


Clin Mol Pathol: first published as 10.1136/mp.49.1.M23 on 1 February 1996. Downloaded from http://mp.bmj.com/ on September 24, 2021 by guest. Protected by copyright.



Identification of Candida in formalin fixed, paraffin wax embedded tissue

Figure 1 (A) PCR amplification of candidal rDNA with
primers ITS1 and ITS2. (B) PCR amplification of
candidal rDNA with primers ITS1 and ITS4. Lanes 1 to
8 contain DNA from C glabrata, C guilliermondii, C
kefyr, C krusei, C parapsilosis, C stellatoidea, C
tropicalis, and C albicans, respectively. Lane 9 contains
a molecular weight marker.

against candidal rDNA. Twelve of the 18 tissue
samples yielded PCR products of about 105
base pairs with the Pconl/Pcon2 primer pair.
Products of 218 base pairs were also obtained

Figure 2 PCR amplification of candidal rDNA extracted
from formalin fixed, paraffin wax embedded tissue with
primers ITS1 and ITS2. Lanes 1 to 6 contain DNA from
the following formalin fixed tissue samples: D92.1639,
D92.865, D95.227, D92.791, D95.126, and D88.169.
Lanes 7 and 8 contain DNA from C krusei and a water
control, respectively. Lane 9 contains a molecular weight
marker.

from these samples using the ITS1/ITS2 primer
pair (fig 2). In two of these 12 tissue samples
a second, larger PCR product (478 base pairs)
was also observed. Using primers ITS1 and
ITS4, 535 base pair PCR products were gen-
erated from two of the 18 samples tested.

DIRECT SEQUENCING OF PCR PRODUCTS
The Pconl/Pcon2 PCR product from five tis-
sue samples and eight Candida cultures was
sequenced (tables 1 and 3). When Pconl/
Pcon2 product sequences generated from pure
cultures of Candida and database sequences (C
parapsilosis, EMBL accession no. D10535 and
C albicans, EMBL accession no. X16634) were
compared, it was apparent that there was in-
sufficient variation to enable speciation.
Sequencing of PCR products obtained from
pure cultures of Candida (table 1) with the ITS1
and ITS2 primers showed that each Candida
species yielded an identifiable product se-

Table 3 PCR product sizes obtained by amplification of DNA from formalin fixed, paraffin wax embedded tissues using

Sfour different primer pairs

Primer pair and product size (bp)

Tissue reference Origin of tissuet AW75 and AW?76

Pconl and Pcon2 ITS1 and ITS2 ITS1 and ITS4

Positive control

D88.169 CHC 202
D88.389 CHC No product
D88.404 CHC No product
D89.912 CHC 202
D90.665 CHC 202
D91.697 CHC 202
D91.98 CHC 202
D92.641 CHC 202
D92.791 CHC 202
D92.865 CHC 202
D92.1000 CHC No product
D92.1639 CHC 202
D93.1497 CHC 202
D93.1498 CHC 202
D93.1521 CHC 202
D95.126 Fibroepithelial polyp 202
D95.227 Fibroepithelial polyp 202
D95.400 CHC 202

105 218 535

105* 218* No product
No product No product No product
No product No product No product
105 218 and 479 No product
105 218 No product
No product No product No product
105 218* No product
No product No product No product
105* 218 and 479* No product
105* 218* No product
No product No product No product
105* 218* No product
105* %lg* No product
105 1 535

105* 218 535

105 218 No product
105 218* No product
No product No product No product

T Tissues previously shown to contain structures consistent with Candida hyphae by microscopic examination; CHC = chronic

hyperplastic candidiasis; * products sequenced.
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C albicans X71088' TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC

