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after conventional treatment . Transfused sickle cells selec 
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flow to these oxygen - deprived pockets leading to tumor cell 
death and complete shrinkage of aggressive lung tumors . 
Combining the sickle cells with a vascular disrupting agents 
and radiation injure and narrow tumor blood vessels , ampli 
fied the scale of sickle cell - induced blood vessel closure and 
tumor cell killing . The strength of the tumor killing pro 
duced this combination exceeded that of either agent 
alone or combined with conventional anti - angiogenics , che 
motherapy or radiation . Combinatorial sickle cells - Com 
bretastatin treatment thereby constitutes a major advance 
toward eradicating treatment - resistant tumor cells and 
reducing the frequency of lung cancer recurrence . 
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COMPOSITIONS AND METHODS FOR 
TREATMENT OF CANCER 

CROSS REFERENCE TO RELATED 
DOCUMENTS 

[ 0001 ] The instant application claims priority to U.S. 
provisional patent application Ser . No. 62 / 820,747 filed on 
Mar. 16 , 2019. Provisional application Ser . No. 62 / 820,747 
is incorporated in entirety by reference with its references . 
All references cited in the instant application and their 
references are incorporated in entirety by reference . 

BACKGROUND OF THE INVENTION 

African bush willow tree , Combretum caffrum . It binds to 
tumor endothelial B - tubulin subunits , inhibits microtubule 
formation and induces cytoskeletal alterations leading to 
vascular collapse , blood stasis , focal hypoxia , and ischemic 
tumor cell necrosis ( Tozer G M et al . , Nat Rev Cancer . 2005 ; 
5 ( 6 ) : 423-435 ) . Despite these potent effects , CA - 4 and its 
diphosphate derivative fail to eliminate viable tumor cells at 
the tumor rim resulting in rapid tumor regrowth ( Siemann D 
W Cancer Treatment Rev. 2011 ; 37 ( 1 ) : 63-74 ) . Combining 
CA - 4 with other therapeutics , such as radiation , cytotoxics , 
anti - angiogenics and biologics failed to the alleviate the 
peripheral tumor regrowth in murine tumor models ( Sie 
mann D W et al . , Anticancer Res . 2008 ; 28 ( 4B ) : 2027-2031 ; 
Clémenson C et al . , Crit Rev Oncol Hematol . 2013 ; 86 ( 2 ) : 
143-160 ) ) . 
[ 0005 ] We hypothesized that CA - 4's selective induction of 
tumor endothelial cell injury , blood stagnation , hypoxia 
could create a microvascular milieu wherein SSRBCs could 
efficiently deoxygenate , form microaggregates and induce a 
broad scale of tumor vessel closure and infarction . Such 
massive vaso - occlusion - infarction could not only encom 
pass hypoxic niches , but also the treatment - resistant tumor 
rim . To this end , we introduce hypoxia - reactive SSRBCs as 
a new therapeutic whose physiologic adaptation to CA - 4 
induced tumor blood stasis and microvascular hypoxia 
results in an unprecedented scale of tumor microvessel 
closure and infarction that obliterates treatment - resistant 
hypoxic niches and the tumor rim . The SSRBCs - CA - 4 
regimen produced complete tumor regressions whereas each 
therapeutic alone or combined with conventional anti - an 
giogenics , cytotoxics or radiation resulted in tumor progres 
sion . Collectively , these findings provide conceptually new 
tools , mechanisms and strategies whereby drug - induced 
tumor endothelial remodeling licenses broad propagation of 
SSRBC - mediated vessel closure culminating in tumor eradi 
cation . 

