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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

This manuscript reports on the use of different cationic synthetic polymeric nanostructures as binders 

of inorganic polyphosphate (polyP), and inhibitors of the effect of the polyP on the blood coagulation. 
The blood coagulation is a complex biological process that is still poorly understood. The modulation 
of this process is fundamental for the treatment and control of pathological situations and key for 

clinical management. Thus, any development in this area is of great general interest. Moreover, the 
specific effect of polyP in these processes is still unclear and this work further deepens on that topic. 

Accordingly, my overall impression is that the manuscript merits to be published as an important 
research problem is faced. Despite the biological part of the work does not overlaps my specific 

expertise, it seems to be professionally done and the results are in line with the general conclusions. 
However, I have several concerns about the presentation of the binding data and its novelty. 
1) First of all, this part of the manuscript strongly overlaps with the unpublished material included as 

an additional paper to be submitted elsewhere. This paper (also available to reviewers, despite I had 
to ask for it) shows important overlapping sections (tables and figures) with the current submission to 

Nature Communication, which makes me wonder if such a fragmentation is necessary or even 
positive to understand the current submission. Actually, a key idea argued as the main point of the 
design of the molecules (change of protonation degree upon polyP binding at neutral pH) is not 

clearly presented in the current submission but explained in the unpublished additional materials 
intended to be submitted to a different journal. The overall situation makes the reviewer (and probably 

the future reader) to feel uncomfortable. The authors should consider merging both papers or, at 
least, submitting the biological activity results once the binding of the systems has been published 
and publicly accessible. 

2) I also have some concerns about the novelty of the design vectors. The authors claim that the 
originality of their design lies on the implementation of pKa close to neutrality for some amino groups, 

which will be protonated upon polyP binding, thus making the systems less charged (and less toxic) in 
the absence of polyp. This concept is indeed appealing and worth to be mentioned, but from the 

supramolecular chemistry point of view, this is not new at all. The change in the local protonation 
state upon anion/cation binding was already observed in the infancy of supramolecular chemistry of 
polyamines by pioneers such and Vacca, Martell, or even the Nobel Laureate Jean Marie Lehn in the 

80’s of last decade. Actually this is the key issue for measuring anion/cation binding with polyamines 
by potentiometric titrations. I would reduce the novelty claims and I would also suggest the authors to 

give credit to some of the seminal studies. 
3) Considering point 2 and that the authors seem to have access to potentiometric titrations as a 
regular technique, I wonder why they did not use this technique to measure the actual binding, since 

this is very sensitive to changes in the protonation degree. The most convincing evidence of a 
hypothesis must use the most sensitive experimental measurement of the involved property. 

4) The SPR studies show the traces of titrations using the steady-state approach. However, for some 
complex systems, this is not accurate if the on/off kinetics are not very fast. The actual SPR traces 
must be included in the supporting information and, in case the kinetics are not fast enough, the 

kon/koff kinetic fitting must be used for the binding. This is especially relevant for molecules to be 
used in biological media, since in such a complex and competitive environment, the corresponding 

equilibrium state is difficult to achieve. Therefore, values of kon/koff are extremely informative. 
In summary, I cannot support acceptance of the manuscript in the current form. My first suggestion 

would be to merge the two papers in a more complete and general study. Alternatively, the authors 
could consider keep the fragmentation, but in that case, the paper describing the binding of the 
systems must be published before for a more suitable description of the process, and the impact and 

general interest of the corresponding manuscript would be lower. In any case, the additional 
suggestions might be also strongly considered. 



Reviewer #2 (Remarks to the Author): 

This is an interesting manuscript describing the next generation of cationic molecules that inhibit the 
activation of the contact pathway. 
Major comments. 

1/ The manuscript focuses on polyP for the in vitro studies of coagulation. However, it is likely that 
there are additional negatively-charged molecules that activated the contact pathway in vivo. 

Therefore, the authors should determine if the MPI candidates also inhibit the activation of the contact 
pathway by other activators, such as kaolin and silica. 

2/ Thrombosis was examined using the laser-induced cremaster arteriole thrombosis model and the 
ferric chloride artery injury model. A better model to examine the antithrombotic effects of MPI 8 is the 
inferior vena cava model. This is a better model of VTE in patients. 

3/ MPI 8 did not cause an increase in bleeding in the tail transection model. It would be helpful to 
examine the effect of MPI 8 in other bleeding models, such as the saphenous vein model. 

4/ Knock out of the inositol kinase in mice was associated with reduced generation of polyP and 
increased tail bleeding indicating a role of polyP in hemostasis. Why does an inhibitor of polyP not 
cause similar bleeding? FXI is also required for hemostasis in humans. 

5/ Serum levels of LDH were used as a measure of toxicity. Liver enzymes should also be measured. 
How are MPI-polyP complexes removed from the circulation? 

6/ What small molecule phosphate containing compounds are present in vivo? 

Reviewer #3 (Remarks to the Author): 

This is a concise, well compiled, and written manuscript comprising the in-vitro and in-vivo 

characterization of macromolecular polyanion inhibitors. 
The quality of the data is appropriate and technically sound. Presentation and interpretation of the 
data as well as controls are in large parts of the manuscript sufficient. 

The presented data reveal sufficiently strong evidence for the author’s claims. 
The report is of interest for the community and can be published – according to the opinion of this 

reviewer – with minor changes as depicted in the following comments. 

Comments: 

#1 According to the ISO norm - e.g. 10993-4, Biological evaluation of medical devices - Part 4: 

Selection of tests for interactions with blood - hemocompatibility testing includes analyses of blood 
platelet and leucocyte as well as complement activation. None of these recommended tests were 
conducted in this study. Thus, I recommend specifying the terms used to describe the conducted 

analyses more precisely. The same applies to “Biocompatibility”. 
The authors state “superior hemocompatibility”. 

In my very personal opinion, superlatives should be avoided in a scientific manuscript to ensure an 
appropriate scientific discussion. 

#2 Please describe which mechanisms might me responsible for the reduced bleeding time (MPI 8 – 
100, MPI 8, 300) in the mouse model. The differences are not significant, however, a tendency is 

clearly indicated. 

#3 Please discuss in the manuscript the increase in the LDH values as well (Fig 5 C3). Despite 
differences are tendential only, the data show an outlier in the saline control, which might be the 
reason why differences between the samples are not significant. 

#4 Abbreviations such as ALT and LDH are not explained in the main text. Since the Material and 

Methods section is provide as a Supplement, I recommend including the explanations in the main text 



as well. 

#5 Please correct the error message in the 1.1.1 Materials and Reagents: 
The protocols for synthesis of UHRA 8, UHRA 10 and MPIs studied are provided in 1.1.2 and the 

physical characteristics are shown in Error! Reference source not found.. BD Vacutainer® Citrate 
Tubes containing 3.2 % buffered sodium citrate solution were purchased from Becton, Dickinson and 
Company (New Jersey, USA). 

#6 Section 1.1.1.3 Blood collection and plasma preparation 

The authors state “healthy volunteer donors”. How was the health status of the human donors 
determined? Which were the inclusion criteria for the donors? Which tests were conducted to exclude 

inflammatory processes and appropriate hemostatic/cell function? Were the donor data compared 
with reference values for apparently healthy humans? The number of donors included in the study 
(not pooled plasma) should be stated in the materials and methods section. 

Some of these data are already in the Reporting Summary. I recommend stating this in the 
manuscript as well. 

Characterization of the donors should include the collection of demographic data, data about the 
recent intake of medication, special nutrition and extensive physical activity. Participants should be 
excluded from the study if any of these is reported to affect the hemostatic system such as platelet 

function inhibitors, diabetic and allergic disorders and respective medication as well as excessive 
consumption of certain food or extensive sports. For thrombogenicity and hemocompatibility studies, 

characterization of the donated blood should comprise e.g. whole blood haemogram data, analysis of 
markers of acute inflammation, e.g., C-reactive protein levels as well as test for platelet function for 
achieving reproducible test results.
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6H+-+-12'KJ 9F (' +, !"#$%&'(#$) *'+(,-.'/&0% W\\F ""G["@Y 6"```<F a1210' 9 (' +, 
1+20"#$)+3)4$-(&0+#"#$%&'(#$)5,-.'/&0%F \]WF "bU["Y" 6@$$_< +)3 B1=K+)+) \W9F (' +, 
!"#$%&'(#$)5,-.'/&0% ^\F "Y_Y["YU@ 6@$$Y<< /K*=K *0 I(2J 0()0*'*I( '& '*-(F =&)=()'2+'*&) 
&> 'K( 2(+M()'0 ('=# NK*0 /&1,3 *) >+=' +>>(=' 'K( +='1+, 5*)3*)M =&)0'+)' -(+012(3#   



