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13 million people affected by fungal infections 

1.5 million deaths every year

>90% caused by Candida spp., Cryptococcus spp. Aspergillus spp.

ALARMING NUMBERS

Candidemia alone represents 60% of total fungal infections

According to CDC, C. auris is the 1st most urgent threats

>90% are resistant to azoles

>30% are resistant to 2 antifungal classes

3-5% to all antifungals 

www.cdc.gov 
www.gaffi.org 

Just 3 major classes of antifungal drugs

http://www.cdc.gov/
http://www.gaffi.org/


THE BIRTH OF ANTIBODIES
ANTI-β-1,3-GLUCANS

IgG2b 2G8 

• is specific for β-1,3-Glucans  

• performed always better than 

IgM 1E12

• conferred protection against 

mucosal and systemic 

candidiasis

IgG2b 

2G8

IgM

1E12
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N. Gow et al. 2017

Humanization 
processes

Full-length 
antibody

Dia-T51

Single-chain 
fragment 
variable 

scFv-3T



Dia-T51
Dia-T51 binding in vitro

C. auris C. albicans hyphal form C. albicans yeast form C. glabrata A. fumigatus conidia F. solani conidia

Dia-T51

IC50 

(μg/ml)

6 months

 4°C

12 months 

4°C

18 months 

-80°C

0.10

(KD 

3.37x10-9)

0.10 0.09

IC50 (μg/ml) AUC KD

Dia-T51 0.06 0.85 3.59x10-9

2G8 0.12 0.77 1.9x10-9

Murine-humanized mAb 2G8 comparison 

Stability

Melting point: 82.1°C
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Dia-T51 Dia-T51 effect alone - C. auris

C. auris growth inhibition C. auris adhesion inhibition

74.2%   71.8%   60.5%
51.1%

HeLa cells

37.4%

Hacat cells



Dia-T51 Dia-T51 effect alone - C. auris

Red population: THP-1 (human macrophages)             

Green population: C. auris

Not-opsonized C. auris

Opsonized C. auris 

(2.5 μg/ml Dia-T51)

Opsonized C. auris 

(25 μg/ml Dia-T51)

Engulfing 

macrophages (%)

Residual 

Candida/Macrophages

Phagocytosis 

rate (%)

Not-opsonized C. auris 84.5 3.79 37.0

Opsonized C. auris (2.5 μg/ml Dia-T51) 85.8 2.44 46.5

Opsonized C. auris (25 μg/ml Dia-T51) 87.0 2.33 65.6

Fold of decrease of residual C. auris

Lysosome activity

% phagocyting macrophages
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Red population: not-engulfing macrophages

Blue population: engulfing macrophages

Green population: residual C. auris

THP-1 cell line Human monocytes-derived macrophages



Atomic force 
microscopy

P
B

S
hmAb H5K1

F
lu

c
o

n
a

zo
le

A
m

p
h

o
te

ri
ci

n
 B

C
a

s
p

o
fu

n
g

in
PBS hmAb H5K1PBS

• Perturbation in the 

topographic and sub-

topographic domains

• Higher frequency of 

vertical alterations

• Substantial difference in 

the chemical distribution

• Softening and weakening 

of the whole cell



Dia-T51
Dia-T51 - effect in combination - C. auris



o Is it synergic at lower concentrations?

o Is it efficient with resistant strains?

o Is it effective with other Candida spp.?
4 clinical isolates 

of C. glabrata



Dia-T51 effect in combination - C. auris

Minimum Inhibitory Concentration 
(inhibition of fungal growth  ≥90%) 

24h 48h

AMB 0.25 μg/ml 1 μg/ml 

Dia-T51+AMB 0.78+0.063 μg/ml 0.78+0.125 μg/ml 

Minimum Fungicidal Concentration 
(reduction of initial inoculum viability ≥99.9%) 

AMB Dia-T51+AMB

1 μg/ml 3.13+0.125 μg/ml
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Dia-T51
Dia-T51 effect in combination - C. glabrata

Synergy in Checkerboard Synergy in time-kill curves

C. glabrata strains Characteristics
Dia-T51 / AMB 

(μg/ml)
FICI

∆log most active compound vs combination ≥ 2 

Dia-T51 / AMB  (μg/ml)

406486 Biofilm hyperproducer 0.78 / 0.125 0.252 6.25/0.25

391216 Common clinical isolate 1.56 / 0.25 0.254 6.25/0.5

85.40 Mutation in FKS gene 12.5 / 0.125 0.281 50/0.25

1324Y Mutation in FKS gene 3.13 / 0.125 0.258 12.5/0.25

85.40391216406486 SSI 1324Y



Dia-T51

Control                                                 Treated 

406486

391216

85.40

1324Y

Dia-T51 effect in combination - C. glabrata

Anti-biofilm activity

406486                                      391216                                        85.40                              1324Y

