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Abstract Summary and Conclusions

Experimental Design

In absence of an effective vaccine, finding effective strategies to treat or reduce | 5> Both hLF and bLE and its derivative LEG-B. signif v limited | q
iratory syncytial virus (RSV) infection is a global public health priority. Lactoferrin @ ‘ ‘ Indicates A Droplets generation B Droplets reinjection ot an and its derivative LFc-B, significantly limited in a dose

rﬁliplr.a . e j mecion s @ good pualic fealt? prio d. ac ) ’0 - ‘ actofert . . o N response manner, the entry of RSV in human and mouse lung primary and

(LF) is an iron-binding glycoprotein broadly distributed within the body fluids an | LF add 3 h after | | | ' actoterrin . _ REREEE cancer cell lines, reducing the infectivity and cytopathic effects related to the

predominantly found in mammalian breast milk. It is a key component of the innate m,wﬂ RSV A2 infection I I I I treatment | . 1 el \J]%CE infection.

immune system with well-known antimicrobial effects. In this study, we aimed to R MOI: 1 —— (A > H E h Hviactic but not a th e offect Lot RSV

evaluate the antiviral and immunomodulatory properties of LF within the context of its Seed 0.5°6 cell Oh 6h 18h 48h 72h Bpic . ?mqn LE as a prophylactic lIJ nﬁ a herapedlc efec agains N
tential applications against RSV. Human and bovine LF as well as the derived eed - ce . infection. protection occurs only when it is ac_lded before or during the

POtel . L : : Cohaspmn: . infection process but not once the cells are already infected.

peptide lactoferricin B markedly inhibited in a dose and time-dependent manner the Cell Line Histology ) 1 BB | meeen | acmm meemooucre | | | |

RSV-A2 strain entry, replication, and cytopathic effects when added before RSV AB4Q Human non-small cell lun ~. e dd8HSREER RS ; S o e » Human LF enhanced the expression of several RSV-induced innate immune

infection or during the virus adsorption step in primary and cancer human and mouse . J s i | . i il | gegetﬁ, mcl;:}dmg the antlvll[ﬁg\élm’ the”p(;omﬂaénmf\tory cytokines IL6 and ILS,

cell lines. A related protein family member transferrin (TF) had no effects. In carcinoma T e ot T | oo and the pathogen sensor In-a cefli-dependent manner.

comparison to the control conditions, cells treated with the LF compounds had H1299  Human non-small cell lung S A B » The antiviral and immunomodulatory effects against RSV are specific for

significantly less RSV infection response based on fluorescence localization of the carcinoma _ ; T Iactqfe:rgé\s/mcfe t?e related family protein transferrin had no significant effect

virus, cytofluorometry, and expression of RSV-F gene measured by ddPCR. MRC5 Human fetal luna fibroblast _ ‘ T N ol T agains Infection

Furthermore, LF treatment before viral infection modulated the RSV-induced immune | ) _ Microscopy RSV GFFP Gene expression — — > We suggest the protective role for lactoferrin against RVS works by: 1)

response at the transcriptional level. Our findings demonstrate that LF has a Wi33 Human fetal lung fibroblast Expression by FACS RT-PCR Gene expression reducing the RSV entry into the cells and 2) modulating the expression of

protective effect in response to RSV, suggesting LF as a strong candidate for an anti- CCL-206 Mouse newborn lung RSV infectivity RSV infectivity Immune targets digital droplet-PCR Immune response genes.

RSV reagent that will be well-tolerated and effective in the prophylaxis against RSV fibroblast RSV gene expression (RSV-F) » Our findings demonstrate that LF has a protective effect in response to RSV,

infection. suggesting LF as a strong candidate for an anti-RSV reagent that will be well-

tolerated and effective in the prophylaxis against RSV infection.
The authors declare that the research was conducted in the absence of any commercial or financial Figure 1. Lactoferrin reduces RSV |nfect|V|ty in human |ung cell lines. Figure 3. Antiviral effect of lactoferrins against RSV in primary human

relationships that could be construed as a potential conflict of interest

and mouse lung cell lines.