" NK( -(+012(-()'0 )((3 + I(2J 0?(=*+, 'J?( &> ?&,J*&) 0()0*'*I( -(-52+)( (,(='2&3(0# 
B*)3*)M =&)0'+)' -(+012(-()'0 +2( +,0& 0()0*'*I( '& 'K( 'J?( &> (,(='2&3(0# ^,(='2&3(0 
'K+' +2( 0()0*'*I( '& 8%D0 +)3 ?&,J% K+I( )&' 5(() 3(I(,&?(3 &2 '(0'(3 J('# NK( 
2(0?&)0( &> 'K(0( (,(='2&3(0 *0 +''2*51'(3 '& + )&)(]1*,*52*1- 0'(+3J[0'+'( =K+)M( *) 'K( 
?K+0( 5&1)3+2J ?&'()'*+, +' 'K( -(-52+)(R0+-?,( *)'(2>+=( &/*)M '& + =&&?(2+'*I( 
(Q'2+='*&) &> 'K( ?&,J*&) *) 'K( ?&,J-(2*= -(-52+)( ?K+0(# D' *0 )&' =,(+2 /K('K(2 'K( 
'/& -(-52+)( (,(='2&3(0 2(?&2'(3F '2*3&3(=J,-('KJ,+--&)*1- =K,&2*3( 6Na8WA< +)3 
3*)&)J,)+?'K+,()( 01,>&)+'( 6a99\< +2( 0()0*'*I( '& ?&,J% +)3 8%D0 6c(2>10&)  \ \WF 
(' +, 6-"/+0/)#"7)!(&2#&+0/)*8)5,-.'(#$F @_@F GYb[G7Y 6@$"U<d H+-+-12'KJ 9F (' +, 
!"#$%&'(#$)*'+(,-.'/&0% W\\F ""G["@Y 6"```<F a1210' 9 (' +, 1+20"#$)+3)4$-(&0+#"#$%&'(#$)
5,-.'/&0%F \]WF "bU["Y" 6@$$_< +)3 B1=K+)+) \W9F (' +, !"#$%&'(#$)5,-.'/&0% ^\F "Y_Y[
"YU@ 6@$$Y<<# D) ?15,*0K(3 ,*'(2+'12(F 2(0(+2=K(20 10(3 0'2&)M 1)0K*(,3(3 ?&,J=+'*&)0 
01=K +0 ?2&'+-*)(F ?&,J52()(F ?&,JS[+2M*)*)(F ?&,J6+-*3&+-*)(<F ?&,J6?2&?J,()*-*)(< 
6K*MK,J ?&0*'*I(,J =K+2M(3 -&,(=1,(0<F 51' &12 8%D *0 + =K+2M( ?2&'(='(3 /(+P,J 5+0*= 
?&,J=+'*&)# NK*0 /&1,3 -+P( *' =K+,,()M*)M '& >*)3 01*'+5,( -(-52+)( (,(='2&3( /K*=K *0 
I(2J 0()0*'*I( '& 8%D# NK10F 'K(2( *0 ,&' &> 1)=(2'+*)'J *) (-5+2P*)M ?&'()'*&-('2*= 
-('K&3 '& 3('(2-*)( 'K( +='1+, 5*)3*)M =&)0'+)'# 

"  D) +33*'*&)F 'K( 2(?&2'(3 *&)[0(,(='*I( -(-52+)( (,(='2&3(0 +2( &),J 0()0*'*I( '& ,&/ 
=&)=()'2+'*&)0 &> ?&,J*&)0 +)3 K+0 + )+22&/ =&)=()'2+'*&) 2+)M( 0()0*'*I*'J#  

NK10F /( K+I( 3(=*3(3 +M+*)0' 1'*,*4*)M ?&'()'*&-('2*= '*'2+'*&)0 '& 3('(2-*)( 'K( 5*)3*)M 
=&)0'+)' 31( '& 0=*()'*>*= 2(+0&)0 01=K +0 'K( -(+012(-()'0 +2( )&' 3&)( +' '21( 
(]1*,*52*1- +)3 (,(='2&3( =K(-*0'2J *0 )&' /(,, 3(I(,&?(3 >&2 'K( ?&,J=+'*&) 01=K +0 8%D0#  
A&)I()'*&)+, ?&'()'*&-('2*= '*'2+'*&)0F 01=K +0 'K&0( 3(0=2*5(3 *) &12 /&2PF 1'*,*4(3 + M,+00 
(,(='2&3( '& -(+012( 'K( ?; =K+)M(0#   

D) +33*'*&) '& 'K*0F /( K+I( =&)01,'(3 'K( 10( &> ?&'()'*&-('2*= '*'2+'*&)0 '& 3('(2-*)( 'K( 
5*)3*)M =&)0'+)' &> 8%D[?&,J% =&-?,(Q >&2-+'*&) /*'K &)( &> 'K( /&2,3 (Q?(2'0 6a2# 
8(J(2K&>>F e)*I(20*'J &> 8*=K*M+)<# a2# 8(J(2K&>> ?15,*0K(3 0&-( &> 'K( >*20' ?+?(20 &) 'K( 
10( &> ?&'()'*&-('2*= '*'2+'*&) '& 3('(2-*)( -+=2&-&,(=1,([-+=2&-&,(=1,( *)'(2+='*&) +)3 
5*)3*)M =&)0'+)'0# a2# 8(J(2K&>> K+0 + 0*-*,+2 &?*)*&) &120 +0 3(0=2*5(3 +5&I( &) 'K*0 '&?*=#  

;&/(I(2F *) ,*MK' &> 'K*0 2(I*(/(2 =&--()' '& 3('(2-*)( 'K( 5*)3*)M =&)0'+)'F /( K+I( 
?(2>&2-(3 0(I(2+, +33*'*&)+, (Q?(2*-()'0 1'*,*4*)M *0&'K(2-+, '*'2+'*&) =+,&2*-('2J 6DNA< 
/K*=K ?2&I*3( -&2( 2(+,*0'*= +)3 +==12+'( +>>*)*'J =&)0'+)'0 +' (]1*,*52*1-# NK( DNA 
-(+012(-()'0 ?2&I*3( 'K( +00&=*+'*&) =&)0'+)' 6O+< +,&)M /*'K 'K( >2(( ()(2MJ 69:<F 'K( 
()'K+,?J 69;< +)3 0'&*=K*&-('2J 6<< &> 'K( 5*)3*)M 2(+='*&)F M*I*)M 3((?(2 *)0*MK' *)'& 'K( 
32*I*)M >&2=( &> 'K( =&-?,(Q+'*&) 2(+='*&) 5('/(() 8%D[%&,J%# DNA '(=K)*]1( *0 + K*MK,J 
0()0*'*I( (Q?(2*-()'+, -(+012(-()' '& 0'13J 'K( *)'(2+='*&) 5('/(() -+=2&-&,(=1,(0F +)3 
*0 2(+3*,J +??,*=+5,( '& -+=2&-&,(=1,([-+=2&-&,(=1,( 6K(2( 8%D[?&,J%< *)'(2+='*&)0 
3(0=2*5(3 *) 'K( -+)10=2*?'# e),*P( ?&'()'*&-('2*= -('K&3F *' *0 +) (]1*,*52*1- -('K&3 +)3 
I+,1(0 &5'+*)(3 =+) 5( '210'(3 /*'K K*MK =&)>*3()=(#  

X( K+I( 1?3+'(3 'K( -+)10=2*?' /*'K >&,,&/*)M 3('+*,0F 5*)3*)M =&)0'+)' >&2 8%D[?&,J% 

*)'(2+='*&)F D;F D\ +)3 DC >&2 'K( 5*)3*)M 2(+='*&) 5('/(() ?&,J%Y7 /*'K 3*>>(2()' 8%D0#  D) 
>+='F /( K+I( 0(() 'K+' 'K( /(+P +-*)(0 01=K +0 8%D 0K&/ 0*-*,+2 +>>*)*'J =&)0'+)'0 +0 
0'2&)M 5+0*= +-*)(0 6e;HW 'J?(< /K*=K +M+*) =&)>*2-0 &12 =&)=(?' 'K+' ,&/ =K+2M( 3()0*'J 
&> 8%D +' ?KJ0*&,&M*=+, ?; *0 01>>*=*()' '& M()(2+'( *)*'*+, 5*)3*)M '& ?&,J%F +)3 'K( 



?2&'&)+'*&) &> 'K( 8%D 312*)M 'K( *)'(2+='*&) /*'K ?&,J% *)=2(+0(3 'K( 0'+5*,*'J &> 'K( 8%D[
?&,J% =&-?,(Q# NK( -+)10=2*?' K+0 5(() -&3*>*(3 '& *)=,13( 'K(0( 3+'+ *) 'K( 2(I*0(3 
I(20*&)#   

