CHAPTER III

REVIEW LITERATURE

Candidiasis

Since 1970, the annual\ 1 candidiasis increased significantly in
association with change in"medi act@ing widespread of therapies, the

—

use of broad-spectrum gents wath.less awareness, the common use of
indwelling intravenous /the ven ic immunosuppressive viral
infection such as AID inated inf ies a high mortality which

due to the immunosuppressive ure _of s , organ transplantation and the

most common nosoc"gnial’: blood cul : (FL), Among various kinds of

ngeal candidiasis is the most

common fungal infectigu (20).
This malady is caused by yeast inghe genus Candida. The most frequent

species is Canﬁa%ﬂnq %ﬁ%eﬁ lwb&]n%eﬁlhat the incidence of a

non-albicans Candida (NAC) is inc‘r‘casing and becomes the most, gommon etiologic

=9
agent j ﬁvlw?fg g&%ﬁ] CJ Hﬁﬁ%za %ltropicalis C.
gulliem.g i"and "C. ei (21-24).  Candida albicans is a true opportunistic

pathogen that is usually present in the intestine, and probably part of the normal flora
of the cutaneous and mucocutaneous surface. Candida species are frequently isolated
from oral cavity and are detected in approximately 31 to 50 % of healthy individuals
(25). But because of the fungicidal effect of human saliva, the presence of
glycoprotein and saliva immunoglobulin A (IgA), adherence of Candida may be

prevented. Some hypotheses of how this genus colonize and/or infect have been



stated. It is possible that some small local alterations, such as those derived from
smoking tobacco are enough to promote Candida infection in the oral cavity.
However, the main factors conditioning this development seem to be changes in the
normal microbial population (which could either mask/compete for receptors or
interfere directly) and/or alterations of the immune system, the rate of colonization
increasing with severity of illness and duration of hospitalization (26). Another

promoting factor is that elderly pe | e little saliva, which is responsible for

both washing and pH regui effects. ese factors can serve to explain the

higher frequecy of orop colﬂiza@ction in newborns and elderly

Seneral, Witary conditions also favor

oropharyngeal candid

factor for oropharynge andi diasi ot ual immunodeficiency-derived
physiological status - otics seem to favor Candidia
selection, but psychotrg piche figh al alterlations in the oral microbial
population. The primary v neutrophil dysfuntions, cellular
immunodeficiencies, hu 1 : ies, complement alterlations or
complex combined syndromeg‘l:ml' e atlons in the oral microflora that can
lead to an overgr?_;yth of C" nd'&'a ﬁn gfopharyngeal inflammation
Particularly if phage ed, tl C.lalbicans infection is clearly

increased. Radiation ﬁ apy can , hange in qﬁl bacterial flora and promote
colonizacion or mfcctlo? There has bee stated that in some predisposing factor in

certain patien II; ?ﬁ ?Wf‘aﬁx %)sal surface of the oral
sive for C. albicans

cavity is mor an 1n nondiabetic patlents The most

o) B A ) SR
probab ﬂ) a 1 e ora cav1ty The most

preva]ent yeast pathogen is C. albicans. It has been suggested that HIV infection
increases the adhesivity of C. albicans to the oral mucosal surface. The frequency of
esophageal and orophageal candidiasis among these patients varies between 45 %
and 95 % and is considered one of the earliest symptoms of AIDS among HIV-
positive patients, as well as an early predictive marker of pulmonary tuberculosis in
these patients. The prevalence rates of oropharyngeal colonuzation by C. albicans on

HIV-positive AIDS patients without evidence of infection range in some series from



50 % to 78 %. C. albicans has the highest frequency of isolation (55 %) and the
prevalence of other species appears to be lower: C. tropicalis (17 %) and C. krusei (12
%) (27-29).

Antifungal drugs

Based on the mechanism o ngal drugs, we can divide the drugs into

3 major groups as followed.

1. Antifungal g erg esis
The three maj

thiocarbamates are di

le polyene and allylamine/

ism of action of antifungal
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The first report of the antifungal properties of N-substituted imidazoles was
published in the late 1960s by RJ. Holt (31). Azole antifungal agents have fungistatic,
broad-spectum activity that includes yeast and filamentous fungi. Fluconazole is
particularly active against candidiasis and it has become agent of choice for treatment
and porphylaxis of systemic candidiasis in oropharyngeal candidiasis because it has

an excellent safety profile in immune normal and immunocompromised patients and



it can be administrated by the oral and by the intravenous routes (32). The imidazole
derivative compounds have been produced, such as miconazole, econazole,
ketoconazole, fluconazole, itraconazole, and voriconazole.