RSV only hLF 200 pg/mL + RSV hLF 1000 pg/mL + RSV
: MRC5 cells Normal Lung fibroblasts . .
f . . f . . SV oni e 200 L RSV 3 days post-infection FUtu re DlreCtlonS
Lactoferrin, a multifunctional protein. LU 0 MRCS Wige ecizos
%_5 7 ' © 1004 (human) (human) (mouse) _ . _
, , , , o o 0 0 001 v PES (s o » For a more accurate overall perspective of lactoferrin’s effect on the immune
~ - a7 =] <0. Vs virus on . . . . .
>Lactoferr|n_ (LF) also known as Ia.ctotran.sferrlr!, s a~80 .kDa. iron blndllng <} 7 80- L+ ( y) response, a transcriptome analysis of immune gene expression is currently
glycoprotein member of the transferrin family. It is found mainly in the saliva, ; - being evaluated.
tears and breast milk of mammalian species (1). % L . .
P (1) R 4 ‘@ 40- T . =L » We are establishing a mouse model to understand LF effects on RSV infection
. . . Bone formation . .
»LF is a key element of host defenses against bacterial, ety | e hLF 200 pg/mL +RSV  bLF 200 ygimL +RSV % ”0. T * in vivo (See poster abstract # ARB0034 Gladwell et al.)
viral, and parasitic infection, and it is considered an e ) Wl e 5 1= » Human clinical trials can be designed, where lactoferrin can be supplemented
important component of the immune defense system at | wensneing T ferri'n : _ xX 0 ok ¢ el & D% 4 by aerosol to babies, and these subjects would be observed for effects on
mucosal surfaces, including the wupper and lower -y t[ _ ™ - — IRVMY IV I | RSV disease severity.
iratory tracts (1-3) pimsbpepdosouce | acrivities — -
reSplra y . |ntestin:lr;‘;;;fi;:;?ulation m /:,/ = =~ S S o - RSV A2-GFP MOI 1 QU ESTIONS? COMMENTS?
. . . Vacgil:;n:rﬁ:ant s i NS 2 . . . .
> LF functional properties are highly conserved among d ] # ITF ALFand BLFI( 200 gfmty) ishe:addsd Shibefore e infestion sisp Please contact me at menendez@niehs.nih.gov
. . . Enzy‘maticlact_i\rlity H H
mammals (4). For instance, bovine LF (bLF) is taken up by | — ~—" hTF, hLF and bLF were added 3h before '”feCt(';’r”een_ Sy Ao é%
the human lactoferrin receptor and exerts similar Vogel HJ., 2012 (1) Human lactoferrin (hLF) was added 3h before infection Green: RSV A2-GFP : _
bioactivities as human lactoferrin (hLF) (4). Blue: Cell nuclei (NucBlue®) Refe rences
o | Ass 11200 o | Ased 111200 . | Ases 111299 Figure 4. Lactoferrin reduces expression of RSV genes and proteins.
85 . ¥ B [:§- RSV-A2-GFPMOI1  RSV-A2-GFP MOI 1
%é T i B e §§ 80 r—‘ §§ 8o o i 2000. AR o fEi5as T 1. Vogel HJ. Lactoferrin, a bird's eye view. Biochem Cell Biol. (2012) 90:233—44
- - - 8= 60 Lanai ol 8= 60 . 8= 60 PUTERESIsS - 040,001 vs RSV on 23 2. Brock, Jeremy H. "The physiology of lactoferrin." Biochemistry and Cell Biology 80.1
Respiratory Syncytial Virus 0l | O Sl U | r‘ . K rom onafE S.past i Brock, Jeremy physiology y ay
o < N O c . * O < a RSV MOI 1 N ok F R e e R Y ' '
_ _ _ . . _ SR 20 . . 5~ 20 H - I-'-| SR 20 " ¢ S 10004 MW kD 100 " A 3. Siqueiros-Cendon, Tania et al. “Immunomodulatory effects of lactoferrin.” Acta
> Respiratory syncytial virus (RSV) is a negative-sense, enveloped, single- =] 1 1 I'TF N + = §§ G pharmacologica Sinica vol. 35,5 (2014): 557-66.
. . - o oo o o 2 | F
stranded RNA virus of the family Paramyxoviridae. H=SSE S L U " E st I 500 40 Y 4. Gonzalez-Chavez, Susana A., Sigifredo Arévalo-Gallegos, and Quintin Rascén-Cruz.
| o | o N LT el W No LF (PBS) B hLF (200 ug/mL)* & S & T " 30 e [BEEIRERE "Lactoferrin: structure, function and applications." International journal of antimicrobial
» Although RSV infects people of all ages, it is especially a significant cause of ficiled Shix hiskore Iffestion) * p<0.001 Bl i o rhiion & ‘:f & \*;Oéc\“ N s agents 33.4 (2009): 301-e1.
respiratory illness in young children and the elderly, leading to morbidity and 1 e st st o s o e i sp S K: TR 5. Collins, Peter L., and Barney S. Graham. "Viral and host factors in human respiratory
morta”ty (5) (SC-20357) syncytial virus pathogenesis." Journal of virology 82.5 (2008): 2040-2055.
# hTF and hLF (200 pug/mL) were added 3h before the infection step

6. Klein MI, et al.,Differential gender response to respiratory infections and to the protective
effect of breast milk in preterm infants. Pediatrics. 2008; 121:e1510-6.