%,(+0( 0(( ?+M( GF N+5,( @F N+5,( b\ +)3 c*M12( \7 &> 'K( 2(I*0(3 -+)10=2*?'#   

*
(<C93*W@*\1--+2J &> DNA 3+'+ =K+2+='(2*4*)M 'K( 'K(2-&3J)+-*= ?2&?(2'*(0F 0'&*=K*&-('2J 
69< +)3 (]1*,*52*1- 3*00&=*+'*&) =&)0'+)' =d  >&2 5*)3*)M &> 8%D '& ?&,J% +' ?; _#Y +)3 @7 

!A#   

G89PRa* 1R#*b* "*c* Td*_`1S*
aU*

_b=<9cB89S*
a.*_b=<9cB89S* (a'*_b=<9cB89S*

RXdd*

8%D b $#_ $#_b_ f $#$" [U#b_ f $#$Y ["$_#$ f $#U [`U#_ f $#U 

8%D 7 $#U $#`7 f $#$7 [U#@@ f $#$@ [_7#$ f $#Y [GG#U f $#Y 

8%D _ "#$ "#@_ f $#$` [U#$7 f $#$G [b_ f " [@`#$ f $#` 

8%D ` "#" "#@ f $#@ [U#$U f $#$@ [7$#` f $#7 [Y@#` f $#7 

a Used in the ITC cell. 
b Added to cell via syringe. 
c Ratio of MPI to polyP.  
d Buffer used was sodium phosphate buffer composed of dibasic phosphate buffer (Na2HPO4), monobasic 
phosphate buffer (NaH2PO4) and NaCl. NaCl concentration is 10 mM.  

(<C93*'[@*\1--+2J &> 5*)3*)M 'K(2-&3J)+-*=0F 0'&*=K*&-('2J +)3 5*)3*)M +>>*)*'J 3+'+ 

&5'+*)(3 5J *0&'K(2-+, '*'2+'*&) =+,&2*-('2J 6DNA< +' ?; _#Y +)3 @7 !A# 

!"##$%&
'()*&
+,-.&

)$**&
+/0/%(12.&

34%015$&
+/0/%(1/.&

'& 6d&+7-.&
89&

+:;(*<,=*.&
8>&

+:;(*<,=*.&
?83&

+:;(*<,=*.&

HEPESc 10 P45 CBG I 5.1 7194 -2.92 -2.06 0.87 

HEPESc 10 P45 MPI 9 1.1 0.49 ± 0.03 -8.66 ± 0.04 -37.9 ± 0.9 -29.2 ± 0.9 

HEPESc 10 P45 MPI 3 0.7 0.60 ± 0.09 -8.50 ± 0.08 -74.8 ± 0.8 -66.3 ± 0.4 

c HEPES buffer consisted of HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) and NaCl. 



,DOF63*'dK*NK(2-&M2+-0 +)3 3*>>(2()'*+, 5*)3*)M =12I(0 &5'+*)(3 5J DNA >&2 0(,(=' 8%D 
5*)3*)M '& ?&,J% /*'K "$ -8 9+A, +33(3F +0 ,+5(,,(3# W,, (Q?(2*-()'0 /(2( =&)31='(3 +' 

?; _#Y +)3 @7 !A# :)( 2(?2(0()'+'*I( '*'2+'*&) *0 0K&/) >&2 (+=K 0J0'(- 0'13*(3F /K*,( 'K( 

'K(2-&3J)+-*= 3+'+ 2(?&2'(3 /(2( '+P() +0 'K( -(+) &> 'K2(( *)3(?()3()' '*'2+'*&)0F (+=K 
)&2-+,*4(3 5J 'K(*2 2(0?(='*I( K(+'0 &> 3*,1'*&)# 

/8BB345* MXL NK( \%H 0'13*(0 0K&/ 'K( '2+=(0 &> '*'2+'*&)0 10*)M 'K( 0'(+3J[0'+'( 
+??2&+=K# ;&/(I(2F >&2 0&-( =&-?,(Q 0J0'(-0F 'K*0 *0 )&' +==12+'( *> 'K( &)R&>> P*)('*=0 +2( 
)&' I(2J >+0'# NK( +='1+, \%H '2+=(0 -10' 5( *)=,13(3 *) 'K( 01??&2'*)M *)>&2-+'*&) +)3F *) 
=+0( 'K( P*)('*=0 +2( )&' >+0' ()&1MKF 'K( P&)RP&>> P*)('*= >*''*)M -10' 5( 10(3 >&2 'K( 5*)3*)M# 
NK*0 *0 (0?(=*+,,J 2(,(I+)' >&2 -&,(=1,(0 '& 5( 10(3 *) 5*&,&M*=+, -(3*+F 0*)=( *) 01=K + 
=&-?,(Q +)3 =&-?('*'*I( ()I*2&)-()'F 'K( =&22(0?&)3*)M (]1*,*52*1- 0'+'( *0 3*>>*=1,' '& 
+=K*(I(# NK(2(>&2(F I+,1(0 &> P&)RP&>> +2( (Q'2(-(,J *)>&2-+'*I(# 

&3;G84;3K* X( K+I( +33(3 2(?2(0()'+'*I( +='1+, \%H '2+=(0 /(2( +33(3 '& 'K( 
01??,(-()'+2J *)>&2-+'*&)# H(+3(20 /*,, K+I( +==(00 '& 'K*0 *) 'K( 2(I*0(3 I(20*&)#  %,(+0( 
0(( 01??,(-()'+2J >*M12( \b +)3 \Y#  







/8BB345*MdK* D) 01--+2JF D =+))&' 01??&2' +==(?'+)=( &> 'K( -+)10=2*?' *) 'K( =122()' 
>&2-# 8J >*20' 01MM(0'*&) /&1,3 5( '& -(2M( 'K( '/& ?+?(20 *) + -&2( =&-?,('( +)3 M()(2+, 
0'13J# W,'(2)+'*I(,JF 'K( +1'K&20 =&1,3 =&)0*3(2 P((? 'K( >2+M-()'+'*&)F 51' *) 'K+' =+0(F 'K( 
?+?(2 3(0=2*5*)M 'K( 5*)3*)M &> 'K( 0J0'(-0 -10' 5( ?15,*0K(3 5(>&2( >&2 + -&2( 01*'+5,( 
3(0=2*?'*&) &> 'K( ?2&=(00F +)3 'K( *-?+=' +)3 M()(2+, *)'(2(0' &> 'K( =&22(0?&)3*)M 
-+)10=2*?' /&1,3 5( ,&/(2# D) +)J =+0(F 'K( +33*'*&)+, 01MM(0'*&)0 -*MK' 5( +,0& 0'2&)M,J 
=&)0*3(2(3# 

&3;G84;3K X( &)=( +M+*) 'K+)P 'K( 2(I*(/(2 >&2 K(,?*)M 10 '& *-?2&I( 'K( ]1+,*'J &> 'K( 
-+)10=2*?'# X( K+I( =&-5*)(3 'K( ?KJ0*=+, =K(-*0'2J ?+?(2 +)3 'K( 5*&,&M*=+, (I+,1+'*&) 
?+?(2 '& &)( -+)10=2*?' *) 'K( 2(I*0(3 I(20*&)#  NK( 3(0*M) =&)=(?' *0 ()K+)=(3 /*'K -&2( 
+33(3 3+'+ +)3 3*0=100*&) +,0& ()K+)=(3#  X( K&?( 'K( -+)10=2*?' /*,, 5( &> *)'(2(0' '& 
3*I(20( 2(+3(20 &> 'K( Z&12)+,#  

&3HD3I36*MW*_&3B<6b;*58*5>3*2F5>86SK*

/8BB345K NK*0 *0 +) *)'(2(0'*)M -+)10=2*?' 3(0=2*5*)M 'K( )(Q' M()(2+'*&) &> =+'*&)*= 
-&,(=1,(0 'K+' *)K*5*' 'K( +='*I+'*&) &> 'K( =&)'+=' ?+'K/+J#  

&3;G84;3K X( 'K+)P 'K( 2(I*(/(2 >&2 'K( K*MK,J ?&0*'*I( >((35+=P +)3 ?&*)'0 '& *-?2&I( 
'K( ]1+,*'J &> 'K( -+)10=2*?'# X( K+I( 2(I*0(3 'K( -+)10=2*?' '& >1,,J +332(00 'K( 
=&--()'0 5J 'K*0 2(I*(/(2 5J ?(2>&2-*)M +33*'*&)+, (Q?(2*-()'0 +0 3(0=2*5(3#  

