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Prevention and treatment strategies targeting a-hemolysin (Hla)
of Staphylococcus aureus
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Sciences, Beijing, China
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Abstract: The emergence of superbugs with both high pathogenicity and high antimicrobial
resistance poses a major challenge to public health. In Staphylococcus aureus, a-hemolysin (HIa) is
a key virulence factor mediating infection and thus represents a crucial target for prevention and
control. This review first summarized the structural characteristics of Hla in its monomeric
crystalline form and heptameric pore assembly. It then systematically delineated the multi-layered
and fine-tuned regulation of Hla expression, involving the 4la gene locus, the Agr quorum-sensing
system, the Sar protein family, the Staphylococcal accessory element regulator (SaeRS)
two-component system, and other auxiliary regulators. The pathogenic mechanisms of Hla were
further elaborated from the perspectives of both cellular effects and host receptors. Finally, this
review summarized recent advances in prevention and treatment strategies targeting Hla, including
vaccines, monoclonal antibodies, natural compounds, and nanoparticles, offering new insights and
candidate approaches for the precise prevention of drug-resistant S. aureus infections.

Keywords: Staphylococcus aureus; a-hemolysin (Hla); mechanism of pathogenesis; prevention
and treatment
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Figure 1

Structure of Staphylococcus aureus o-hemolysin (Hla) (https://doi.org/10.2210/pdb7AHL/pdb). A:

Monomer; B: Heptamer side view; C: Heptamer top view.
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Figure 3 Role of a-hemolysin in Staphylococcus aureus infection!””).
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Table 1 Vaccines against Staphylococcus aureus infection

Vaccine Antigenic targets Indications Phase Companies NCT/References
StaphVax CP5-rEPA+ Patients with advanced chronic kidney I Nabi NCT00211913
CP8-rEPA disease undergoing hemodialysis, NCTO0007121
infections following cardiovascular NCT00211900
surgery, orthopedic prosthetic implants, NCT00130260
and healthy volunteers NCT00211965
NCTO00211926
NCT00211991
V710 IsdB Patients undergoing surgical procedures,  III Merck NCT00518687
renal disease requiring hemodialysis
NDV-3 Als3 Skin and soft tissue infections (SSTIs) 11 NovaDigm NCT03455309
SA3Ag CPS5, CP8, CIfA SSTIs I Pfizer NCTO01018641
SA4Ag CP5, CPS, CIfA, Nasopharyngeal and cutaneous infections; 11 Pfizer NCT02492958
MntC postoperative spinal infections NCT0238816
NCT01643941
STEBVax SEB Toxic shock syndrome (TSS) I NINID NCT00974935
None Hla, PVL SSTIs II HJF/Nabi NCTO01011335
Brivalent RLukS-PV, rAT Healthy individuals 1T Nabi [76]
SA75 Whole cell vaccine  Recurrent tonsillitis 1 VRIP [77]
GSK2392103A+ CP5, CP8, Hla, CIfA Healthy individuals I GSK NCTO01160172
GSK2392105A+
GSK2392106A+
GSK2392019A
Recombinant five- SEB, IsdB, MntC, Closed fracture surgery II Olymvax  [78]
antigen Staphylococcus  SpA, Hla
aureus vaccine (fFSAV)
PENTASTAPH CP5, CP8, WTA, SSTIs I GSK NCT04420221
(SASAG) PVL, Hla
GSK387858A

CP5/CP8: Capsular polysaccharide; Als3: Candida albicans adhesin; CIfA: Clumping factor A; SEB: Staphylococcal enterotoxin B;

SpA: Surface protein staphylococcal protein A; IsdB: Iron surface determinant B; MntC: Manganese transporter protein C; PVL:

Panton-Valentine leukocidin; RLukS-PV/rAT: Two subunits of Panton-Valentine leukocidin and a-hemolysin multivalent vaccine

antigen; WTA: Wall teichoic acid; HJF: Henry M. Jackson Foundation for the Advancement of Military Medicine.