SUMMARY OF INVENTION 

[ 0002 ] Hypoxic tumor niches and their underlying 
molecular axes have been a chief targets of molecular cancer 
therapeutics . Of paramount concern to investigators is that 
such niches are associated with resistance to conventional 
cancer treatment and their persistence is a major cause of 
tumor recurrence ( Wilson WR , Hay M P. Nat Rev Cancer . 
2011 ; 11 ( 6 ) : 393-410 ) . Under hypoxic conditions within 
tumors , conserved oxygen sensors activate hypoxia - induc 
ible transcription factors and pro - angiogenic signals ( Kerbel 
RS . N Engl J Med . 2008 ; 358 ( 19 ) : 2039-2049 . ) . The latter 
induce a disordered network of blood vessels resulting in 
cyclic or chronic deoxygenation ( Pries AR , Nat Rev Cancer . 
2010 ; 10 ( 8 ) : 587-593 ) . As tumor growth outscales neoangio 
genesis , tumor cells rendered chronically hypoxic may sur 
ve , proliferate and become treatment resistant Brunelle 
K , Chandel N S , g Drug Resist Updat . 2010 ; 13 ( 1-2 ) : 16-28 ) . 
[ 0003 ] The failure of conventional treatment has prompted 
a universal search for conceptually new tools and strategies 
to eradicate these treatment - resistant hypoxic tumor cell 
subpopulations . Anti - angiogenic agents that limit the tumor 
blood supply to these niches by targeting receptors on 
embryonic blood vessels usually lead to tumor regrowth by 
activation of alternate synthetic pathways , hypoxia inducible 
factors or tumor cells that evade the effect of therapy 
( Abdollahi A , Folkman J Drug Resist Updat . 2010 ; 13 ( 1 
2 ) : 16-28 ) . Likewise , polymeric nanocarriers occlude only a 
fraction of mature tumor blood vessels and in the absence of 
hypoxia sensing systems fail to access oxygen deprived 
regions ( Vasuri F , et al . World J Gastroenterol . 2014 ; 20 ( 37 ) : 
13538-13545 ) . We therefore turned to the sickle erythrocyte 
( RBCderived from a mutated erythrid lineage . These 
cells circulate freely and possess a unique hypoxia - sensing 
functionality which becomes operative under severely 
hypoxic conditions in low velocity microvessels ( Manwani 
D , Frenette P S Blood . 2013 ; 122 ( 24 ) : 3892-3898 ) . SSRBCs 
are trapped in these vessels leading to HbS desaturation , 
polymerization and formation oftetramerspicules render 
ing them rigid , adhesive and prone vaso - occlusive aggre 
gation Bala SK , Mohandas NMicrocirculation . 2004 ; 
11 ( 2 ) : 209-225 ) . Intravital microscopy observations show 
that infused SSRBCs home to established tumor , form 
aggregates in tumor vessels and induce focal vessel closure . 
Together with pro - oxidants or oncogenic virus , SSRBCs 
also produce a therapeutic tumor growth delay but fail to 
produce complete tumor regressions ( Terman D S , et al . 
PLoS One . 2013 ; 8 ( 1 ) : e52543 ) . 
[ 0004 ] In search of agents that could increase the effi 
ciency and sale of RBC - mediated tumor killing , we 
turned to the vascular disruptant Combretastatin A4 
( AVE8062 or CA - 4 ) . The latter is derived from the South 

[ 0006 ] Hypoxic tumor niches are chief causes of treat 
ment - resistance and tumor recurrence . Sickle erythrocytes ' 
( SSRBCs ' ) intrinsic oxygen - sensing functionality empow 
ers them to access such hypoxic niches , wherein they form 
microaggregates , that induce focal vessel closure . In search 
of measures to augment the scale of SSRBC - mediated tumor 
vaso - occlusion , we turned to the vascular disruptant Com 
bretastatin A - 4 ( CA - 4 ) . CA - 4 induces selective tumor 
endothelial injury , blood stasis and hypoxia , but fails to 
eliminate peripheral tumor foci . Here we show that intro 
duction of deoxygenated SSRBCs into tumor microvessels 
treated with CA - 4 and sublethal radiation ( SR ) produces a 
massive surge of tumor vaso - occlusion and broadly propa 
gated tumor infarctions that engulfs treatment - resistant 
hypoxic niches and eradicates established lung tumors . 
Tumor regression was corroborated by significant treatment 
effect histologically . Treated tumors displayed disseminated 
microvessels occluded by tightly - packed SSRBCs along 
with widely distributed pimidazole - positive - hypoxic tumor 
cells . Humanized HbS knockin mice ( SSKI ) , but not in HbA 
knockin mice ( AAKI ) showed a similar treatment response 
underscoring SSRBCs as the paramount tumoricidal effec 
tors . Thus , CA - 4 - SR - remodeled tumor vessels license 
SSRBCs to produce an unprecedented surge of tumor vaso 
occlusion and infarction that envelops treatment - resistant 
tumor niches resulting in complete tumor regression . These 
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innovative tools , strategically deployed , thereby constitute a 
major conceptual advance with compelling translational 
potential . 