Ergosterol is an important sterol for fungi. It has an essential function in
which trace amounts of ergosterol are necessary for the cells to progress through the

cell cycle (33). It serves as a biore ulator of membrane fluidity an asymetry and

consequently to membrane integgity ell. Integrity of the cell membrane

requires that inserted sterol.Jac| '} 4 m s. There are evidences suggest that
h cocatalyze cytochrome P-450
dependent 14a-demethy €. ole acts through an unhindered
nitrogen, which bin preventmg the activation of
oxygen which is ne anosterol (7). And to interact
directly with the apog t'_ g hyllase; suggesting that the position
of the second nitroge : \ determine the specificity of

different azole drugs for the ¢
Inhibition of 14cedensathy . depletion of ergosterol and

acculumation of sterol precurs

ursorTp

4o-demethylase set sterols , resulting in

the formation of a pia ¢ and function (Figure 2).

b i enzyme, such as those
asscociated with nutr@ isport and chitis thesxsmld may additionally interfere
with nutreint hormonq-l e function of, ergosterol, affecing cell growth and

proliferation. ﬂs‘ﬂtﬁs@‘w tﬁ} ﬂp‘jtw &anﬂuﬁcauses C. albicans to

develop large multinucleated cells. Jt 1s therefore llkely that the ngstatlc action of

o SR TR HA TN G e
sterol ¢ out by the mhlbltlon of P-450 dependent 14q-

demethylation of lanosterol (34).

Example alter the ;



Figure 2 . The action of fluconazole to fungal target enzyme, Cytocrome P-450
dependent 14o-sterol demethylase cause to membrane impair

function.

Lanosterol Ergosterol

v

Accumulation of

Deficiency in

“false” sterols essential
ergosterol
It is to be no ‘ 1z01¢ ac \\\ so'vary with the genus treated .
And the mammalian cl o ithes ’ked by azoles at the stage of
l4a-demethylation, how bilfae rod ‘ ect the same degree of inhibition
is much higher than that r e

12 Polyene

(7
Figure 3. The structlﬂ 0

The polyene antibiotics are natural fermentation products, produced by an
actinomycete recovered from soil, Streptomyces nodusus in Venezuela in 1950s (35).
They are fungicidal and have the broadest spectrum of activity in any clinically useful

antifungal compound.
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From the 1950s, polyene antifungal agents represented the standard of therapy
for systemic fungal infection before the discovery of azole. These drugs, which
included amphotericin B and nystatin, are amphipatic, having both hydrophobic and
hydrophilic properties. These feature of amphipatic structure is believed to be
important in it mechanism action (35). It has been reported on the susceptible
organisms, eg. yeast, algae and protozoa. These eukaryotes contain sterol in their

outer membrane while resistant drganis donot (7). The polyene action is through

channel through which cellular
components, especially potassium i 1 oplasmic components and there
by destroying the protéifi gradient within the n ~u ane and as a consequence by the
death of the organistfi. Th€ a¢ { amp on fungal cells is believed to
involve more than : as_there ar¢ reports that it involves in
oxidative damage to known. (35).

1.3 Allylamines

Figure 4. The structure ¢
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The allylamines such as naftifine and terbinafine and thiocarbonates such as
tolnafine and toliclate have been developed as a new class of ergosterol biosynthetic
inhibitor by inhibiting the conversion of squalene to 2,3-oxidosqualene by the enzyme
squalene epoxidase, SE. (36). Among the SE inhibitors, terbinafine is the most potent
agent against a wide variety of pathogenic fungi and has a primary fungicidal action
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(37).. This drugs has good activity against at least some azole resistant C. albicans.
This inhibition coincides with accumulation of the sterol precursor squalene and the
absence of any other sterol intermidiate. The fungal cell death is related primarily to
accumulation of the sterol precursor squalene and the absence of any other sterol
intermidiate. Fungal cell death is related primarily to the acummulation of squalene

rather than ergosterol deficiency because high level of the squalene may increase

types of drug. The j 0 1 squalene accumulation effect
membrane structure
there are report that d activity 2 t at least some azole resistant

C.albicans strain an active against Chneoformans (40).