8+Z&2 =&--()'0# 

/8BB345*MNK  NK( -+)10=2*?' >&=10(0 &) ?&,J% >&2 'K( *) I*'2& 0'13*(0 &> =&+M1,+'*&)# 
;&/(I(2F *' *0 ,*P(,J 'K+' 'K(2( +2( +33*'*&)+, )(M+'*I(,J[=K+2M(3 -&,(=1,(0 'K+' +='*I+'(3 'K( 
=&)'+=' ?+'K/+J *) I*I&# NK(2(>&2(F 'K( +1'K&20 0K&1,3 3('(2-*)( *> 'K( 8%D =+)3*3+'(0 +,0& 
*)K*5*' 'K( +='*I+'*&) &> 'K( =&)'+=' ?+'K/+J 5J &'K(2 +='*I+'&20F 01=K +0 P+&,*) +)3 0*,*=+# 

&3;G84;3K X( 'K+)P 'K( 2(I*(/(2 >&2 52*)M*)M 'K*0 ?&*)'#  N& 3(-&)0'2+'( 'K( 0(,(='*I*'J &> 
'K( 8%D U '& ?&,J%F /( K+I( +00(00(3 'K( =&)'+=' ?+'K/+J +='*I+'*&) *)K*5*'*&) &> 3*>>(2()' 
8%D -&,(=1,(0 +M+*)0' + )1=,(*= +=*3 6%&,JDLAF + P)&/) +='*I+'&2 &> =&)'+=' ?+'K/+J<#  :12 
0'13*(0 3(0=2*5(3 *) 01??,(-()'+2J *)>&2-+'*&)F 0K&/ 'K+' 8%D U 3&(0 )&' *)K*5*' 'K( 
+='*I+'*&) &> =&+M1,+'*&) 5J %&,JDLAF 3(-&)0'2+'*)M *'0 0?(=*>*=*'J#  \*)=( P+&,*) +)3 0*,*=+ 
+2( )&)[?KJ0*&,&M*=+,F /( K+I()V' *)I(0'*M+'(3 'K(0( 012>+=(0#  %,(+0( 0(( ?+M( "@ 
63*0=100*&) 0(='*&)< +)3 01??,(-()'+2J >*M12( \"$#  



*
*
,DOF63*'N]K*#4>DCD5D84*87*<=5DH<5D84*87*C988:*=8<OF9<5D84*CP*4F=93D=*<=D:*_;F668O<53*
4F=93D=* <=D:* R89P* #/S* CP* 1R#;@* \=2(()*)M &> *)K*5*'&20 10*)M ?,+0-+ =,&''*)M +00+J '& 
-(+012( 5,&&3 =&+M1,+'*&) *)*'*+'*&)#  NK( 3+'+ *0 2(?2(0()'(3 +0 ?(2=()' )(1'2+,*4+'*&) /*'K 
$h 5(*)M 'K( %&,J DA /*'K )& *)K*5*'&2 +)3 "$$h 5(*)M 'K( ?,+0-+ /*'K )& ?&,J DA +)3 )& 
*)K*5*'&2# NK( 0&,*3 5+20 *)3*=+'( @$$ iMR-S +)3 0'2*?(3 5+2 *)3*=+'( "$$ iMR-S &> *)K*5*'&2 
=&)=()'2+'*&)# 8%D[U 3*3 )&' *)K*5*' %&,JDA *)*'*+'(3 5,&&3 =&+M1,+'*&)#   

/8BB345* MWK  NK2&-5&0*0 /+0 (Q+-*)(3 10*)M 'K( ,+0(2[*)31=(3 =2(-+0'(2 +2'(2*&,( 
'K2&-5&0*0 -&3(, +)3 'K( >(22*= =K,&2*3( +2'(2J *)Z12J -&3(,# W 5(''(2 -&3(, '& (Q+-*)( 'K( 
+)'*'K2&-5&'*= (>>(='0 &> 8%D U *0 'K( *)>(2*&2 I()+ =+I+ -&3(,# NK*0 *0 + 5(''(2 -&3(, &> .N^ 
*) ?+'*()'0#  

&3;G84;3K*D) ,*MK' &> 'K*0 =&--()'F /( K+I( (I+,1+'(3 8%D U *) *)>(2*&2 I()+ =+I+ 6D.A< 
0'()&0*0 6?+2'*+,< ,*M+'*&) -&3(, *) -*=(# :12 2(01,'0 +2( 0K&/) *) c*M12( 7A"F c*M12( 7A@ 
+)3 01??,(-()'+2J *)>&2-+'*&) 6c*M12( \_ +)3 \U<F /K*=K *)3*=+'( 'K+' 8%D U *0 K*MK,J 
(>>(='*I( *) ?2(I()'*)M I()&10 'K2&-5&0*0 *) 'K*0 -&3(,#  NK(0( 3+'+ >12'K(2 01??&2' 'K( 
+='*I*'J &> &12 )(/ -&,(=1,( '& ?2(I()' 'K2&-5&0*0#   %,(+0( 0(( ?+M( "$#  



,DOF63*W@*1R#*Z*3e>DCD5;*<45D5>68BC85D=*G68G365D3;*D4*BD=3@*2S*1R#*Z*63:F=3:*7DC6D4*=985*
786B<5D84*<4:*G9<53935*<==FBF9<5D84*D4*B8F;3*=63B<;536*<6536D893*5>68BC8;D;*B8:39@*
2N< \=K(-+'*= 2(?2(0()'+'*&) &> 'K( 'K2&-5&0*0 -&3(,L %,+'(,('0 +)3 >*52*) +2( '+MM(3 /*'K 
>,1&2(0=()' +)'*5&3*(0 +)3 =+) 5( I*01+,*4(3 +0 'K(J +==1-1,+'( +' 'K( 0*'( &> *)Z12J 1?&) 
,+0(2[*)31=(3 *)Z12J# 2WS H(?2(0()'+'*I( *-+M(0 &> 'K2&-510 M2&/'K +' $[b -*)0 *) -*=( 
/K*=K /(2( '2(+'(3 /*'K 0+,*)( &2 8%D U# 2[S 8(3*+) >,1&2(0=()=( *)'()0*'J 2(?2(0()'+'*I( 
&> >*52*) +==1-1,+'*&) &I(2 '*-(# 2XS 8(3*+) >,1&2(0=()=( *)'()0*'J 2(?2(0()'+'*I( &> ?,+'(,(' 
+==1-1,+'*&) &I(2 '*-(# -S*1R#*Z*:39<P;*5DB3*58*8==9F;D84*D4*=<685D:*<6536P*5>68BC8;D;*
B8:39@* -NS \=K(-+'*= 2(?2(0()'+'*&) &> 'K( 'K2&-5&0*0 -&3(,# W2'(2J ?+'()=J /+0 
-&)*'&2(3 5J a&??,(2 >,&/ ?2&5(# D)Z12J /+0 *)31=(3 5J '&?*=+, +??,*=+'*&) &> c(A,3 +)3 
?+'()=J *0 ?,&''(3 I(2010 '*-(F =&-?+2*)M 'K( 0+,*)( =&)'2&, +)3 8%D U#  e;HW["$ /+0 10(3 
+0 + =&)'2&,# -WS W' "$$ -MRPMF 8%D U *0 -&2( (>>(='*I( 3(,+J*)M '*-( '& &==,10*&)# W ,&M 
2+)P +)+,J0*0 '(0' 0K&/0 'K+' 'K( =12I( &> 8%D U *0 0*M)*>*=+)',J 3*>>(2()' >2&- 'K( =12I( &> 



e;HW["$ 6jjj%!$#$$$7<# -[S W' @$$ -MRPMF 8%D U +)3 e;HW["$ K+I( 2(+=K(3 + 0*-*,+2 
,(I(, &> ?+'()=JF ,*P(,J + -+Q*-1- *) 'K*0 -&3(, 10*)M 'K(0( *)K*5*'&20# W,, 2(01,'0 0K&/) +2( 
-(+) &> ) g U -*=(#*W ,&M 2+)P +)+,J0*0 '(0' *)3*=+'(0 'K( '/& =12I(0 &> 8%D U =&-?+2(3 '& 
'K( 0+,*)( =&)'2&, +2( 0*M)*>*=+)',J 3*>>(2()' 6jj%!$#$$7<# /S* 1R#* Z* 563<5B345* D4>DCD5;*
5>68BCF;* 786B<5D84* D4* D4736D86* H34<* =<H<* 5>68BC8;D;* B8:39@ /NS + =+2'&) 
2(?2(0()'+'*&) &> 'K( -&10( -&3(,# /WS NK2&-510 /(*MK'0 &> 1)'2(+'(3 6I(K*=,( =&)'2&,< 
+)3 '2(+'(3 68%D U< -*=(# W>'(2 2(-&I+, &> @ &1',*(20F 3+'+ /(2( 0'+'*0'*=+,,J 0*M)*>*=+)',J 
3*>>(2()' +' ? g $#$$$b *) +) 1)?+*2(3 N['(0' /*'K X(,=KV0 =&22(='*&)# 