Control

Dia-T51 [6.25 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [6.25/0.25 μg/ml]

Control

Dia-T51 [6.25 μg/ml] 

AMB [0.5 μg/ml]

Dia-T51/AMB [6.25/0.5 μg/ml]

Control

Dia-T51 [12.5 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [12.5/0.25 μg/ml]

Control

Dia-T51 [50 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [50/0.25 μg/ml]



scFv-3T ScFv-3T

Time: 3 months

Temperatures IC50 µg/ml

4°C 0.74

-20°C 0.44

-80°C 0.33



scFv-3T ScFv-3T alone and in combination
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rm scFv-3T µg/ml 0 0.25 2.5 25

24h MIC AMB µg/ml 0.25 0.25 0.125 0.0625

48h MIC AMB µg/ml 0.5 0.5 0.25 0.125

scFv-3T µg/ml 0 0.25 2.5 25

24h MIC CAS µg/ml 0.125 0.125 0.125 0.03125

48h MIC CAS µg/ml 0.25 0.25 0.125 0.0625

scFv-3T + Caspofungin

scFv-3T

scFv-3T

scFv-3T

scFv-3T

scFv-3T

scFv-3T

scFv-3T + Amphotericin B

scFv-3T

scFv-3T

scFv-3T

scFv-3T

scFv-3T

scFv-3T
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• scFv-3T was produced as pure compound with a yield of 
~40 mg from 1L of bacterial culture.

• It has revealed good stability for long time and at 
different temperatures. 

CONCLUSIONS 
&

FUTURE 
PERSPECTIVES 

• Dia-T51 and scFv-3T are the humanized monoclonal 
antibodies based on the murine mAb 2G8.

• Both antibodies have been widely characterized in vitro.

• They bind efficently β-1,3-glucans on different fungal 
species and demonstrated their greatest potential in 

combination with amphotericin B and echinocandins in 
different Candida spp., including resistant strains.

Deepen some aspects 

Explore the intracellular pathways 

Investigate the relationship with 

the host immune system
scFv-3T must be further explored but has 
already demonstrated promising results.

Focus on in vivo studies

Create targeted delivery systems

Dia-T51 could be a new leading biological drug 
against pathogenic fungi. We are optimistic in its 

advancement to clinical phases. 





Targeted delivery systems: HOW?

Sample Z-Average (nm) PdI
Ub Monomer 1233.8 0.79

Ub Dimer 93.1 0.19
Ub Trimer 231.2 0.36
hscFv-3T

(Ub Dimer + humanized scFv)
179.4 0.22

Z-Average: accepted diameter < 200 nm
PdI: accepted value < 0.25

Loading of AMB in scFv-3T nanoparticles



The DARC side of the MOON

DARC protein
(Duffy antigen/chemokine receptor)

Extracellular

Intracellular

TAT penetrating peptide
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o Improves protein expression

o Helps the correct folding

o Increases solubility and stability

o Protects from proteolytic degradation

o Not immunogenic

o Polymerizes 
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1 - Soluble fraction charged in Q Sepharose FF

2 - Negative passage in Q Sepharose

3 - Positive passage in Ni+2 Sepharose HP

~40 mg from 1L
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Stability test



scFv-3T



scFv-3T



scFv-3T



scFv-3T



scFv-3T

Anion exchange column



scFv-3T



scFv-3T



scFv-3T

C. auris C. albicans hyphal form C. albicans yeast form



Dia-T51 binding in vitro

C. auris C. albicans hyphal form C. albicans yeast form C. glabrata A. fumigatus conidia F. solani conidia

Dia-T51

IC50 

(μg/ml)

6 months

 4°C

12 months 

4°C

18 months 

-80°C

0.10 0.10 0.09

IC50 (μg/ml) AUC Kd

Dia-T51 0.06 0.85 4x10-10

2G8 0.12 0.77 1.9x10-9

Murine-humanized mAb 2G8 comparison 

Stability

Melting point: 82.1°C



Dia-T51 effect alone

C. auris growth inhibition C. auris adhesion inhibition

74.2%   71.8%   60.5%
51.1%

HeLa cells

37.4%

Hacat cells



Dia-T51 - phagocytosis

Red population: THP-1 (human macrophages)             

Green population: C. auris

Not-opsonized C. auris

Opsonized C. auris 

(2.5 μg/ml Dia-T51)

Opsonized C. auris 

(25 μg/ml Dia-T51)

Engulfing 

macrophages (%)

Residual 

Candida/Macrophages

Phagocytosis 

rate (%)