It discovered im the 1970s g a.rra'oﬁne which is used in nail
infection, are agncultural fung1c1dal The morpholmes (such as fenpropimorph and

amoroifine) i %@ pathway, c-14 sterol
reductase and ﬁyﬁm Hterestmg, the morpholine from propimorph also
inhibit cholesterol ﬁv] ﬂk] aeglnethylatlon of
lanoste lﬁ ’Lihﬂ mﬁm aﬂﬂl

2. Antifungal drug active against fungal cell walls

The fungal cell wall contains compounds, such as mannan, chitin, and a- and
B- glucans, that are unique to the fungal kingdom. Since these components are not
found elsewhere in any organisms, they have been identified as possible targets that
provide selective toxicity advantages. A compound that have the ability to affect the

cell walls of fungi have been discovered and described over the past 30 years (41).



Ther are three groups of compounds such as aculeacines, echinocandins and
papulacandins, that are specific inhibitor of fungal 3-B-glucan synthase. For
echinocandins, which are lipopeptides, have fungicidal against Candida and
Aspergillus both in vitro and in vivo (42).

When Candida albicans culture was treated with cell wall antibiotics revealed

highly distored, wrinkgle and collasped cells. Dividing cells failed to separated

properly and aggreats of enlz rged ar iom forms. B - glucan inhibitor act as

specific noncompetitive inhibits ¢ synthetase. The inhigition of p -

(1,3) — glucan synthet ultrastructural changes in fungi
characterized by growth d cell wall and buds tailing to
reported from mother smotically sensitive. Suggest that
the specific site of the is site had been known as the

Auting;
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FC is a water soluble, fluorinated pyrimidine analog with inhibitory activity against
many yeasts that was discovered in 1957. 5-FC is used in combination with the
antifungal drugs such as amphotericin B and fluconazole such as in meningitis and
dissiminated candidiasis.

5-FC is taken up into the cell by a cytosine permease it has two primary
mechanisms of action. The first is conversion by cytosine deaminase into 5-

fluorouracil (5-FU) with subsequent conversion through several intermidiateds into 5-
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fluorouridine triphosphate and incorporation in to fungal RNA with resultant
inhibition of protein synthesis and the conversion by uridine monophosphate
pyrophospharylase into 5-fluorodeoxyuridine monophosphate (F-dUMP) which
inhibits thymidylate synthetase and DNA synthesis. 5-FC is fungal specific because

mammalian cells have little or no cytosine deaminase (7, 45).

ly,

s1s\‘_-Mted but it appear that severely

1ghes . The previous exposure of

Antifungal resistant

1. Polyene resist

The report of ;
immunocompromis
polyene and cytotoxi evelopment of amphoterin B
resistance such as in Cahdi " and Cryptococer eoformans (33).

The primary po ista +has beei ‘-"».\ in Pseudallescheria boydii
JFusarium, Trichosporon beigellji t0). L€ primary resistant has emerged in parallel
with the increase in th . 'nfec ous due to the so-called emerging

fungi. The secondary resistatice h:

patients  with cancer. Funﬂmrﬂi&fé

myelosuppressive ghemotherap: rr:.,..mtﬁ tation were seem to have
)

‘been found in yeasts causing infections in

olates from patients undergoing

significantly highér thaia - colonizing isolates from
onts (47). S

S 6oL 1o 121010

In 1994 Law and colleage‘ reported thesrate of amphdtericin B resistance

from Candhils'sprisofhied f %%’}ﬁsﬂhﬂﬂl@ oA that 1 of 945

isolates Were resistant and 12 1solates were intermidiate resistant (11).

immunocompetant pat:

2. Flucytosine resistance

Primary resistant to 5-Fc is common in certain yeast and molds Non-albicans
Candida spp. and dimorphic fungi , have high rates of 5-FC resistance. The study of
348 Candida isolates,only 12 (3.4%) isolates were flucytosine resistance.

One study showed primary flucytosine resistance in C, albicans ranging from

6.5% of isolates in Europe to 33% in the USA with a general prevalence around 9%
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Because 5-FC resistance develops frequently , the drug should never be used as a

single agent to treat either yeast or mold infection (47).

3.Azole resistance
There are many reported of fluconazole resistance because this drug has

become important in treatment of mucosal candidiasis in AIDS patients.

was subsequently described in-up-t ts in the following year.