*
,DOF63*'Z@*#4736D86*H34<*=<H<*;5348;D;*5>68BC8;D;*B8:39@*W??2&Q*-+'(,J "U [ @Y K&120 
+>'(2 8%D U /+0 3(,*I(2(3F +) D.A 0'()&0*0 6?+2'*+, >,&/< ,*M+'*&) +0 3(0=2*5(3 6H(># %8Da 
b$_UG_b` +)3 %8Da @GYU@``b< /+0 ?(2>&2-(3 '& *)31=( 'K2&-5&0*0# NK2&-5&0*0 /+0 
+=K*(I(3 *) U &> "$ -*=( >&2 (+=K M2&1? 6+' YU K&120 ?&0'[.N<F +)3 'K(0( U I+,1(0 /(2( 
10(3 >&2 =&-?+2*0&)# 8%D U '2(+'-()' J*(,3(3 0*M)*>*=+)',J 0-+,,(2 'K2&-510 'K+) =&)'2&, 
'2(+'-()' +0 -(+012(3 5J 'K2&-510 /(*MK' ?g$#$$"YF +)3 'K2&-510 /(*MK'R,()M'K 
?g$#$@$"# \'13()'V '[N(0' /+0 10(3 >&2 0'+'*0'*=+, =&-?+2*0&)# 
*



********************************** *
*
*
,DOF63*'f@ D)>(2*&2 I()+ =+I+ 0'()&0*0 'K2&-5&0*0 -&3(,#  '5<5D;5D=<9*<4<9P;D;*:<5<*786*
7DOF63*d/W@*

/8BB345*M[L  8%D U 3*3 )&' =+10( +) *)=2(+0( *) 5,((3*)M *) 'K( '+*, '2+)0(='*&) -&3(,# D' 
/&1,3 5( K(,?>1, '& (Q+-*)( 'K( (>>(=' &> 8%D U *) &'K(2 5,((3*)M -&3(,0F 01=K +0 'K( 
0+?K()&10 I(*) -&3(,#  

&3;G84;3K*X( K+I( ?(2>&2-(3 0+?K()&10 I(*) K(-&0'+0*0 -&3(, *) -*=( /*'K 8%D U '& 
3(-&)0'2+'( 'K( 0+>('J# H(01,'0 0K&/ 'K+' 8%D U 3&(0 )&' *)=2(+0( 'K( 5,((3*)M '()3()=J 
*) =&-?+2*0&) '& 'K( 51>>(2 '2(+'(3 +)*-+,# NK(0( 2(01,'0 K+I( 5(() +33(3 '& c*M12( G B" 
+)3 B@#  N&M('K(2 /*'K '+*, I(*) 5,((3*)M -&3(, +)3 '&,(2+)=( 0'13*(0F 01??&2' 'K( 0+>('J &> 
8%D U +)3 'K( 3(-&)0'2+'*&) &> 'K( 3(0*M) =&)=(?'#  %,(+0( 0(( ?+M( "$#  



,DOF63* [@* 1R#* Z* :83;* 485* D4:F=3* C933:D4O* D4* BD=3@* 2S* .DO>* :8;3;* 87* 5>3* 93<:* 1R#*
=<4:D:<53;*:8*485*=<F;3*C933:D4O*D4*BD=3@ 2NS \=K(-+'*= 2(?2(0()'+'*&) &> -&10( '+*, 
5,((3*)M -&3(, /*'K A7_RBSG -*=(# 2WS H(=&23(3 5,((3*)M '*-(# 8*=( /(2( *)Z(='(3 *) + 
5,*)3(3 0'13J /*'K 1? '& b$$ -MRPM &> ,(+3 8%D =+)3*3+'(0 +)3 3(-&)0'2+'(3 )& *)=2(+0( 
*) 5,((3*)M 0*3( (>>(='F *) =&)'2+0' '& -*=( +3-*)*0'(2(3 @$$ eRPM &> 1)>2+='*&)+'(3 K(?+2*)# 
) g U -*=( ?(2 M2&1?#  2[S ;(-&M,&5*) ,&0' 5J -*=(#*-S*1R#*Z*:D:*485*:3=63<;3*G9<53935*
63=6FD5B345* <4:* 7DC6D4* 786B<5D84* D4* >3B8;5<5D=* =985* 786B<5D84* <;;3;;3:* HD<*
;<G>348F;* H3D4* >3B8;5<;D;* B8:39@* k1+)'*'+'*I( +)+,J0*0 &> 'K( 3J)+-*=0 &> ?,+'(,(' 
+==1-1,+'*&) _-NS +)3 >*52*) >&2-+'*&) _-WS *) 2(0?&)0( '& I+0=1,+2 *)Z12J *) 0+?K()&10 
I(*)# -[S H(?2(0()'+'*I( *-+M(0 &> ?,+'(,(' 6M2(()< +)3 >*52*) 62(3< K(-&0'+'*= =,&' >&2-+'*&) 
*) 2(0?&)0( '& + 2(?('*'*I( I+0=1,+2 *)Z12J &> 'K( 0+?K()&10 I(*)# 8*=( /(2( *)Z(='(3 /*'K 
@$$ -MRPM &> 'K( ,(+3 8%D U =+)3*3+'(#  



/8BB345* MXL O)&=P &1' &> 'K( *)&0*'&, P*)+0( *) -*=( /+0 +00&=*+'(3 /*'K 2(31=(3 
M()(2+'*&) &> ?&,J% +)3 *)=2(+0(3 '+*, 5,((3*)M *)3*=+'*)M + 2&,( &> ?&,J% *) K(-&0'+0*0# XKJ 
3&(0 +) *)K*5*'&2 &> ?&,J% )&' =+10( 0*-*,+2 5,((3*)Ml cmD *0 +,0& 2(]1*2(3 >&2 K(-&0'+0*0 *) 
K1-+)0# 

&3;G84;3K X( 'K+)P 'K( 2(I*(/(2 >&2 52*)M*)M 1? 'K*0 ?&*)'# D) 'K( M,&5+, D%GO" P)&=P&1' 
-&10(F 'K( (>>(='0 +2( ,*P(,J )&' ,*-*'(3 '& ?&,J% ,(I(,0 *) ?,+'(,('0# NK( ?&'()'*+, (>>(='0 &> 
2(31='*&) &> ?&,J% ?2&31='*&) &) 0J0'(-0 &'K(2 'K+) K(-&0'+0*0 K+0 )&' 5(() (Q'()0*I(,J 
(Q?,&2(3# c12'K(2-&2(F D%GO" *0 + P*)+0( >&2 ?2&31='*&) &> D%_ +)3 D%U 6/K*=K +2( 
'K(-0(,I(0 0*M)+,*)M -&,(=1,(0<F +)3 *' *0 P)&/) 'K+' M,&5+, P)&=P&1' &> D%GO" *) -*=( K+0 
-1,'*?,( (>>(='0 &) M,1=&0( K&-(&0'+0*0F 3*+5('(0 010=(?'*5*,*'JF ('=# \&F 0&-( &> 'K( 
&50(2I(3 (>>(='0 *) 'K*0 P)&=P[&1' -&3(, =&1,3 K+I( 5(() 1)2(,+'(3 '& ,&/(2 +-&1)'0 &> 
?&,J%#  e),*P( 'K( D%GO P)&=P &1'F /K(2( 'K(2( *0 0*M)*>*=+)' 2(31='*&) *) 'K( ?&,J% M()(2+'(3 
*) ?,+'(,('0 +)3 (,0(/K(2(F /( +2( )&' 3(=2(+0*)M 'K( ?&,J% K(2( *) ?,+'(,('0 &2 &'K(2 =(,,0# 
H+'K(2F /( +2( )(1'2+,*4*)M ?&,J% /K*=K *0 2(,(+0(3 >2&- 'K( ?,+'(,('0 *)'& 'K( 5,&&3 312*)M 
'K( ?,+'(,(' +='*I+'*&) 'K+' &==120 *) 2(0?&)0( '& *)Z12J# \*)=( ?&,J% *0 )&' + &0'>>-0 &> 
K(-&0'+'*= ?2&=(00(0F 51' 2+'K(2 +) -",#"(-0 &> 0&-( &> 'K( 0'(?0 &> 'K( =&+M1,+'*&) 
=+0=+3(F 'K2&-5*) 6+)3 0150(]1()',J >*52*)< +2( 0'*,, M()(2+'(3# A122()' 1)3(20'+)3*)M &> 
'K( 3*>>(2()=(0 5('/(() =&+M1,+'*&) *) K(-&0'+0*0 +)3 'K+' *) 'K2&-5&0*0 01MM(0' 'K+' 
0(I(2+, &> 'K( 0'(?0 *)>,1()=(3 5J ?&,J% =&)'2*51'( -&2( '& 'K2&-5&0*0 'K+) '& K(-&0'+0*0# 
X*'K 2(M+23 '& cmDF *' *0 '21( 'K+' *) K1-+)0 *' ?+2'*=*?+'(0 *) K(-&0'+0*0 1)3(2 0&-( 
=*2=1-0'+)=(0F 51' cmD 3(>*=*()=J *) -*=( *0 )&' +00&=*+'(3 /*'K +) +??2(=*+5,( 5,((3*)M 
?K()&'J?(# :) 'K( &'K(2 K+)3F ?K+2-+=&,&M*= '+2M('*)M &> cmD +??(+20 '& 5( ?2&'(='*I( *) 
5&'K +)*-+, -&3(,0 &> 'K2&-5&0*0 +)3 ?2(I()'*&) &> 'K2&-5&0*0 *) K1-+) ?+'*()'0# X( 
/&1,3 =&)0(]1()',J )&' (Q?(=' + -+2P(3 *)=2(+0( *) 5,((3*)M /K() )(1'2+,*4*)M ?&,J%#  