FIGURE LEGENDS 

[ 0007 ] FIG . 1. Brightfield and corresponding hemoglobin 
saturation ( HbSat ) images of an established Caki - 1 tumor 
before and after CA - 4 administration . ( A , D , G ) Pretreatment 
images show original vascular structure with Hb saturation 
of < 10 % enveloping 38 % of the tumor area . ( B , E , G ) Four 
hours after CA - 4 administration , tumor vessels in the tumor 
exhibit vascular collapse ( circle , compare B and A ) associ 
ated with Hb saturation of < 10 % covering 64 % of the tumor 
area ( ** p = < 0.000002 compared to pre - treatment values ) . 
( C , F ) Forty - eight hours after CA - 4 administration core ves 
sels show oxygenation recovery with Hb saturation < 10 % 
engulfing 24 % of the tumor surface ( * p = 0.00005 and 
*** p = < 0.000001 compared to pretreatment and 4 - hour post 
treatment levels respectively , Student's t - test two - tailed ) . 
Images were obtained at x2.5 magnification with image 
dimensions of 4.15x3.125 mm . The color scale shows % 
HbSat values . n = 5 separate readings of Hb saturation < 10 % 
using the Image J software to determine % tumor area . 
[ 0008 ] FIG . 2. Fractional uptake of pimidazole ( hypoxic 
fraction ) in sections of LLC in C57BL / 6 mice obtained on 
day 14 after treatment with tumor SR ( 10 Gy ) to the tumor 
on day 12 followed by CA - 4 plus passive infusion of 
SSRBC or AARBC on day 13 as described in Methods . ( A ) 
Pimidazole uptake in LLC cells in untreated mice and ( B ) in 
mice treated with SSRBC - based triple therapy is shown . C ) 
hypoxic fraction in tumor sections after treatment with 
SSRBC - based triple therapy exceeded that of AARBC 
based triple therapy and the combination of sublethal radia 
tion plus CA - 4 treatment . ( ** p < 0.0009 ) . Hypoxic fraction of 
radiation plus CA - 4 combined exceeded that of all other 
dual or single treatments ( ** p = < 0.001 ) . Hypoxic fraction in 
mice treated with SSRBC - based triple therapy also exceeded 
that of mice receiving all other treatments ( * p < 0.0001 , 
Student's t - test two - tailed ) , n = 3 . Diaminobenzidine ( DAB , 
Scy Tek Laboratories , Logan , Utah ) was used as the chroma 
gen . The area showing pimidazole staining was determined 
using the Image - J software ( NIH , Bethesda , Md . ) and the 
analyses performed at x10 magnification . Fractional area of 
pimidazole positivity was computed as a percentage of the 
total tumor area . Fraction of immunohistochemically 
hypoxic cells ( IHF ) was calculated as : IHF = AF pim / Atotal 
where AF is the fraction showing pimonidazole staining 
and Atotal is the total tumor area . 
[ 0009 ] FIG . 3. Histopathology and quantitation of vaso 
occlusion in sections of LLC in C57BL / 6 mice obtained on 
day 14 after treatment with tumor SR ( 10Gy ) on day 12 
followed by CA - 4 plus passive infusion of SSRBC or 
AARBC on day 13 as described in Methods . Tumor sections 
from mice receiving SSRBC - based triple therapy shows ( A ) 
disseminated tumor vaso - occlusion , adjacent tumor cell 
necrosis and mononuclear cell infiltration ( x10 mag . ) ; ( B ) 
clustered tumor vessel occlusions surrounded by mononu 
clear cells ( ~ 25 mag . ) ; ( C ) tumor vessels with tightly packed 
sickle cells ( x40 mag . ) ( D ) shows extensive vaso - occlusion 
with mononuclear cell infiltration engulfing the tumor 
periphery ( x25 mag . ) . ( E ) demonstrates that the number of 
occluded tumor microvessels after treatment with SSRBC 
based triple therapy exceeded that of similar AARBC - based 
triple therapy ( ** p = 0.00009 ) and all dual and single treat 