Maenza and ted a cre onal study of the frequently

percent of the pati , Sympt \ disease up to 46 percent and the
prevalence of flucon : 1 : ‘hastbeen estimated to be 21 to 32 percent in
7 natic patients (48).
And one study rep he susceptibi ‘ during a 2-years period. From total
B Mhle. 11 strains (1.3 %) showed
were resistant to fluconazole while 403
sysceptible and 405 (47.6 %)
resistant to itracon -‘EJ
The risk faco , al (Esls in HIV patein was study
by Maenza in 1996 (m) The case-control study was performed in 25 pateints and

control who h ad lower CD4 counts
and a longer d MMHeHT e matche control So the advanced
Immunosuppression and pre zﬁsi be risk factor
in dev ﬁ: Qﬁﬁ% mﬂnﬁﬁﬂj ﬁﬂcal antifungal

drug re51 ance was shown in the table 1.

intermediated susceptlblhty and 317

TrE .*"H‘!
(47.3 %) were susceptible; 43 (5 | ¢
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Table 1. The Risk factor of drug resistant in organisms (6)

Antifungal drug Localisation of ifection Fungal pathogen  Risk factors

Fluconazole ~ Oropharyngeal Candida spp HIV infection
candidiasis Fluconazole use
Low CD4 cell count

Prior use of antituberculous drugs and antibiotic
ute leukaemia

Fluconazole ~ Candidaemia / @ Haemathological malignancy and solid tumors

Fluconazole Candidaenia

Amphotericin B Invasive infections i ) enm!hological malignancy

| antibiotics
Amphotericin B Invasive infections j

‘o prolificans o Seveleandpmlonged neutropenia

Amphotericin B Dis.sexm'mﬂ| u 8 q “u'g’nrguwm mambmcs
disease i Ta e
N W TOVNTT IR STV T Ve 1o




Antifungal Susceptibility Testing (51, 52)

Basically, in vitro susceptibility tests are meant to provide (i) a correlation
between in vivo activity and therapeutic outcome, (ii) a measure of the relative
activities of two or more antifungal agents, and (iii) a means to monitor the
development of drug resistance. It must also be recognized that there are inherent

chemical measurement. A secord tion is that the interaction between the

limitation with all in vitro susceptibili; tests because the MIC is not a physical or
microorganism and antifungal ag d the persistence or progression of
an infection can occur « he i '@ppropriate antifungal therapy.
susceptibility testing i ondition, in part because (i) host
factor are absent, (ii) the | is essenti

and (iii) the test in i#c/is probably at ariance with the infection load. The
determination of the | thus takes into account both

host defense and intri icrobiatiactivity. result, a distinction is made

r o
L AN

condition and iatro%_efic factor contribute mor 4l outcome than antifungal
|I -

therapy. Neverthelcss:-despite & tact that antifungal siiseeptibility testing may not
spond toﬂntifungal therapy, in vitro
microbiological res1stan%¢ gn often be usew predict therapeutic failure.

A HEANENINGING

ethod for Yeast Susceptibility Testing.

ST s ¢ . o %J _
Oh MNP 11w ' i i
testing qti gal sasceptibili ; S ﬂt P has allowed investigators

to each other. The NCCLS subcommittee on Antifungal Susceptibility Testing

always identify thosq-| el

published the M27-A2 reference method for broth dilution susceptibility testing of
Candida spp. and C. neoformans to allow the development of standard breakpoints to
guide therapy and to decrease interlaboratory variability. The NCCLS M27-A2
reference method is the result of a series of collaborative studies that focused on
standardizing variables that influence in vitro susceptibility testing and MIC endpoint

determination for yeasts, including incubation duration and temperature, medium
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composition, and inoculum size. This protocol has progressed from a document that
examined the role of variables in standardization through proposal, tentative approval,
and approval. Adherence to the M27 method has been shown to provide greater than
90 % intralaboratory and interlaboratory reproducibility. Standardized testing
methodology should ultimately result in the development of breakpoints, with an

improved understanding of the relationship between in vitro testing and in vivo
outcomes.