/8BB345*MdK*\(21- ,(I(,0 &> Sa; /(2( 10(3 +0 + -(+012( &> '&Q*=*'J# S*I(2 ()4J-(0 
0K&1,3 +,0& 5( -(+012(3# ;&/ +2( 8%D[?&,J% =&-?,(Q(0 2(-&I(3 >2&- 'K( =*2=1,+'*&)l  

&3;G84;3K D)>&2-+'*&) +5&1' ,*I(2 ()4J-(0 K+0 5(() +33(3 *) 'K( -+)10=2*?' 6c*M12( _ 
W@F Wb<# W\N +)3 WSN ,(I(,0 +2( 0*-*,+2 '& 'K( =&)'2&, +)*-+,0 01MM(0'*)M 'K(2( *0 )& ,*I(2 
'&Q*=*'J 

X( +)'*=*?+'( 'K+' 8%D U 0K&1,3 5( (Q=2('(3 ?2(3&-*)+)',J I*+ 'K( P*3)(J +0 *' *0 5(,&/ 'K( 
P*3)(J =,(+2+)=( ,*-*' 68%D U *0 n"$ Pa+<#  ;&/(I(2F /K() =&-?,(Q(3 /*'K ?&,J%F 'K( 
=,(+2+)=( 2&1'( -*MK' =K+)M(# X( ?,+) '& ?(2>&2- + ?K+2-+=&P*)('*=0 0'13J 10*)M 
2+3*&,+5(,(3 8%D U *) 'K( )(+2 >1'12( +)3 'K*0 0'13J *0 +)'*=*?+'(3 '& +)0/(2 'K(0( ]1(0'*&)0#  



,DOF63*X@*(8936<4=3*87*1R#*Z* D4*BD=3@*2S*1R#*Z*I363*I399* 58936<53:* D4*BD=3*<5*>DO>*
:8;3;@*2NE*2WE*2[Y*0?.*<=5DHD5PE*20(*<=5DHD5PE*2'(*<=5DHD5P* *) -*=(F 2(0?(='*I(,JF +>'(2 
*)Z(='*)M 8%D U *)'2+I()&10,J# 8*=( /(2( 0+=2*>*=(3 +>'(2 @Y K 6+=1'( 0'13J< 6)gY -*=( ?(2 
M2&1?<# -N< \=K(-+'*= 2(?2(0()'+'*&) &> -&10( =K2&)*= '&Q*=*'J -&3(,# c(-+,( BWSBR= -*=( 
*) M2&1?0 &> Y /(2( +3-*)*0'(2(3 (*'K(2 0+,*)( &2 (0=+,+'*)M 3&0(0 &> 8%D UF 1? '& 7$$ -MRPM# 
8*=( /(2( -&)*'&2(3 3+*,J +)3 5&3J /(*MK'0 /(2( -(+012(3# W>'(2 "7 3+J0F 0(21- /+0 
=&,,(='(3 >2&- 0+=2*>*=(3 -*=( +)3 +)+,J4(3 >&2 Sa; ,(I(,0# 8*=( *)Z(='(3 /*'K 8%D U 0K&/(3 
)& 0*M)*>*=+)' =K+)M( *) 5&3J /(*MK' =&-?+2(3 '& -*=( *)Z(='(3 /*'K 0+,*)( +)3 )& *)=2(+0( 
*) Sa; ,(I(,0# -W< AK+)M( *) 5&3J /(*MK' &I(2 "7 3+J0# -[S Sa; +='*I*'J#  /< H(?2(0()'+'*I( 
0'+*)(3 6;o^< *-+M(0 &> &2M+)0 =&,,(='(3 >2&- -*=( *)Z(='(3 6'?@?< /*'K 7$$ -MRPM 8%D U# 
9& +5)&2-+,*'*(0 /(2( 0(() *) 'K( K(+2'F ,1)M0F ,*I(2 +)3 P*3)(J0 &> -*=( +3-*)*0'(2(3 /*'K 
7$$ -MRPM 8%D U =&-?+2(3 '& 'K( 0+,*)( =&)'2&,# 





&3;G84;3K X( 'K+)P 'K( 2(I*(/(2 >&2 =+2(>1,,J 2(+3*)M 'K( -+)10=2*?' +)3 K*MK,J ?&0*'*I( 
=&--()'0 &) &12 -+)10=2*?'#  

/8BB345*MNK  W==&23*)M '& 'K( D\: )&2- [ (#M# "$``b[YF B*&,&M*=+, (I+,1+'*&) &> -(3*=+, 
3(I*=(0 [ %+2' YL \(,(='*&) &> '(0'0 >&2 *)'(2+='*&)0 /*'K 5,&&3 [ K(-&=&-?+'*5*,*'J '(0'*)M 
*)=,13(0 +)+,J0(0 &> 5,&&3 ?,+'(,(' +)3 ,(1=&=J'( +0 /(,, +0 =&-?,(-()' +='*I+'*&)# 9&)( 
&> 'K(0( 2(=&--()3(3 '(0'0 /(2( =&)31='(3 *) 'K*0 0'13J# NK10F D 2(=&--()3 0?(=*>J*)M 
'K( '(2-0 10(3 '& 3(0=2*5( 'K( =&)31='(3 +)+,J0(0 -&2( ?2(=*0(,J# NK( 0+-( +??,*(0 '& 
qB*&=&-?+'*5*,*'Jr# 
NK( +1'K&20 0'+'( q01?(2*&2 K(-&=&-?+'*5*,*'Jr# 
D) -J I(2J ?(20&)+, &?*)*&)F 01?(2,+'*I(0 0K&1,3 5( +I&*3(3 *) + 0=*()'*>*= -+)10=2*?' '& 
()012( +) +??2&?2*+'( 0=*()'*>*= 3*0=100*&)# 

&3;G84;3K  X( K+I( 2(I*0(3 &12 -+)10=2*?' +)3 2(-&I(3 'K( 10( &> 01?(2,+'*I(0#  D) 
+33*'*&) '& 'K( 0'13*(0 3(0=2*5(3F /( ?,+) '& ?(2>&2- ,(1P&=J'( +)3 =&-?,(-()' +='*I+'*&) 
0'13*(0 &) 'K( ,(+3 -&,(=1,( *) + >1'12( ?15,*=+'*&)F *) &23(2 '& K+I( + =&-?,('( 3(0=2*?'*&) 
&> K(-&=&-?+'*5*,*'J &> 'K( -&,(=1,(# 

/8BB345*MWK %,(+0( 3(0=2*5( /K*=K -(=K+)*0-0 -*MK' -( 2(0?&)0*5,( >&2 'K( 2(31=(3 
5,((3*)M '*-( 68%D U p "$$F 8%D UF b$$< *) 'K( -&10( -&3(,# NK( 3*>>(2()=(0 +2( )&' 
0*M)*>*=+)'F K&/(I(2F + '()3()=J *0 =,(+2,J *)3*=+'(3# 

&3;G84;3K* * A&)0*3(2*)M 'K*0 =&--()'F /( K+I( ?(2>&2-(3 +33*'*&)+, 5,((3*)M 
-(+012(-()'0 10*)M 0+?K()&10 I(*) K(-&0'+0*0 -&3(, *) -*=( /*'K 8%D U# :12 3+'+ M*I() 
*) c*M12( G 01??&2'0 'K+' 8%D U 3&(0 )&' *)=2(+0( &2 3(=2(+0( 5,((3*)M '*-( 01MM(0' 'K+' 
'K*0 -&,(=1,( *0 )&' =K+)M*)M K(-&0'+0*0#  *

