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αβT subsets addressing terminal cancer cells, yet unable 
to address CSC subsets which keep resistant to MHC-
restricted anticancer reactivity [ 27 ]. Nonetheless, γδT cells 
could exhibit MHC-unrestricted lytic activity against certain 
tumor cells, suggesting their potential for tumoricidal 
therapy. Unfortunately, innate γδT cell repertoire is too 
limited to eliminate renewable heterogeneous cancer cells. 

 Depletion of thymus-based central and peripheral 
immune networks is the crucial mechanism shared by 
advanced cancer and many other immune-defi ciency 

disorders. Just as endogenous thymus provides 
superior central-microenvironment for the evolutionary 
development of renewable T-cell subsets [ 8 ], so cancer 
stem-pool as hotbed for progression, metastasis, 
multitherapy-resistance or re-evolution of renewable 
heterogeneous cells [ 4 ]. Perhaps, fl exible biologics in 
3D mode, ameliorated from renewable pluripotent-cells, 
may provoke central-microenvironment for unique 
immune renewal aiming at the constantly evolving CSCs 
[ 2 ,  27 ], maybe leading to complete CSC elimination 

 Figure 5:    Abolition of migrating CSCs.    A.  Detection for sentinel LNs prior to metastasis establishment indicated that there were 
many migrating CSCs ( arrows , the self-selected subsets bearing metastatic potential with positive expression for CD44, CD133 and 
MUC-1) swimming in natural lymph fl uid of  in vivo  dilative lymph sinus in Control groups. Yet such migrating CSCs have retrogressed or 
vanished in the lymph sinus of SLN in PMSB group.  B.  Histomorphometry demonstrated plentiful CSCs with migrating potential in the 
lymph sinuses of SLN in control group, yet only few or hardly such migrating CSCs in the SLN of PMSB groups (* P  < 0.05; ** P  < 0.01; 
*** P  < 0.005 versus control groups).   
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and cancer cure. However it is hard to trigger thymus 
from retrogression into integral regeneration via routine 
procedure, especially for old patients with advanced 
tumors to extricate from thymic-retrogression background. 

 In this work, PMSB could drive the withered 
thymus of senile hosts into evolutionary regeneration 
and development, with central microenvironment 
reprogramming endogenous molecule re-expression 

 Figure 6:    Renewal of peripheral immune microenvironment.    A.  Immunofl uorescence assay reveals numerous CD4/CD8 
positive subsets ( arrows ) in spleens of PMSB groups ( P  < 0.01 versus Control group), indicating integrative resuscitation of peripheral 
defense loop following central immune renewal.  B.  No microscopic toxic and cell-deposited clinical or pathologic indications in livers and 
lungs are detected in PMSB-inoculated groups. No metastasis was found in the lungs of PMSB-inoculated groups; yet there are visible 
metastases around the lung blood vessels in over 90% of hosts of Control group ( arrows , lower panel).  C.  Body weight curves of PMSB-
inoculated groups keep paralleling closely that of Control group, with no signifi cant differences among them. All animals thrive after PMSB 
vaccination, as well as no evidence of autoimmunity, indicating lack of toxicity-correlated weight loss in PMSB-inoculated hosts ( P  > 0.05).   
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for γδT-repertoire undergoing rapid renewal of MHC-
unrestricted immunocompetence to aim at the constantly 
evolving CSC subsets. Subsequently, both  in situ  and 
migrating CSCs were evidently depleted by the PMSB-
remodeled γδT-subsets binding and directing into 
apoptosis. Especially, PMSB-dominated pluripotent 
tumoricidal-reactivity, just as expected, could lead to 
ultimate cure of various tumors covering mammary, lung, 
colon carcinomas and melanoma. 