\2
2.Alternatives ﬁ

L2 -methoddor Yeast Susceptibility Testing

Modifications
methodology more Ve effic and conve nt, have been proposed. In
Europe, the Antifun “Festing Subcommittee has modified the NCCLS
M27 microdilution . on etric endpoint determination

after 24 hours of incu " < 1t : g 1640 medium with 2 percent

3.Colorimetric adaptation

[ ] L

More i i lﬂmg'rﬁﬁ"lmetric endpoint in a
broth microdil@nﬂaﬁmmmiomre uction indicator Alamar Blue
has been used most extensive m ﬁ i 1 ﬁ; th microdilution
tray cﬂdﬁegﬁ&ﬁﬁ go cﬁﬂ:‘r .,EIVestlake OH).
Several squdies have found good correlation between the NCCLS microbroth dilution
method and the YeastOne colorimetric microdilution panel. The sensititre YeastOne
method appears to be a suitable alternative procedure for routine antifungal
susceptibility testing of Candida spp., although species-specific discrepancies have
been noted. Two additional colorimetric methods, called the ASTY Colorimetric

Microdilution Panel and Rapid Susceptibility Assay (RSA), have also been introduced

but have not achieved broad acceptance. The RSA is unique in that it is based on



18

suppression of glucose uptake by susceptible fungal cells in the presence of antifungal
agents. However, there is poor agreement between the RSA and the M27 method for

testing fluconazole and itraconazole.

4.Spectrophotometric and other novel adaptations
This simple adaptation of the M27 reference involves agitation of the

microtiter plate or resuspension of the gontents using a multichannel pipettor. 5 —

FC, or caspofugin, the M C endp ned as the lowest concentration of
antifungal agent at whichethe-ah afnce 1 to 50 percent in comparison to
. -w ctrophotometric method correlation well

% dily on format that incorporates the
addition of the fluo boxyl \ iacetate (CFDA), used to assess

W\

method that quantifies ¢ lie | L in the \ cell wall have demonstrated

methods and an additional

are.in fact susceptible to the azole
antifungal agents. Differ vi :.--,‘- sp 1 iic-and mortality-specific fluorescent dyes

have been with flow cytome i s etection of antifungal susceptibility.
Flow cytometric sxﬁe g has goo clation with the NCCLS M27
method. 7
7
5.Disk dlffusmn
The a WW? used for antibacterial
testing have ﬂ m:’{led to ant1fungal susceptibility testmg, but they require

B g ES 1) (0 115 o

diffusmn method for testing antifungal agents may give results comparable to those of
the M27 method. Disk diffusion may provide a screen for susceptible and resistant

isolates, but resistant isolates must be confirmed by MIC testing.
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6. Etest

The Etest MIC is read after a 48 hours incubation period as the drug
concentration at which the border of the elliptical zone of inhibition intercepts the
scale in the antifungal-impregnated plastic strip. The agreement between the Etest ant
the NCCLS M27-A2 method varies with different combination of fungal species and
antifungal agent. This antimicrobial gradient embedded strip technology is approved

in US to determine bacterial MIC and' although approved in Europe, Etest for

antifungal agents is not approved curren iical use in the United States. The

Etest and NCCLS microdilution it ethds hﬂompared extensively and shown

Resistance pheno 1o, polyene, ant i fics, such as amphotericin B and
nystatin, is rare , altho than 30 gea nical use . And the resistance

isolates being confine on species of Candida such as

C.lusitaniae , C. glabrata ._(7) and there are reported in

Trichosporon beigethi' ., Pseud: ; : ;:::;::',_P' rmatiaceaus fungi .The
— W

resistance strains o ggested  that development of

resistance occurs by mection of naturally occurring re istance cells,present in small

numbers in the popula ﬁ r;gw gﬁnnirpj ﬂdﬁe modified sterols that
bind nystatm uﬂ ?]

Ghanno and Rice concluded the study mechanisms of résistance to polyene
fOHOWQ wwgﬂlﬁlwp%%’}g m&’o’]@ ﬂ-l of antifungal
agent (i)l exposing the cells to a gradient concentration or (iii) creating mutants by
one-step mutation with mutagenic agent (32). Hamilton-Miller proposed a
biochemical hypothesis that resistance arises due to changes in the sterol content of
the cells, sterol content should bind smaller amounts of polyene than do susceptible
cells.The deletion of binding of polyene in C.albicans mutants could be attributed to

(1) a decreas in the total ergosterol content of the cell (ii) replacement of some or all of
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the polyene-binding sterols by ones which bind polyene less well (iii) reoriontation,or
masking , of existing ergosterol (53, 54).

The study about 27-polyene-resistant C.albicans isolates obtained from
neutropenic pateints showed that these strain had a 74 to 85 % decrease in their
ergosterol content.Thus, decreased ergosterol content may lead to decreaseed

susceptible to polyene (55).