:)( &> 'K( -(=K+)*0-0 5J /K*=K =&)I()'*&)+, ?&,J=+'*&)0 01=K +0 ?2&'+-*)(F *)=2(+0( 
5,((3*)M 2*0P 5J 3(=2(+0*)M 'K( 'K2&-5*) M()(2+'*&) 5J *)K*5*'*)M c+='&2 . +='*I+'*&)# 8%D U 
3*3 )&' *)31=( 5,((3*)M (I() +' 'K( K*MK(0' =&)=()'2+'*&)0 '(0'(3 ?&00*5,J 31( '& 'K( >+=' *' 
3&(0 =K+)M( >1)='*&) &> =&+M1,+'*&) ?2&'(*)0# NK( ,&/ =K+2M( 3()0*'J &> 8%D U +' 
?KJ0*&,&M*=+, ?; 31( '& 'K( 0-+2' ?2&'&)+'*&) 5(K+I*&2 &> +''+=K(3 ABC DD +)3 'K( 
?,+=(-()' &> ABC0 /*'K*) 'K( ()M*)((2(3 -%^C 5210K &) 'K( ?&,J-(2 0=+>>&,3 'K+' +='0 '& 
,*-*' )&)0?(=*>*= 5*)3*)M *)=2(+0(0 *'0 5*&=&-?+'*5*,*'J +)3 0(,(='*I*'J# 

X( K+I( +33(3 'K*0 *)>&2-+'*&) *) 'K( 2(01,'0 +)3 *) 3*0=100*&) ?+2'#  %,(+0( ?+M( "@#  



,DOF63* d@* 1R#* Z* :83;* 485* D4:F=3* C933:D4O* D4* BD=3@* 2S* .DO>* :8;3;* 87* 5>3* 93<:* 1R#*
=<4:D:<53;*:8*485*=<F;3*C933:D4O*D4*BD=3@ 2NS \=K(-+'*= 2(?2(0()'+'*&) &> -&10( '+*, 
5,((3*)M -&3(, /*'K A7_RBSG -*=(# 2WS H(=&23(3 5,((3*)M '*-(# 8*=( /(2( *)Z(='(3 *) + 
5,*)3(3 0'13J /*'K 1? '& b$$ -MRPM &> ,(+3 8%D =+)3*3+'(0 +)3 3(-&)0'2+'(3 )& *)=2(+0( 
*) 5,((3*)M 0*3( (>>(='F *) =&)'2+0' '& -*=( +3-*)*0'(2(3 @$$ eRPM &> 1)>2+='*&)+'(3 K(?+2*)# 
) g U -*=( ?(2 M2&1?#  2[S ;(-&M,&5*) ,&0' 5J -*=(#*-S*1R#*Z*:D:*485*:3=63<;3*G9<53935*
63=6FD5B345* <4:* 7DC6D4* 786B<5D84* D4* >3B8;5<5D=* =985* 786B<5D84* <;;3;;3:* HD<*
;<G>348F;* H3D4* >3B8;5<;D;* B8:39@* k1+)'*'+'*I( +)+,J0*0 &> 'K( 3J)+-*=0 &> ?,+'(,(' 
+==1-1,+'*&) _-NS +)3 >*52*) >&2-+'*&) _-WS *) 2(0?&)0( '& I+0=1,+2 *)Z12J *) 0+?K()&10 
I(*)# -[S H(?2(0()'+'*I( *-+M(0 &> ?,+'(,(' 6M2(()< +)3 >*52*) 62(3< K(-&0'+'*= =,&' >&2-+'*&) 
*) 2(0?&)0( '& + 2(?('*'*I( I+0=1,+2 *)Z12J &> 'K( 0+?K()&10 I(*)# 8*=( /(2( *)Z(='(3 /*'K 
@$$ -MRPM &> 'K( ,(+3 8%D U =+)3*3+'(#  



/8BB345*M[K %,(+0( 3*0=100 *) 'K( -+)10=2*?' 'K( *)=2(+0( *) 'K( Sa; I+,1(0 +0 /(,, 6c*M 
7 Ab<# a(0?*'( 3*>>(2()=(0 +2( '()3()'*+, &),JF 'K( 3+'+ 0K&/ +) &1',*(2 *) 'K( 0+,*)( =&)'2&,F 
/K*=K -*MK' 5( 'K( 2(+0&) /KJ 3*>>(2()=(0 5('/(() 'K( 0+-?,(0 +2( )&' 0*M)*>*=+)'# 

&3;G84;3K* *%,(+0( 0(( 'K( )(/ >*M12( _#*NK( -(+012(-()' &> Sa; =+) 5( 0&-('*-(0 
'2*=PJ 31( '& K(-&,J0*0 *) 'K( 5,&&3 0+-?,(#  NK( I+2*+'*&) -*MK' 'K(2(>&2( 5( 31( '& 'K( 
0,*MK' =&)'+-*)+'*&) &> 'K( 0+-?,(#  NK( +-&1)' &> Sa; -(+012(3 *0 /*'K*) 'K( )&2-+, ,(I(,0 
0K&/) 5J -*=( &> 'K*0 +M(# :12 K*0'&,&MJ 3+'+ +,0& 01??&2'0 'K( )&'*&) 'K(2( *0 )& '*001( 
3+-+M(#  c12'K(2F /( +2( K(0*'+)' '& +33 +) +33*'*&)+, (Q?,+)+'*&) >&2 'K*0 3+'+ +0 'K( 
3*>>(2()=(0 /(2( )&' 0'+'*0'*=+,,J 0*M)*>*=+)'# X( ?,+) '& ?(2>&2- +33*'*&)+, '&,(2+)=( 
(Q?(2*-()'0 '& 01??&2' 'K*0 3+'+ *) >1'12(#  

X( K+I( 2([+)+,J4(3 'K( 3+'+ +>'(2 2(-&I*)M 'K( &1',*)(2F /K*=K 0K&/ )& 0*M)*>*=+)' 
3*>>(2()=( 5('/(() 'K( =&)3*'*&)0#  

X( K+I( +33(3 'K*0 *)>&2-+'*&) *) 'K( 2(01,'0#  

/8BB345*MXK W552(I*+'*&)0 01=K +0 WSN +)3 Sa; +2( )&' (Q?,+*)(3 *) 'K( -+*) '(Q'# \*)=( 
'K( 8+'(2*+, +)3 8('K&30 0(='*&) *0 ?2&I*3( +0 + \1??,(-()'F D 2(=&--()3 *)=,13*)M 'K( 
(Q?,+)+'*&)0 *) 'K( -+*) '(Q' +0 /(,,# 

&3;G84;3K**X( K+I( +33(3 'K*0 *)>&2-+'*&) *) 'K( -+*) '(Q'#*

/8BB345* MdK %,(+0( =&22(=' 'K( (22&2 -(00+M( *) 'K( "#"#" 8+'(2*+,0 +)3 H(+M()'0L 
NK( ?2&'&=&,0 >&2 0J)'K(0*0 &> e;HW UF e;HW "$ +)3 8%D0 0'13*(3 +2( ?2&I*3(3 *) "#"#@ 
+)3 'K( ?KJ0*=+, =K+2+='(2*0'*=0 +2( 0K&/) *) ^22&2s H(>(2()=( 0&12=( )&' >&1)3# Ba 
.+=1'+*)(2t A*'2+'( N15(0 =&)'+*)*)M b#@ h 51>>(2(3 0&3*1- =*'2+'( 0&,1'*&) /(2( 
?12=K+0(3 >2&- B(='&)F a*=P*)0&) +)3 A&-?+)J 69(/ T(20(JF e\W<# 

&3;G84;3K**X( +?&,&M*4( >&2 'K( (22&2#  X( K+I( =&22(='(3 'K*0 *) 'K( 2(I*0(3 -+)10=2*?'#  

/8BB345* M\L \(='*&) "#"#"#b B,&&3 =&,,(='*&) +)3 ?,+0-+ ?2(?+2+'*&) 
NK( +1'K&20 0'+'( qK(+,'KJ I&,1)'((2 3&)&20r# ;&/ /+0 'K( K(+,'K 0'+'10 &> 'K( K1-+) 
3&)&20 3('(2-*)(3l XK*=K /(2( 'K( *)=,10*&) =2*'(2*+ >&2 'K( 3&)&20l XK*=K '(0'0 /(2( 
=&)31='(3 '& (Q=,13( *)>,+--+'&2J ?2&=(00(0 +)3 +??2&?2*+'( K(-&0'+'*=R=(,, >1)='*&)l 
X(2( 'K( 3&)&2 3+'+ =&-?+2(3 /*'K 2(>(2()=( I+,1(0 >&2 +??+2()',J K(+,'KJ K1-+)0l NK( 
)1-5(2 &> 3&)&20 *)=,13(3 *) 'K( 0'13J 6)&' ?&&,(3 ?,+0-+< 0K&1,3 5( 0'+'(3 *) 'K( -+'(2*+,0 
+)3 -('K&30 0(='*&)# 