Not-opsonized C. auris 84.5 3.79 37.0

Opsonized C. auris (2.5 μg/ml Dia-T51) 85.8 2.44 46.5

Opsonized C. auris (25 μg/ml Dia-T51) 87.0 2.33 65.6

Fold of decrease of residual C. auris

Lysosome activity

% phagocyting macrophages
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Red population: not-engulfing macrophages

Blue population: engulfing macrophages

Green population: residual C. auris

THP-1 cell line Human monocytes-derived macrophages



Antifungal drugs

• AZOLES – inhibition of  lanosterol 14α-demethylase and 

the subsequent conversion of lanosterol into ergosterol

• ECHINOCANDINS – inhibition of β-1,3-glucan synthase 

and block of the β-1,3-glucan synthesis

• POLYENES – binding to ergosterol and formation of 

pores in the cell membrane

FLUCONAZOLE

CASPOFUNGIN

AMPHOTERICIN B
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• Perturbation in the topographic 

and sub-topographic domains

• Higher frequency of vertical 

alterations

• Substantial difference in the 

chemical distribution

• Softening and weakening of the 

whole cell

Dia-T51



Dia-T51 effect in combination - C. auris

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC AMB µg/ml 0.5 0.5 0.25 0.125 0.125

48h MIC AMB µg/ml 1 1 1 0.25 0.25

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC CAS µg/ml 0.0625 0.0625 0.0625 0.0625 0.0625

48h MIC CAS µg/ml 0.25 0.125 0.125 0.125 0.125

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC FLU µg/ml 2 2 2 2 2

48h MIC FLU µg/ml 4 4 4 4 2

Dia-T51 + Fluconazole Dia-T51 + Caspofungin Dia-T51 + Amphotericin B

2
4

h
4
8

h



Dia-T51 effect in combination - C. auris

Fungicidal activity 0 h 2 h 4 h 6 h 8 h 24 h 48 h

AMB 4 µg/ml 0.06 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 4 µg+250 µg/ml Dia-T51 0.08 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 2 µg/ml 0.05 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 2 µg+250 µg/ml Dia-T51 0.10 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 1 µg/ml 0.05 1.77 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 1 µg+250 µg/ml Dia-T51 0.05 2.16 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 0.5 µg/ml 0.05 0.21 0.41 0.86 1.95 ≥3Log ≥3Log

AMB 0.5 µg+250 µg/ml Dia-T51 0.09 0.22 0.78 ≥3Log ≥3Log ≥3Log ≥3Log

AMB 0.25 µg/ml 0.07 0.10 0.02 -0.02 0.02 0.19 -2.13

AMB 0.25 µg+250 µg/ml Dia-T51 0.11 0.13 0.25 1.88 1.95 ≥3Log 2.66

AMB 0.125 µg/ml 0.01 0.11 -0.07 -0.42 -.080 -2.28 -2.44

AMB 0.125 µg+250 µg/ml Dia-T51 0.09 0.20 0.21 1.31 1.42 2.88 0.91

AMB 0.0625 µg/ml 0 0.07 -0.14 -0.59 -0.97 -2.59 -2.57

AMB 0.0625 µg+250 µg/ml Dia-T51 0.09 0.15 0.09 0.46 0.84 1.45 -2.17

AMB 0.03125 µg/ml 0.01 0.05 -0.19 -0.62 -1.04 -2.65 -2.85

AMB 0.03125 µg+250 µg/ml Dia-T51 0.07 0.13 0.01 0.03 -0.18 -1.14 -2.26

Caspofungin + 250 μg/ml Dia-T51Caspofungin

Amphotericin B Amphotericin B + 250 μg/ml Dia-T51

Fungistatic activity 24 h 48 h

CAS 0.25 µg/ml -1.11 -1.71

CAS 0.25 µg/ml + 250 µg/ml Dia-T51 -0.02 -0.46

CAS 0.125 µg/ml -1.88 -2.10

CAS 0.125 µg/ml + 250 µg/ml Dia-T51 -0.87 -1.51

CAS and Dia-T51 are 

synergic per 

definition

AMB concentrations
∆log: AMB – AMB + 250 µg/ml Dia-T51

24 h 48 h

0.25 µg/ml 4.95 4.79

0.125 µg/ml 5.16 3.35

0.0625 µg/ml 4.04 0.4

AMB and Dia-T51 are synergic

∆log with the starting inoculum. 



o Is there synergy with other Candida spp.?

o Is it efficient with resistant strains?