Because the polyene act i N rol of fungi. The of cell cycle to the

efficiency of drug was studied b ' lyene susceptibility of exponentail
and stationary-phase. The-iesult-show thaw phase cells were more resistant

nsed to the fact that in the
cell wall constituents occurs at

than exponential-pha
exponentail-phase ce

a high rate, resultin s to the cell membrane. In

W3

contrast,stationary phae Decte \ eak down and synthesis cell

The analysis of oo ion in seyeral clinical isolates of C.albicans
may be defective in ERG2 EX ‘-; £ ately, the stability of these mutations or

the molecular defects that cau Ac azoleresistance have not been described for any

Py
i
7& &\

polyene-resistance mutatic

S — Y

2 Flucytosnﬁ
Ten percent o C albzcans clinical 1solates are intrinsically resistant and that

0%w1lldeﬁgmw ?ﬂ g]’]ﬂ‘j
Prim tafice to is usu ¢ result of a defect in cytosine
deami

ﬁnﬁﬁﬁ'{m tj m:zﬂsawjyﬁmﬂo a decrease in

the actmty of the uracil phosphoriye transferase (UPRTase) which is involved in the
synthesis of FUMP and F dUMP(32).
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3. Azole resistance

There are many different types of mechanism are known to contribute to azole

— resistance as shown in Figure 6.

Figure 6. The azole resistant mechanisms (6)

Mg oMux ranspotors
el = =EEEE B ©
ATPOINdIrg u:." ] Azolebaund Mutatad actrs

(ABC)¥ansporior  Yansporir nw'“' m ‘13#9;&‘3.’?.‘:‘ .



22

1. Alteration in the sterol biosynthesis pathway

Inhiobition of 14 demethylase by flucoanzole not only result in ergosteol
depletion but also in the accumulation of the methylated sterol 14 o-methylergosta-
8,24(8)-dien-3,6a-diol, which inhibit cell growth. Alteration in the sterol biosynthesi
apthway that avoid the accumulation of this growth inhibiting ergosterol in the
presence of flucoanzole can cause fluc pazole resistant. Inactivation of ERG3 gene ,

the enzyme that act at an an 14 demethylase in the ergosterol

biosynthesis pathway, re composition of the membrane and

J

flucoanzole resistanw %f l14a-methylfecosterol, which

aloow growth. Recent

fluconazole resist

2.Alterred az enzyme CYP 5141 (14a-
demethyloase)

The predominant tar ole drug is lanosterol demethylase.
The gene encoding['ﬁis: enzyme is de | ER all fungal species. It is

involved in an i portar _osterol by demethylase of

lanosterol molecule E positio; e one-ﬂxportant mechanism is point

mutation in the codingy ergion of this enzyme. There are many reports shown the

association offuatich bf thikde it azb ¥ Hbafelander |

Marichl and co-worker reeorted a poin'tnmutation in ERGII was identified

from av . Iﬂq;ﬂﬁ 0 ﬁ'%ﬂ CJ}%H f}ﬁtﬂ In these seven
isolates,ql ifferent amino acmstitutions were identified, of which six have not
been described previously this report including A149V  DI158E E165Y S279F
V452A  and G465S and 16 silent mutations were found. For 12 nucleotides that
DI16E, K128T, A149V, Y32H, GA450E, R467K and S405R demonstrated that they
were important for anazole resistant (58). The other reported study in another
fluconazole — resistant isolated of C albicans, DUMC136. They found that 12

nucleotide substitution in CYPS5/ gene, resulting in 4 amino acid changes, were
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identified in comparision with a sequence from wild type (T315C, T348A, A357G,
A883C, T394C, C411T T433C, C658T, A1020G, C1110T, A1440G and T1470C
(59).

Stronger evidence for mutation in the ERG/] gene conferring fluconazole
resistantce provided by comparing the sequence of the ERG11 allels of match pairs of
fluconazole-susceptible and resistant 1solated obtained at different infection episode
from the same patients. An R467K t j as detected in both EGR]1 allels of a

ed with matched isolates from the

fluconazole resistant C. albiga
same patient with highe

A successful appro rate the 'vo’ vement of ERG/] mutation in
flucoanzole resistantce hz ' og DDk Rgire ion of different ERG/1 allels
in §. cerevisiae and R 7 ains to fluconazole Kakeya

and co-wokers study gton strain of C. albicans by

S.cerevisiae expression system ((

The nucleotide s.,pbstitution that cause amino acid change and contributed

azole resistan Qﬂfj‘on atom in the heme
cofactor such ﬂ;ﬁsﬁm genera the active sit ﬂthls enzyme represents a pocket
positi (- ﬁ the active site
throug@ﬁaﬁp ﬁﬁ fj ﬁ :ﬂ:ﬁ:lo YL‘EI“I @l El helix of the

apoprotein. Mutation in the active site pocket, in the channel, and/or in the mobile
helix would be predicted to affect the function of the enzyme. (32, 58).