C albicans 655
C tropicalis 340
C krusei 3165
D88.169

D91.98

D92.865

D92.1639
D93.1497

D95.227

C albicans X71088!
C albicans 655

C tropicalis 340
C krusei 3165
D88.169

D91.98

D92.865

D92.1639

D93.1497

D95.227

C albicans X71088'
C albicans 655

C tropicalis 340
C krusei 3165
D88.169

D91.98

D92.865

D92.1639

D93.1497

D95.227

C albicans x71088t
C albicans 655

C tropical 340

C krusei 3165
D88.169

D91.98

D92.865

D92.1639

D93.1497

D95.227

C albicans X71088!
C albicans 655

C tropicalis 340
C krusei 3165
D88.169

D91.98

D92.865

D92.1639

D93.1497

D95.227

TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGGTGAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTG- - TGATTTA- - -GTACT
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTXCTGATTTGCXTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGATTTGCTTAATTGCACC

hhhkhkhkdkhkhhhhhkhhhbhhbhrhhkhbhddhrhrhd &bk * * * kk

ACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGGCC-CAGCCT
ACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGGCC-CAGCCT
ACATGTGTTTTTTATTG-AACAAATTT-CTTTGGTGGCGGGAGCAATCCT
ACAC-TGCGTGAGC- -GGAACGAARX-----~--- ACAACAA----- CACCT
ACATGTGTTTTGTTTTGGA - CAAACTTGCTTTGGCGGTGGGCCTCTACCT
ACATGTGTTTTGTTTTGGA - CCAACTTGCTTTGGCGGTGGGCCTCTACCT
ACATGTGTTTTGTTTTGGA- CAAACTTGCTTTGGCGGTGGGCCTCTACCT
ACATGTGTTTTGTTTTGGA-CAAACTTGCTTTGGCGGTGGGCCTCTACCT
ACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGGCC-CAGCCT
ACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGGCC-CAGCCT

* k% * % * * * * Kk * % %

GCCGCCAGAGGTC-TAAACTTACAACCA-ATTTTTTATCAACTTGTCACA
GCCGCCAGAGGTC-TAAACTTACAACCA-ATTTTTTATCAACTTGTCACA
ACCGCCAGAGGTTATAA- -CTA-AACCAAACTTTTTATTTACA-GTCAAA
-------- AAAATGTGGAAT-ATAGC- - - - - - - - - -ATATAGTCGACAAG
GCCGCCAGAGGACATAAACTTACAACCAAATTTTTTATAAACTTGTCACG
GCCGCCAGAGGACATAAACTTACAACCAAATTTTTTATAAACTTGTCACG
CCCGCCAGAGGACATAAACTTCCAACCAAATTTTTTATACACTTGTCACG
CCCGCCAGAGGACATACACTCACAACCATATTTTTTATAAACTTGTCACG
GCCGCCAGAGGTC-TAAACTTACAACCA-ATTTTTTATCAACTTGTCACA
GCCGCCAGAGGTC-TAAACTTACAACCA-ATTTTTTATCAACTTGTCACA

* * * ok * % * * k%

CCAGATT-ATTACT- TAATAGTC-AAAACTTTCAACAACGGATCTCTTGG
CCAGATT-ATTACT- -AATAGTC-AAAACTTTCAACAACGGATCTCTTGG
CTTGATTTATTATTACAATAGTC-AAAACTTTCAACAACGGATCTCTTGG
AGAAATCTACGAXA- - AACAXACAAAACTTACTAACAACGGATCTCTTGG
--AGATT-ATT-TT-TAATAGTC-AAARACTTTCAACAACGGATCTCTTGG
--AGATT-ATT-TT-TAATAGTC-AAAACTTTCAAXAACGGATCTCTTGG
--AGATT-ATT-TT-TAATAGAC-AAAACTTTCAACAACGGATCTCTXGG
--AGACT-ATT-TT-TAATAGTCCAAAACTTTCAACAACGGATCTCTTGG
CCAGATT-ATTACT - -AATAGTC-AAAACTTCCAACAACGGATCTCTTGG
CCAGATT-ATTACT-TAATAGTC-AAAACTTTCAACAACGGATCTCTTGG

* * L *  kkk * dk khkkkkkkhkkhkk kK

TTCTCGCATCGATGAAGAACGCAGC
TTCTCGCATCGATGAAGAACGCAGC
TTCTCGCATCGATGAAGAACGCAGC
TTCTCGCATCGATGAAGAACGCAGC
TTCTCGCATCGATGAAGAACGCAGC
TXCTCGCATCGATGAAGAACGCAGC
TXCTCGCATCGATGAAGAACGCAGC
GTCTCGCATCGATGAAGAACGCAGC
TTCTCGCATCGATGAAGAACGCAGC
TXCTCGCATCGATGAAGAACGCAGC

dedkdokdhhkohkhkodkhkodkhkhkkkhkhkkhdhhdhdd

+t = EMBL accession number; *indicates identical bases.