R2 HEERGHAEKEHIa R R ERE

Table 2 Monoclonal antibodies targeting Hla in Staphylococcus aureus

Antibody Antigenic targets Phase Companies
AR-301/Salvecin Hla I Aridis
MEDI4893/AR320 Hla I Medimmune
ASN100 Hla and LukGH II Arsanis

None Hla Primary screening Trinomab Biotech

P4 actamicro@im.ac.cn, 7 010-64807516
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ST B TR R ARG PRI UE B B, A6 &) & 454
il 1 1 B BAR 53 58 55 VR HIPIL A A B A
AN, FRMEI R AAEH T Hla, ] 520
7 S R, RBLH 280 R, AR T L PR
VEFABILT S AR DGR 84T A RRR A I
3.4 Hits

i LRI SRS, A BT IE S A UL 20 i
A3 AR KR (] G iR A ZE A S R4 g 34 2
A BHWT AN 5 2R W ). AL EE R 2 R WY
MBI, TR G 0 e HL ] ke E
BVEH; Bk, PFT 240w B b i e 5] 7
HYEIT 40 05 . 32 1 fL B & (pore-forming toxins,
PFTs) Y AL BEAIBLIRI A )5 &, APt 1
— Tl R Y TR A 98 K I —— Z1 IR BT 1A (red
blood cell membrane-liposome, RM-PL), iffi 12 @
B RARLL Al (red blood cell, RBC) AN T i
WRESEE PFT M8 ; 24N o0 R 21 200 i J R 5 30 e
A2 A B 25 48 vh i R] SR D BE B AR s 2T 40 i
JEEA T RM-PLs fi#5ERE ST, T3 & bR a5
Fe € RM-PLs, K48 FH 21 40 A J5E 0% ik 5 3003
Pl Hla N8 PET JFREAYSERED], RM-PLs A
I BE 2 AIK Hla ZEIRIMXTLL A s, hE
FER A RAR AR A Hla, $REUDN R %52 Hla 7
SR R R AR 2 0 %
R, LS ARA Y ) B A B 2R OE E A
YK TR H FEIR - B 3R 2 5 W) (glyeyrrhizie acid-
quercetin complex, GAQ), #% il B X} 4> 1% (4 %) %
BRI R Z R 7 Hla 2230 0 @ AP0 LG
PE2L HRRT DL, GORIAYT S e B R 1
I T
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®"3 2019-2025F KA U AW HIaHIH LS
Table 3 Summary of natural compound Hla inhibitors from 2019 to 2025

Compounds Sources Structure Mechanism References
Norwogonin Scutellaria baicalensis Targeting AgrA to inhibit Hla  [20]
production

o

Cinnamaldehyde Cinnamon essential oil & Acting as a B-lactam adjuvant, [96]
targeting SarA to suppress Hla
e via downregulation of mecA4
Citral Litsea cubeba essential i Interfering with the quorum [97]
oil ° AN AN sensing (QS) system to inhibit
| Hla expression
Schisandrone Lignans i 1 Inhibiting Hla expression [98]
(T
| o.
~
Isosakuranetin Bergamot "R Inhibiting the transcription [99]
Ho o ©/ and expression of Hla via
\;:;‘j regulation of upstream RNAIIL
Ampelopsin Ampelopsis i Unclear [100]
grossedentata @iw
Flavone Edible plants C & | Unclear [101]
Echinatin Licorice o o Suppressing the Agr system, [102]
thereby inhibiting Hla
expression
o O\
Bavachin Psoralea corylifolia Inhibiting Hla expression [103]
7,8-dihydroxyflavone Various foods Inhibiting Hla expression [104]