Although, there are many reported the nucleotide substitution can contributed
the azole resistance. Cowen and colleages reported no ERG substitutions were

detected in the result from experimental strain C.albicans. So the resistance

mechanism may result from the multiple resistant mechanism.
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3.Decreased accumulation of Drug and expression of efflux pump.

An inportant mechanism of fluconazole resistance is reduced intracellular
aaccumulation of the drug. Inrecent years, it became evidence that fluconazole is
actively transport out of the cells in an energy-dependent manner and r\that enhanced

drug efflux is caused by overexpression of gene encoding membarne transport protein

Hes /ﬂux pumps that are known to contribute
@d major facilitator (CMF)
.

(63). Eukaryotic cells contain two |

to drug resistance:
ATP binding

transportor. \
The ABCT are ¢ prote; ,,., Ins : two membrane — spanning
domain (MSD) eac i EisiX \ cmbrane spanning segments

3 _ D of ABCT bind ATP through
an ABC that consists seved peptide motifs (12). The ATP that is bound

transporters have been identi 55
found in both Candrria and Cryptococe
fluconazole and ot 7

The MF com@é nﬁnbrane segments and use the

proton motive force at éhe membrane 4 adlent of H+ across the membrane as a
source of ene Wtﬁuqm substrate molucule are
pumed out (ﬂﬁn ?drug emotems associated w1th the transport of
struct ﬁd tance to toxic
compcﬂﬁi&iﬁmm ﬂmﬂ[ 1ated with drug

resistance in Candida is BEN' (CaMDR1) which is implicated in resistance to several

igh is involve in resistance to

drugs, including benomyl, methotrexate and fluconazole. (12).

13 efflux pumps have been described in C. albicans. These genes are named
CDR and have been linked to azole drug resistance. The study to monitered CDR]
mRNA levels in azole resistant clinical isolated of C. albicans, when the C. albicans
isolated failed to accumulate 3H — labelled fluconazole. The result show fluconazole

resistant clinical C.albicans isolates exhibited up to a 10 — fold relative increase in
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mRNA level for a ABC transporter, CDRI gene. In an azole — resistant C. albicans
isolates not overexpressing CDRI, the Ben was massively overexpressed (1). In
unrelated study, C.albicans FR2 the isolated growth enrichment in fluconazole —
containing medium, shown reduced rate of fluconazole accumulation compared with
wild type and elevated amounts (2 to 17 fold) of mRNA encoding CDR/ and BEN "
(64). In a third study, five Candida albicans isolates from recurrent episodes of
infection which become gradually résistant’ lluconazole during treatment. The mRNA
) ive high expression of the ERG 11

gene correlated with a stepwise-dex / : : ole resistance (4).

White examined the«€Xptessi several genes, in 17 isolates including

ERG16 signal increased afd the end 8 serie.and increase in mRNA levels of
ERG 16 and CDR Iff ted fyith increase resistance to ketoconazole and

itraconazole (65).

It is believed that gene upregulation might be caused

by alterations in trans (thosc jek cription factors). Using the Renilla
b Y N,

luciferase reporter ﬁtcm fused 16 CDRI anc ' moters cloned from azole-

enhanced in an az e genes are constitutively

upregulated. Until now only the CDRI and CDR?2 promoters have been dissected

systematica 7]021&?1@?}1& on drug-responsive
element (Dliﬁ ;ﬂn promoters could be expenment;?;m delimited with the
conse m ﬁ i equivalent in
eukarﬂﬁoﬁiﬁgﬁﬁ m}:ﬁv&i mﬂﬁ‘l DRZ transient

upregulation by drugs and for constitutive up regulation in an azole-resistant isolate.
However, the detailed pathway resulting in CDR gene upregulation and the identity of
proteins binding to the DRE have still to be determined (66).

4. expression of the ERGI1 gene
C. albicans upregulates the ERGII gene, presumably as a feedback

mechanisms to make up for ergosterol depletion (67). Frank and co-workers reported
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that even in the absence flucoanzole some fluconazole resisatnt isolates express
ERGI11 mRNA at higher level than macthed set susceptible isolates in the presence of
drug (68). ERGI1 overexpression has been found in many other fluconazole resistant
C. albicans . Enhanced gene expression is expected to result in higher exzyme level
so need for higher intracellular fluconazole concentrations to inhibit enzyme activity.