Figure 2. Specific prophylactic effects of human and bovine
lactoferrin against RSV infection

» Infants who were breastfeeding are more protected against RSV severity and

found that females were more protected than males, suggesting a possible 7. Grover M,et al. Effect of human milk prostaglandins and lactoferrin on respiratory syncytial

Figure 5. Lactoferrin enhances innate immune gene expression virus and rotavirus. Acta Paediatrics, 86 (3) (1997), pp. 315-316

gender difference and susceptibility (6). Y AEAD R H1299 ] ) i ]
| | | | 3 _ 1001 S— 3 c 100; W 200 " durlng RSV infection in human Iung cells 8. Portglli J. et al, .Effec.:t of compounds with. antipactgrial activities. in human milk on
> Very little is known about the effects of lactoferrin against RSV. It has been ¢S a0l = 1000 ug? @2 g = 1000 ug* . respiratory syncytial virus and cytomegalovirus in vitro.J Med Microbiol. 1998 Nov;
reported that LF haS ant|V|ra| aCtIVIty agalnst RSV |n Hep2 Ce”S (7,8)The eﬁeCtS E .,,g T *p<0.001 vs PBS (virus only) "u;; E o *p<0.001 vs PBS (virus only) In absence of RSV, lactoferrin Pre-treatment with lactoferrin enhances the RSV induced immune 47(11)1015-8
. . . L Q= 60 T Q- but not transferrin has a modest response at transcriptional level
Q + o - P P
of LF during RSV infection have not been studied in a lung cell model. a9 . : a8 effect inducing immune genes
L o 40 * L o T
O c * * pe 2 i
— N u—- N = " ;«5‘ ) A549 ) H1299
g ~ 20 i * g ; ~ 204 i X i . =5 2549 |:| H1299 o 8 :z:_ = m RSV MOI 1 0 8 i i,—ﬁl M HEW Ml | ACkn OWIng me nts
3 |=| I_-=| = iy qé,a . hTF 200 pg/mL hLF 200 pg/mL £ i O hLF + RSV .'::"% 30- 00 hLF + RSV
0 . . . . 0 : - - : S o < 8 100{ M5 5 @
. PBS hTF hLF bLF S2 4 TS £ 15 . . . . .
Obiective e S ALEBE ST N | 3% 2% 5 £ n We would like to thank Tina Teng, Yin Li, NIEHS Cores and Centers for their
j RSV A2-GFP MOI 1 RSVA2-GFPMOI1 Se jF i H ﬂﬂ _ H | & gg;l“ 23 ‘ \ assistance and contributions: Molecular Genomics Core, Viral Vector Core, Flow
. . . . . # hTF, hLF, bLF and bLFc-B were added 3h before the infection step # hTF, hLF, bLF and bLFc-B were added 3h before the infection step Egc ﬁﬂ i ﬂrl ﬂ n f’;, 18:_ L - b ) 1 :g 3 . ir‘ﬁﬁiﬁﬁ i (NRE. Cytometry Center, and Fluorescence Microscopy & Imaging Center, and Mark
Test the hypothesis that lactoferrin has a protective role in lung cells against Bovine Lactoferricin B (bLFc-B) is a 25 peptide of the bovine lactoferrin corresponding to aminoacids17-41 (FKCRRWQWRM KKLGAPSITCVRRAF). FEF S FEP S o TR eRAG w6 W8 Wi TR eeae  Ms Peeples lab at Rush-Presbyterian St. Luke’s Medical Center for assistance. NIEHS
reSplratory syn Cytlal virus infection. Human transferrin (hTF) is an iron binding glycoprotein that has antimicrobial activities and it is structurally related to lactoferrin. M ¢ hLF and hTF were added 3h before infection. Gene expression was analyzed 72h post-infection. Project Z01-ES100557

National Institutes of Health « U.S. Department of Health and Human Services



	Slide Number 1