ments ( * p < 0.0001 , Student's t - test two - tailed ) . n = 3 . Tumor 
vaso - occlusion was quantitated in tumor sections by enu 
merating the total number of occluded microvessels in 40 
fields at x40 magnification . Microvessels were considered 
occluded when at least 80 % of the vessel lumen was filled 
with erythrocytes . 
[ 0010 ] FIG . 4. Ki67 uptake in sections of LLC in C57BL / 6 
mice obtained on day 14 after treatment with tumor SR 
( 10Gy ) on day 12 followed by CA - 4 plus passive infusion of 
SSRBC or AARBC on day 13 as described in Methods . ( A ) 
Nuclear Ki67 uptake by LLC cells , an indicator of mitoti 
cally active tumor cells , from untreated mice and ( B ) in mice 
treated with SSRBC - based triple therapy is shown . ( C ) Ki67 
uptake in tumor sections after one cycle of SSRBC - based 
triple therapy was diminished relative to that of AARBC 
based triple therapy ( ** p < 0.0001 , Student's t - test two 
tailed ) and all dual and single treatments ( * p < 0.0001 , n = 3 ) . 
Ki - 67 immunopositive cells were quantitated tumor sections 
in 30 separate fields at x40 magnification . 
[ 0011 ] FIG . 5. Regression of established LLC in C57BL / 6 
mice obtained on day 22 after treatment with tumor SR 
( 10Gy ) on day 12 followed by CA - 4 plus passive infusion of 
human or mouse SSRBCs ( triple therapy ) on days 13 , 15 and 
18 as described in Methods . ( A ) Tumor regression with 
human or mouse SSRBC - based triple agent therapy 
exceeded that of human AARBC - based triple agent therapy 
( * p = 0.008 ) , mouse AARBC - based triple therapy ( * p = 0 . 
009 ) , and all other dual and single treatments ( ** p < 0.009 , 
Student's t - test two - tailed ) . n = 6 . ( B , C ) Histopathology of 
tumor sections obtained on day 22 from mice treated with 
SSRBC - based triple therapy shows extensive tumor vaso 
occlusion and surrounding necrosis enveloping the tumor 
rim associated with mononuclear cell infiltration ( x25 mag . ) . 
[ 0012 ] FIG . 6. Residual viable LLC in sections from mice 
bearing established LLC obtained on day 22 after treatment 
with tumor SR ( 10Gy ) on day 12 followed by CA - 4 plus 
passive infusion of human or mouse SSRBCs ( triple 
therapy ) on days 13 , 15 and 18 as described in Methods . 
Residual tumor in mice treated with mouse or human 
SSRBC - based triple agent therapy was significantly dimin 
ished relative to that of mice treated with mouse or human 
AARBC - based triple therapy ( ** p = 0.001 and *** p = 0.003 
respectively ) . Residual tumor in mice treated with mouse or 
human SSRBC - based triple agent therapy was also signifi 
cantly reduced relative to mice receiving dual or single 
treatments ( * p < 0.0001 , Student's t - test two - tailed ) . n = 3-4 . 
FIG . 7. Regression of established LLC in SSKI or AAKI 
mice obtained on day 20 after treatment with tumor SR 
( 10Gy ) on day 12 followed by CA - 4 on days 13 , 15 and 18 
as described in Methods . ( A ) Tumor regression in SSKI 
mice exceeded that of similar therapy in AAKI mice ( * p = 0 . 
01 ) and all other dual and single treatments ( ** p < 0.008 , 
Student's t - test two - tailed ) . n = 6 . ( B ) Histopathology of 
tumor sections obtained from SSKI mice at day 20 after 
treatment with SR ( 10Gy ) on day 12 followed by CA - 4 on 
days 13 , 15 and 18 shows extensive tumor vaso - occlusion 
( arrows ) and infarction enveloping the core and tumor 
periphery ( x25 mag . ) . ( C ) Representative tumor blood ves 
sel occluded with tightly packed sickle cells ( x40 mag . ) . ( D ) 
Tumor cell necrosis , mononuclear cell infiltrate adjacent to 
occluded blood vessels is shown ( x40x mag . ) . 
[ 0013 ] FIG . 8. Quantitation of vaso - occlusion and residual 
viable tumor in sections of established LLC obtained on day 
20 from in SSKI and AAKI mice after treatment with tumor 
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