Lamb and co-workers reported the experiment of overexpression of ERG/1 from

f/?:t
e in clinical C. albicans strains

ems to be associated with a high

ant to fluconazole in S. cerevisiae as

C. albicans conferred a ﬁve-fol ,
compared to transformants carryi -. rol. Therefore, constitutive ERG]/
overexpression may conisibe
(14).

The combination

level of azole resis by several distinct single or

multidrug transporte . dif _families, provide much flexibility in the
combination of resis ishENo ep demiology of azole resistance
performed mainly with onstrated that the diversity of
resistance mechanism co gh for them to be only very few
azole-resistant isolated with ide of ERGI] mutations and profiles of
multldrug transpon:sr genes" giﬁésﬁo , ative: frequency of resistance

S01dtes has been investigated in
only a few studies. Tarea e al. s 85 perdent of azole-resistant isolated

upregulated multidrug Jransporter genes and that 65 percent contained ERGII
mutations 11 azole-resistant isolates
showed combi Trgstlﬁ:nce mecg?J 1sms? ﬁﬁhovﬂ the isolates from 18 HIV
patie ti i g tained ERGI1]
mutatlg‘ maﬁﬁimﬁﬁﬁl I]em ﬂ: binations of

re51stance mechanisms (10, 15).

Another interesting alternative for developing azole resistance has recently
been described. It uses the ability of fungal pathogens to build biofilms on synthetic
or natural surfaces (69). Biofilms are organized as a dense network of diffentiated
cells onto which a layer of extracellular matrix can form. Biofilms can constitute a
physical barrier for the efficient penetration of antifungals, which could explain that

cells embedded in these structures can become recalcitrant to their action.
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Measurement of drug susceptibilities in biofilms of C. albicans yielded high MIC
values for azoles and amphotericin B as compared to planktonic cells (70, 71). In C.
albicans, the expression of genes involved in azole resistance (multidrug transporter
genes) can also be altered in biofilms and may contribute to the relatively high azole
resistance measured in the cell population of these dense structures (72).

The antifungal mechanisms and resistant mechanisms are summarizing in the

table below. \\\ ,///
Table 2. Antifungal apﬁ incipal modes of action and
t 1;'5.

resistance mecha of fung

Antifungal agents: activitics against principal = mechanisms of fungal pathogens,
v Mactanesm of resstance
Anmungal Spectrum/comments / . U-TR 8 floda o ob=erved In cinkcal Isolates
Polyenas i y
Amphatercin B Braad actmty aqainst Candia spe fencept . st 8 1 Byndir Alteration In speciic steps of
Cryptococcus necfoonans and flamanio . ; petat erqostami biasynthasts
Aspamgtilrs spp, A faraus and A - : ~
Pynmidines analoguas
S.uarccyosing Active aqainst Candich spp and Cnptomceis spo ’ Imparment of nudeic acd  Deasased uptaim of 5-FC;
(5-FC) rapid emnrgmcnnfmu'm can uppnmS-F LR esk byfarmation  dagreesed farmation of taxic
monotherapy ‘ antimatnbolbes.
Azoles T ;
Fluconarmoke Actve aganst Canddda spp CJv' cytochrama Enhanced affux by
agannst C. glabmia and na ty against C. mm no aciwiy Pdﬂ) uprequiation of multrug

agarnsd Aamantous LNgl demettylasa transporier ganas.

lIiracomazala Lia Nucomazde, but aphanced afy aimst Ilhmnnu:uMq Target abarations by
Vonconazole  Lie Nucorazda, b l u occurmence of mutatons
Incuding Alteration of spechic staps

Posacomzde Cwqmmm‘p ole, but In the ergasterol
blasyrthetic pathway
= i ﬂ mmm
Terbinanna Actve nq illw ’] ’J\il E.Lm E] Unknown
epaddaza
Maopholines
Amoronna Acive nganst most dermatophybas, poor actkily acpinst Inhbtion of stami Uninown
Candddn =spp A" reductass and A
Isamenasa

Echinocandins
Caspofungn  Actve aganst Canan spp with fungicidal actMly, moderabaly  Inhbtion of e celiwall  Unknown

active aganst Aspagiilrs spp, poor activity against synthests anzyma 13
C. neofurmans glucan syrnthasa



	Chapter III Review Literature