4 clinical isolates 
of C. glabrata



Dia-T51 effect in combination - C. glabrata

Synergy in Checkerboard Synergy in time-kill curves

C. glabrata strains Characteristics
Dia-T51 / AMB 

(μg/ml)
FICI

∆log most active compound vs combination ≥ 2 

Dia-T51 / AMB  (μg/ml)

406486 Biofilm hyperproducer 0.78 / 0.125 0.252 6.25/0.25

391216 Common clinical isolate 1.56 / 0.25 0.254 6.25/0.5

85.40 Mutation in FKS gene 12.5 / 0.125 0.281 50/0.25

1324Y Mutation in FKS gene 3.13 / 0.125 0.258 12.5/0.25

85.40391216406486 SSI 1324Y



Control                                                 Treated 

406486

391216

85.40

1324Y

Anti-biofilm activity

406486                                      391216                                        85.40                              1324Y

Control

Dia-T51 [6.25 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [6.25/0.25 μg/ml]

Control

Dia-T51 [6.25 μg/ml] 

AMB [0.5 μg/ml]

Dia-T51/AMB [6.25/0.5 μg/ml]

Control

Dia-T51 [12.5 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [12.5/0.25 μg/ml]

Control

Dia-T51 [50 μg/ml] 

AMB [0.25 μg/ml]

Dia-T51/AMB [50/0.25 μg/ml]

Dia-T51 effect in combination - C. glabrata



Dia-T51
Dia-T51 effect in combination - C. auris

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC AMB µg/ml 0.5 0.5 0.25 0.125 0.125

48h MIC AMB µg/ml 1 1 1 0.25 0.25

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC CAS µg/ml 0.0625 0.0625 0.0625 0.0625 0.0625

48h MIC CAS µg/ml 0.25 0.125 0.125 0.125 0.125

Dia-T51 µg/ml 0 0.25 2.5 25 250

24h MIC FLU µg/ml 2 2 2 2 2

48h MIC FLU µg/ml 4 4 4 4 2

Dia-T51 + Fluconazole Dia-T51 + Caspofungin Dia-T51 + Amphotericin B

2
4

h
4
8

h



Dia-T51
Dia-T51 effect in combination - C. auris

Fungicidal activity 0 h 2 h 4 h 6 h 8 h 24 h 48 h

AMB 4 µg/ml 0.06 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 4 µg+250 µg/ml Dia-T51 0.08 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 2 µg/ml 0.05 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 2 µg+250 µg/ml Dia-T51 0.10 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 1 µg/ml 0.05 1.77 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 1 µg+250 µg/ml Dia-T51 0.05 2.16 ≥3Log ≥3Log ≥3Log ≥3Log ≥3Log

AMB 0.5 µg/ml 0.05 0.21 0.41 0.86 1.95 ≥3Log ≥3Log

AMB 0.5 µg+250 µg/ml Dia-T51 0.09 0.22 0.78 ≥3Log ≥3Log ≥3Log ≥3Log

AMB 0.25 µg/ml 0.07 0.10 0.02 -0.02 0.02 0.19 -2.13

AMB 0.25 µg+250 µg/ml Dia-T51 0.11 0.13 0.25 1.88 1.95 ≥3Log 2.66

AMB 0.125 µg/ml 0.01 0.11 -0.07 -0.42 -.080 -2.28 -2.44

AMB 0.125 µg+250 µg/ml Dia-T51 0.09 0.20 0.21 1.31 1.42 2.88 0.91

AMB 0.0625 µg/ml 0 0.07 -0.14 -0.59 -0.97 -2.59 -2.57

AMB 0.0625 µg+250 µg/ml Dia-T51 0.09 0.15 0.09 0.46 0.84 1.45 -2.17

AMB 0.03125 µg/ml 0.01 0.05 -0.19 -0.62 -1.04 -2.65 -2.85

AMB 0.03125 µg+250 µg/ml Dia-T51 0.07 0.13 0.01 0.03 -0.18 -1.14 -2.26

Caspofungin + 250 μg/ml Dia-T51Caspofungin

Amphotericin B Amphotericin B + 250 μg/ml Dia-T51

Fungistatic activity 24 h 48 h

CAS 0.25 µg/ml -1.11 -1.71

CAS 0.25 µg/ml + 250 µg/ml Dia-T51 -0.02 -0.46

CAS 0.125 µg/ml -1.88 -2.10

CAS 0.125 µg/ml + 250 µg/ml Dia-T51 -0.87 -1.51

CAS and Dia-T51 

are synergic per 

definition

AMB concentrations
∆log: AMB – AMB + 250 µg/ml Dia-T51

24 h 48 h

0.25 µg/ml 4.95 4.79

0.125 µg/ml 5.16 3.35

0.0625 µg/ml 4.04 0.4

AMB and Dia-T51 are synergic

∆log with the starting inoculum. 
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