(Frge)
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Compounds Sources Structure Mechanism References
Hispidulin Onopordum acanthium Q o Targeting the AgrAC system  [105]
48
\O
10-hydroxy-2-decenoic ~ Royal jelly “°\[NWOH Unclear [106]
acid (10-HDA) °
Kaempferol Various plants °“ Inhibiting Hla expression [107]
(L]
2,3-dehydrokievitone Lupine root Inhibiting Hla expression [108]
sl
Andrographis paniculata Labdane diterpenoids Downregulating the [109]
lactone isolated from the stems transcription of the Hla gene
and leaves of and its highly associated genes
Andrographis (clf4 and fnbA) to inhibit Hla
paniculata expression
Luteolin Various plants and il Downregulating the hla gene  [110]
foods O . to inhibit Hla expression
(1)
Naringenin Oak tree o Targeting AgrB to inhibit Hla  [38]
HD\Q%;}N secretion
Fisetin Rhus succedanea o Targeting AgrB to inhibit Hla  [38]
Ho o O secretion
“
o
6-ES Bocconia frutescens Unclear [111]
BiochaninA Red clover, cabbage, . ° Inhibiting Hla expression [112]
and alfalfa
OH o O O/
Epigallocatechin gallate ~ Green tea - f Inhibiting Hla expression and  [113]
:é\( heptamer pore formation
(firsk)
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Compounds Sources Structure Mechanism References
Lycopene Tomato MMNW Inhibiting Hla expression [114]
Myricetin Vegetables and fruits it Inhibiting Hla expression [115]
Pilocarpine Peganum harmala seeds / & Inhibiting Hla expression [116]
T
o
e}

Piperine Black pepper i Inhibiting Hla expression [117]

YYD
Scutellarin Herbal medicines o O o Targeting caseinolytic [118]

" © o protease P (ClpP) to inhibit

BOSSS

Ho/é\o OH o
Emodin Polygonum cuspidatum i Unclear [119]
Brazilin Dried heartwood of o Targeting SaeR to inhibit Hla  [21]
Caesalpinia sappan o

Powg

Isoliquiritigenin Licorice °” Inhibiting Hla expression [120]
(1

4 RES5EZ

G ¥R (0 A 4G Bk TR S LT FR 4R T B TR B
(MRSA)HH m okt 5 25tE, C ekt
A R 2 5 18 B A O BRI . T 245 7k 45 B0 1 2%
PIFHOG, TR MR SR RE i PRl & 2k
MRSA 55 1iif 24 5 Je P 75 R A5 i 245 5 DR g [ B
WE A mRAT T PUAEREREES
W2 Agr 45 42 JR) R 468 I 28 52 i 25 ) R PR 3%
ko PG, #m Hla R4TEE 1 5R WS AT 7ERD I 20w
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P A [R) IS RILBE A% SE % iR 25 W) I e 6 TR T, R g
X vt 24 5 B0 9 XU Bk f AR R 10 TS
FIAT Hla 7ES5ARAT . SOOI AR BT 12i6
J7 RS I A S5 05 B U W R . SR, &
Xt Hla BITRABTTE 5077 R AT I i 2 AL
WP H5E, Tt ] Hla 785 i@
A 5 AR RE 7 I T AR R R E I ALE], LA
Je FCEj 1 A R G HAERORS A £ R 4 . I
U, BRI R R 240 Tl R AT DR B B,
RA L BRI 2B 7= 5 1k PR L (9 A 3 259
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RAMFFENL T TR L5 A= W22 T B Hla
SMEIHE G Y = e g, 8GR
it JPRECGITIE, RPE R SR
WEFH L A6 T8 B 4t 0[] e e RO FR P, SEE PR
FISERHIRTrAROR s IR T AR EOR AT L)
BBIR ARG, PR EIRYT 5% 09 A YA R A AL
PRI SQTETE B ik, R e X
Hla 51075 f4 10 25 168 B D 2 U B A5 o AR R
HRMEON T & W 0 ERE DURE S RIS,
CL7E Hla A0HIFRITRE . AR FIBLHIARAT LA S Ao
AW ETT BRI B, RSBt — 20 5
% Hla 515 B2 EARROCHEA T, JTRIE T4
RS HEL et , FRR S BA T AR T
[FVRYT 5. 2z, UL Hla FHE s 0PEE ik
77, VEREGSUAERITIERA Tehse, AEA
O X i 24 1 < v ] g R T U g £ 1 O 1
CiBs S Dalib) 27y

& STk = FH

NS ASTERIRWIRRS | AN B
T RMEE X S5O B e 2RE
¥ BWIERZSH TORMENE RS TR LR
WP OB R BRI TR, W
L, SR BNZEU AR Ll WA R

{E& Pz A FF AR

VEE P WA AEAT AT n] RESSEMAAS STl i T AR
1D TRVEI 2y IE T N S
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