\&-( &> 'K(0( 3+'+ +2( +,2(+3J *) 'K( H(?&2'*)M \1--+2J# D 2(=&--()3 0'+'*)M 'K*0 *) 'K( 
-+)10=2*?' +0 /(,,# 

AK+2+='(2*4+'*&) &> 'K( 3&)&20 0K&1,3 *)=,13( 'K( =&,,(='*&) &> 3(-&M2+?K*= 3+'+F 3+'+ +5&1' 
'K( 2(=()' *)'+P( &> -(3*=+'*&)F 0?(=*+, )1'2*'*&) +)3 (Q'()0*I( ?KJ0*=+, +='*I*'J# %+2'*=*?+)'0 
0K&1,3 5( (Q=,13(3 >2&- 'K( 0'13J *> +)J &> 'K(0( *0 2(?&2'(3 '& +>>(=' 'K( K(-&0'+'*= 0J0'(- 
01=K +0 ?,+'(,(' >1)='*&) *)K*5*'&20F 3*+5('*= +)3 +,,(2M*= 3*0&23(20 +)3 2(0?(='*I( -(3*=+'*&) 
+0 /(,, +0 (Q=(00*I( =&)01-?'*&) &> =(2'+*) >&&3 &2 (Q'()0*I( 0?&2'0# c&2 'K2&-5&M()*=*'J 
+)3 K(-&=&-?+'*5*,*'J 0'13*(0F =K+2+='(2*4+'*&) &> 'K( 3&)+'(3 5,&&3 0K&1,3 =&-?2*0( (#M#F 
/K&,( 5,&&3 K+(-&M2+- 3+'+F +)+,J0*0 &> -+2P(20 &> +=1'( *)>,+--+'*&)F (#M#F A[2(+='*I( 
?2&'(*) ,(I(,0 +0 /(,, +0 '(0' >&2 ?,+'(,(' >1)='*&) >&2 +=K*(I*)M 2(?2&31=*5,( '(0' 2(01,'0# 



&3;G84;3K*X( K+I( +33(3 +)J +I+*,+5,( *)>&2-+'*&) +0 5(0' +0 ?&00*5,( *) 'K( -('K&30 
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+??2&+=K >&2 =&,,(='*)M ?,+0-+ 6&2 /K&,( 5,&&3< >&2 *) I*'2& (Q?(2*-()'0 *0 '& 1'*,*4( 
I&,1)'((20 /K& 2(?&2' )& 0*M)*>*=+)' 0(2*&10 *,,)(00(0F +)3 )& 2(=()' 10( &> -(3*=+'*&)0 'K+' 
(>>(=' ?,+'(,(' &2 =&+M1,+'*&) +='*I*'*(0# %,+0-+ *0 &>'() ?&&,(3 '& &I(2=&-( +)J *)3*I*31+, 
+5)&2-+,*'*(0 'K+' -*MK' 0P(/ 2(01,'0# 8*)*-+, 3(-&M2+?K*= 3+'+ *0 0&-('*-(0 =&,,(='(3 '& 
?2&I*3( '& 'K( D)0'*'1'*&)+, H(I*(/ B&+23 +)3R&2 &I(20((*)M >1)3*)M +M()=*(0# 9&'( 'K+' +0 
'K*0 /+0 )&' + =,*)*=+, 0'13JF 'K( (Q'()0*I( 3+'+ 'K+' 'K( 2(I*(/(2 K+0 2(]1(0'(3 /+0 )&' 
)(=(00+2J +)3 =&)0(]1()',J )&' =&,,(='(3# 
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

The authors have followed most of my recommendation and have improved the new version of the 
manuscript. Specifically, the combination of physicochemical studies with the biological assays have 
rendered an uncommon study that contains very interesting results, which has the potential to attract 

the attention of the wide readership of Nature Communications. I am now supporting acceptance of 
the manuscript in the current form. 

Reviewer #2 (Remarks to the Author): 

The authors have addressed most of my comments. However, I have several comments about the 

IVC stenosis data. 
1/ What protocol was used? The 2 references provide are a review and a paper that describes an IVC 

stasis model and an IVC electrolytic model. A detailed protocol should be provide because there are 
many variations of this model. Were side and/or back branches ligated or cauterized? Was the 
operator blinded to the groups? 

2/ It is stated that IVC ligation was performed approximately 18-24 hours after administration of MPI 8. 
Why was there such a wide range of times used? 

3/ There is a very small range of thrombus weights in the control group for this model. 
4/ Twenty mice were used for the experiment (10 per group). Thrombi were observed in 8/10 per 
group. However, the figure legend states that 2 outliers were removed. This is not consistent with the 

presence of 8 data points per group. It would be helpful to know the values of these 2 outliers and 
which group(s) there belonged to.



Response to reviewer’s comments: 

REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors have followed most of my recommendation and have improved the new version 
of the manuscript. Specifically, the combination of physicochemical studies with the 
biological assays have rendered an uncommon study that contains very interesting results, 
which has the potential to attract the attention of the wide readership of Nature 
Communications. I am now supporting acceptance of the manuscript in the current form. 

Response:  Thank you very much for re-reading our manuscript and the support.  

Reviewer #2 (Remarks to the Author): 

The authors have addressed most of my comments. However, I have several comments 
about the IVC stenosis data. 

Response:  Thank you very much for the support for this manuscript.  We very much 
appreciate your comments, and in the following paragraphs we address your individual 
comments.  

Comment #1/ What protocol was used? The 2 references provide are a review and a paper 
that describes an IVC stasis model and an IVC electrolytic model. A detailed protocol should 
be provide because there are many variations of this model. Were side and/or back 
branches ligated or cauterized? Was the operator blinded to the groups?  

Response:  In light of this comment. We have added additional information in the 
experimental section and added an additional reference.  



Kimball AS, Obi AT, Luke CE, Dowling AR, Cai Q, Jankowski H, Schaller M, Jaffer FA, 
Kunkel S, Gallagher K, Henke PK. Ly6Clo monocyte/macrophages are essential for 
thrombus resolution in a murine model of venous thrombosis. Thrombosis Haemostasis

2020;120:289-99. PMID 31887775 

This reference has been added as Ref. 47 in the main text.  

‘Twenty male C57BL/6 mice were used to investigate the effect of MPI 8 on venous 
thrombogenesis. Alzet 1003D micro osmotic pumps (Cupertino, CA) were placed in a 
subcutaneous location to deliver MPI 8 (n=10) or control vehicle (n=10) at a rate of 100 ug/hr 
approximately 18-24 hours prior to venous thrombosis (VT) induction. The St. Thomas 
Stenosis Model to induce VT was performed using a 30g needle spacer and ligation of side 
branches, but not back branches, as described (Reference: PMID 30786739 and PMID 
31887775). The dosage times vary because the installation time of the Alzet pump is much 
less than the stenosis surgery time. Harvest of the thrombosed IVC segment for analysis 
was at 48 hours.’  

The surgeon was not blinded for the study.  

This information has been added in the methods section (supplementary information) 

Comment #2/ It is stated that IVC ligation was performed approximately 18-24 hours after 
administration of MPI 8. Why was there such a wide range of times used?  

Response:  See the response to the comment # 1 above.   Since we have used micro 
osmotic pumps to administer the MPI-8.  To achieve the steady state of MPI-8 and to avoid 
the complication of inserting the pump before venous thrombosis (VT) induction.  This has 
been clarified in the experimental details.  

Comment #3/ There is a very small range of thrombus weights in the control group for this 
model. 

Response:  Thanks for this comment. Based on our experience, the weight of the thrombus 
is not unusual.   The procedure is performed by a highly experienced surgeon with 
experience in this model.  We are highly confident of the data provided.  

Comment #4/ Twenty mice were used for the experiment (10 per group). Thrombi were 
observed in 8/10 per group. However, the figure legend states that 2 outliers were removed. 
This is not consistent with the presence of 8 data points per group. It would be helpful to 
know the values of these 2 outliers and which group(s) there belonged to.  

Response:  The outliers removed were not data outliers, they were model outliers where 
no clot was formed in the IVC. The stenosis model has variable clot generation due to flow 
in the IVC. The observation is quite natural.  This has been explained in the figure caption.  



Figure caption was modified as  

Fig 5: C) MPI 8 treatment inhibits thrombus formation in inferior vena cava thrombosis 
model. C1) a cartoon representation of the mouse model. C2) Thrombus weights of 
untreated (vehicle control) and treated (MPI 8) mice. After removal of 2 outliers per group, 
due to a lack of clot formation, data were statistically significantly different at p = 0.0003 in 
an unpaired T-test with Welch’s correction. 



REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author): 

The authors have addressed my concerns.


