome

The masquerade syndrome is comprised of a group of disorders that occur with intraocular
inflammation and are often misdiagnosed as a chronic idiopathic uveitis. The most common
masquerade syndrome is malignancy; others include degeneration and foreign body in the eye.
Polymerase chain reaction can be useful for the diagnosis of masquerade syndrome. Early

Int Ophthalmol Clin. Author manuscript; available in PMC 2009 March 12.
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diagnosis and prompt treatment are critical to improve disease outcome, particularly in ocular
malignancies.

Primary intraocular lymphoma is a subtype of central nervous system (CNS) lymphoma
involving the eye. Most are diffuse, large B-cell lymphomas. It can often mimic chronic uveitis,
especially in elderly patients. The lymphoma cells in the vitreous and subretinal space may
present as “chronic vitreitis” and “subretinal infiltrations.” Although cytology,
immunohistochemistry, and/or flow cytometry demonstrating the malignant lymphoid cells in
the eye remain the gold standard, these diagnostic evaluations are often hampered by the
paucity and rapid degeneration of lymphoma cells in ocular fluid specimens. However,
molecular analysis to demonstrate B-cell monoclonality of immunoglobulin heavy chain (IgH)
gene rearrangements is highly sensitive and helpful. This technique combines microdissection
of at least 15 suspicious lymphoid cells and PCR.60.61 ytilization of PCR has become a
practical tool for the detection of IgHgene rearrangements and provides a helpful adjunct for
the diagnosis of B-cell lymphoma in the eye.

A number of nonmalignant conditions can masquerade as idiopathic uveitis. An intraocular
foreign body may elicit a uveitis. Retinal detachment can sometimes produce enough
intraocular inflammation to be misdiagnosed as a uveitis, and retinal degenerations may be
associated with inflammatory components. Polymerase chain reaction techniques can
demonstrate the involvement of inflammation in retinal degeneration including age-related
macular degeneration (AMD).63‘65 Johnson et al used end-point PCR to assess and find
amyloid grecursor protein isoform expression in a human retinal pigment epithelium (RPE)
cell line.56 The authors believed that RPE has the capacity to synthesize significant amounts
of amyloid precursor protein, which can act as a candidate activator of the complement cascade
in the context of drusen formation. These abnormal pathologic deposits can be accompanied
by chronic localized inflammation and accentuate the effects of primary pathologic stimuli of
AMD. Using PCR-RFLP, we demonstrated associations between AMD and single nucleotide
polymorphisms (SNPs) of CX3CR1, a CX3 chemokine receptor.65 Using RT-PCR, we also
showed low expression of CX3CR1 transcript in eyes with the CX3CR1 SNP. Our data suggest
that a decrease, caused by sequence variation and/or lower CX3CR1 expression, in CX3CR1-
induced cellular activities could contribute to AMD development. The underlying mechanisms
of AMD development may involve a decrease in the chemoattractant efficiency of
inflammatory cells to the macula of those exposed to AMD risk factors.

Case Examples

A 74-year-old female with a history of chronic bilateral uveitis was treated with systemic
corticosteroids. In spite of medication, she continued to present with 3+ vitreous cells and
subretinal infiltration. A diagnostic vitrectomy was performed. Cytology disclosed clumps of
mononuclear cells with poor morphology (Fig. 3). Some cells were necrotic, and few had large
nuclei and scanty basophilic cytoplasm. These atypical cells were positive for CD20 and kappa
light chain. The atypical cells were microdissected and subjected to PCR. The PCR primer
pairs were as follows: CDR3 sense (5-CCG GRA ARR GTC TGG AGT GG-3') and antisense
(5-ATC CTG AGG AGA CGG TGA CC-3'); FR3A sense (“-ACACGG CYSTGT ATT ACT
GT-3') and antisense (5-GGA TGG TAC CAA GCT TTG AGG AGA CGG TGA CCA-3');
and FR2A sense (5'-TGG RTC CGM CAG CAG SCV YCN GG-3') and antisense (5-ACC
TGA GGA GAC GGT GAC C-3"). Polymerase chain reaction was performed in a total volume
of 10 pL containing 1 pL of microdissected DNA, 4.0 pmol each of 32P-labeled sense primer
and unlabeled antisense primer, 4.0 nmol each of dNTP, 1X GeneAmp buffer, 1.0 unit of
AmpliTaq Gold Polymerase (Perkin EImer, Hayward, CA), and a final concentration of 2.0
mM MgCl,. The cycling parameter with the CDR3 primer pair included an initial incubation
at 94°C for 9 minutes; 40 cycles of 94°C for 45 seconds, 56°C for 45 seconds and 72°C for 1

Int Ophthalmol Clin. Author manuscript; available in PMC 2009 March 12.
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minute; and a final incubation at 70°C for 10 minutes. For the FR3A and FR2A primer pairs,
the cycling parameter included an initial incubation at 94°C for 9 minutes; 40 cycles consisting
of 94°C for 1 minute, 59°C for 1 minute and 72°C for 1 minute; and a final incubation at 70°
C for 10 minutes. Polyacrylamide gel electrophoresis and radio autograph were employed to
visualize the PCR products. The PCR product showed IgH gene rearrangements at the CDR3
site using FR3A and CDR3 primers (Fig. 3). A diagnosis of primary intraocular lymphoma
was made. The patient received systemic chemotherapy.

Autopsy eyes of an 89-year-old woman with a long-standing history of bilateral neovascular
of related macular degeneration and cataract extractions revealed a disciform scar with
subretinal component that contained hyperplastic RPE and small vascular lumens (Fig. 4A,
B). There was total loss of photoreceptors. Mild amounts of chronic inflammatory cells were
noted in the choroid. The nonretinal cells were microdissected and analyzed for CX3CR1 SNP
typing; the retinal cells in the macular and perimacular were also microdissected for
determining CX3CR1 mRNA by RT-PCR.