Figure 3 CLUSTAL v multiple sequence alignment of ITS1 and ITS2 PCR products amplified from pure cultures of

Candida and archival tissue.
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Table 4 DNA distance values for ITS1 and ITS2 primer generated PCR products amplified from pure cultures of Candida and archival tissue

C albicans
EMBL X71088 C albicans 655 C tropicalis 340 C krusei 3165 D88.169 D91.98 D92.865 D92.1639 D93.1497 D95.227
C albicans
EMBL X71088 0-0000
C albicans 655 0-0140 0-0000
C rtropicalis 340  0-1078 0-1206 0-0000
C krusei 3165 0-3856 0-4103 0-3625 0-0000
D88.169 0-0436 0-0594 01216 0-3324 0-0000
D91.98 0-0497 0-0660 0-1305 0-3441 0-0047  0-0000
D92.865 00650 0-0819 0-1354 0-3356 0-0190 0-0243  0:0000
D92.1639 0-0693 0-0861 0-1524 03612 0-0284 0-0340  0-0387 0-0000
D93.1497 0-0046 0-0188 0-1089 0-3794 0-0488 00550 0-0706 0-0748 0-0000
D95.227 0-0000 0-0141 0-1089 03914 0-0438  0-0497 00650 0:0697 0-0046 0-0000

base pairs) generated from the test tissue
samples revealed greatest homology with the
product obtained from C albicans, and also
concurred with previously reported sequences
(EMBL accession no. X71088) for the targeted
region of C albicans rDNA (fig 3, table 4). The
sequence of the larger (478 base pairs) PCR
product obtained from tissue D92.791 had
greatest homology with sequences obtained
from the pure culture of C glabrata.

Discussion

The presence of bacteria, protozoa and viruses
in formalin fixed, paraffin wax embedded ma-
terial has been demonstrated by PCR.>'! 192
However, the detection of fungi in such material
using gene amplification techniques has not
been reported. The results of the present study
have demonstrated that it is possible to detect
and identify Candida species present in formalin
fixed, paraffin wax embedded tissue by analysis
of the primary structure of PCR amplified
rDNA.

C albicans was detected in 12 of the 18
specimens examined. C glabrata was also pres-
ent in two of these 12 samples. PCR products
were not obtained with any of the four primer
pairs used in three samples, whilst candidal
DNA was not amplified in six. There are several
possible explanations for the failure to produce
a PCR product. Previous studies using PCR on
formalin fixed, paraffin wax embedded tissues
have noted the presence of endogenous in-
hibitors originating from the tissue.?! Fur-
thermore, the size of extracted DNA may be
relevant as degradation of target DNA during
fixation in formalin has been documented.? In
this study three different fungal specific primer
pairs were assessed in separate PCR protocols.
Amplification was less successful as the length
of target increased. This observation could be
related to the decreased efficiency of the PCR
on larger targets in formalin fixed material; the
intermittent failure of PCR to amplify target
DNA greater than 300 base pairs has been
reported.?' The relatively high number of Can-
dida within the agarose control preparation
compared with the levels detected in the tissue
samples may have partially compensated for
this problem and permitted amplification of
535 base pair targets in this material.

Although PCR products were generated by
both the Pconl/Pcon2 and ITS1/ITS2 primer
pairs, only the latter products were found to

be suitable for the identification of Candida
species. These primers amplified targets in 12
of the 18 specimens tested and sequencing of
these products enabled the identification of
both C albicans and C glabrata. Products iden-
tified as originating from C glabrata were ob-
tained from two samples, along with products
characteristic of C albicans. This finding may
indicate infection involving two species of Can-
dida.

The ability to identify Candida within human
tissue provides an opportunity to increase our
knowledge of the role of candidal species in
disease. This is particularly important for
patients with CHC because of the association
between this form of candidiasis and the de-
velopment of oral cancer.

In conclusion, this study has demonstrated
that Candida species can be detected and iden-
tified in formalin fixed, paraffin wax embedded
tissues by sequencing PCR amplified candidal
rDNA sequences.
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D W Williams was supported by the Medical Research Council,
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