Single nucleotide polymorphism typing of CX3CR1 T280M was performed by PCR
amplification of a 588 base-pair CX3CR1 DNA fragment. The amplified DNA fragment
containing the polymorphic sites was flanked by the following primers: forward: 5-CCG AGG
TCC TTC AGG AAA TCT-3', and reverse: 3'-GAG TTC CTG AAC CTG ATG CTGA-5'.
The PCR mixture included 1XJumpStart ReadyMix REDTaq (Sigma), 100 ng DNA, and 70
pmol of primers. The cycling parameter included an initial incubation at 94°C for 2 minutes
and 34 cycles of 94°C for 30 seconds, 50°C for 40 seconds, and 72°C for 55 seconds. Restriction
fragment length polymorphism analysis for the T280M SNP was conducted by incubating 3
pL of PCR product with 1.5 pL of BsMB1 buffer, 10 pL of water, and 0.5 pL of enzyme BsmBlI
at 55°C for at least 4 hours. Fragments were separated on 15% TBE polyacrylamide gels and
visualized after ethidium bromide staining.

About 500 neuroretinal and RPE cells from the maculae were microdissected for total RNA
extraction and purification using the PicoPure™ RNA isolation kit (Arcturus, Mountain View,
CA). cDNA was synthesized with reverse transcriptase (Superscript 1; Life Technologies,
Grand Island, NY) and random hexamers (Promega, Madison, WI). Short amplicon PCR was
designed for CX3CR1 and B-actin amplification. The primers for amplifying the 100 bp
segment spanning from exon 1 and exon 2 of CX3CR1 were 5'-CAG ATC CAG AGG TTC
CCT TG-3' and 5'-TAA CAG GCC TCA GCC AAA TC-3'. The primers for amplifying the
103 bp segment spanning from exon 5 to exon 6 of B-actin were 5'-CCC AGC ACA ATG
AAG ATC AA-3'and 5-ACA TCT GCT GGA AGG TGG AC-3'. Three picomoles of

the 32P end-labeled sense primer and the unlabeled antisense oligonucleotides were used as
appropriate. The 10 pL PCR amplification of 2 pL single-strand cDNA was performed with
0.5 U gold polymerase (AmpliTaq Gold; Perkin-Elmer Corp., Hayward, CA) using a cycling
parameter with 34 cycles of 94°C for 30 seconds, 60°C for 30 seconds, 72°C for 40 seconds,
and a final incubation at 72°C for 7 minutes. Polymerase chain reaction products were size
fractionated using 15% polyacrylamide TBE gels (Bio-Rad, Richmond, CA). Images were then
captured by autoradiography. CX3CR1 M280 SNP and low expression of CX3CR1 mRNA at
the macula but not the perimacula were found in this case (Fig. 4C, D).

Conclusion

Polymerase chain reaction is a powerful molecular technique for evaluation of very small
amounts of DNA and RNA. Polymerase chain reaction can be a simple, rapid, sensitive, and
specific tool for the diagnosis of infection, autoimmunity, and masquerade syndromes in the
eye. Polymerase chain reaction products amplified directly from intraocular specimens are able
to provide useful information with important therapeutic implications. Although PCR may not

Int Ophthalmol Clin. Author manuscript; available in PMC 2009 March 12.
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be able to replace microscopy, culture, and immunologic tests in the immediate future, it will
definitely be helpful as an adjunct in the diagnosis of cases that have failed to be identified by
conventional methods in laboratories having access to good research facilities.
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Figure 1.

Photomicrograph showing (A) retinal vasculitis (arrow) and a large cell with cytoplasmic
inclusions (arrowhead); (B) several retinal cells containing nuclear inclusion (arrowheads); (C)
retinal necrosis; and (D) PCR demonstrating positive HSV and VZV but negative HHV-8 and
EBV (lane 1, the case; lane 2, negative control; lane 3, positive control).
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Figure 2.

Funduscopic photographs showing (A) an active inflammatory Coats disease with crystalline-
lipid exudates, retinal vascular sheathing, and pigmentary deposits; (B) an active sympathetic
ophthalmia with many small Dalen-Fuchs’ nodules and retinal detachment; and (C) an end-
stage VKH with large chorioretinal scars. D, Reverse transcription-PCR amplification showing
expression of TNF-a messengers in ocular inflammatory cells of the 3 cases (lane 1-3, case
A-C, respectively; lane 4, negative control; lane 5, positive control).
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IgH gene rearrangement

Figure 3.

Photomicrograph showing vitreous cytology of poor defined, large lymphoid cells, small
lymphocytes, necrotic cells, and vitreous strands (left; Giemsa, original magnification, x 200);
PCR amplification showing IgH gene rearrangement with FR3A and CDR3 primers in those
large lymphoid cells (right).
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Figure 4.

Photomicrograph showing typical AMD with large disciform scars (asterisks) between the
neuronal retina and Bruch membrane, loss of photoreceptors, and normal RPE cells (A, right
eye; B, left eye; hematoxylin & eosin, original magnification, x100). C, The gel image of the
RFLP pattern showing heterozygous CX3CR-280 (T/M) with 216, 297, and 372 bp (lane 1),
uncut in lane 2. D, Reverse transcription-PCR of CX3CR1 mRNA in the macular and
perimacular regions showing no CX3CRL1 in the macula but equal expressions of -actin
MRNA on both regions (small amplicons of 100 bp spanning from exon 1 and exon 2 of
CX3CR1, and 103 bp spanning from exon 5 to exon 6 of p-actin were amplified using 32P-
labeled primers. Polymerase chain reaction products were separated by gel electrophoresis.
Images were captured by autoradiography.
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