 Thus far, there is still no report describing 
accurate binding and effi cient killing of resistant 
CSCs by pluripotent cells-engineered 3D-biologics. 
Comprehensive inspections, therefore, are necessary 
for elucidating anti-CSC microenvironment dynamics 
in PMSB-dominated tumoricidal-resistance reversal. 
Cumulative data have revealed that integrative 
molecule/cell collaboration is involved in immune 
microenvironment renewal. IFN-γ production, as 
shown by magnetic bead microarray, is correlated with 
RANTES/MIG/IP-10 in that depleting these cytokines 
causes a signifi cant decrease of IFN-γ; where blockade 
of IFN-γ also elicits an obvious decrease in RANTES/
MIG/IP-10. Still, tumor-free induction by PMSB could be 
mostly terminated by blockade of IP-10, MIG, RANTES 
and IFN-γ; or could be partly diminished by T/NK-
cell depletion. It is well known that macrophage M1 is 
considered anti-tumor, whereas M2 is pro-tumor and 
pro-resistance to chemotherapy. FACS has revealed an 
enhanced level of M1-subset (CD80 + ) versus M2-subset 
(CD163 + ) in PMSB groups. Particularly, MIG/IP-10 could 
chemoattract T/NK and M1 by CXCR3 expressed on 
activated/memory T/NK [ 33 ]; whereas RANTES induces 
γδT migration to tumor sites. Thus, PMSB-dominated 
tumoricidal-reactivity to refractory CSCs would be 
substantially enhanced by joint renewal and elaboration 
among IFN-γ/IP-10/MIG/RANTES molecule and M1/
NK/γδT cellular integrative microenvironments. 

 Since central immune retrogression with peripheral 
T-subsets depletion is the shared key mechanism among 
progressive cancer and many immune-defi ciencies 
covering aging procedures and AIDS, our study may 
illuminate a prospective pathway to resolve current 
therapeutic dilemma for such disorders via evoking the 
comprehensive renewal of  in vivo  central-thymus and 
peripheral immune-microenvironment. 

   MATERIALS AND METHODS 

  PMSB preparation 

 Placenta tissues were obtained after informed 
consent and mechanically minced into approximately 1–2 
mm 3  and digested by collagenase II for 30 min at 37°C. 
The mononuclear cells were collected and fi ltered through 
a 70-mum nylon mesh (BD Biosciences) and separated 
via percoll density gradient centrifugation to weed out 

unwanted cells. Then selected cells were suspended in 
low-glucose DMEM supplemented with 15% FBS, 10U 
bFGF, 2 m M  L-glutamine and 0.1 mg Amikacin/ml at 
an initial seeding density of 5 × 10 5  cells/ml. Two days 
later, the nonadhesive cells were removed by washing 
with serum-free DMEM. Next, media were replaced 
twice per week for a consecutive 14-day anchorage-
screening period in complete isolation media [ 12 ,  13 , 
 18 ]. Flow cytometry and immunofl uorescence were 
used to detect phenotype characteristics of hPSCs for 
CD29, CD44, CD73, CD90, CD105, CD133, CD166 
and CD200. The purifi ed PSC population with positive 
phenotype was propagated in dynamic suspension with 
serum-free DMEM/F12/1640-integrated medium until 
generating more than 125 fl oating 3D spheroids/ml 
with active TERT (Supplementary Video S1; Figure  1 ), 
these cells were X-ray ameliorated using RS-2000 
biological irradiator ( www.radsource.com ) at 150 Gy 
so as to keep the cells metabolically alive yet unable 
to proliferate and renew (Supplementary Figure S6), 
frozen in one batch and resuscitated as hPSCs-derived 
PMSB. Via the same procedure, mPSCs-derived PMSB 
was prepared from term placenta of syngeneic pregnant 
mice (Supplementary Video S2); bone marrow-derived 
MSCs prepared by the same formula were used as PMSB 
counterpart; Common PSCs in adherent culture were 
X-ray-ameliorated as PMSB controls. 

   Inoculation regimen 

 Research protocol involving animals was 
reviewed and approved by institute’s Animal Care and 
Use Committee. 4T1 mammary, LL/2 lung, C26 colon 
tumor and B16 melanoma cell lines were obtained from 
American Type Culture Collection (ATCC, Rockville, 
MD) and propagated by  in vitro  passage in DMEM 
(Gibco BRL, Grand Island, N.Y.) with 10% of FBS 
(Gibco, Auckland, N.Z.). Syngeneic Balb/c and C57BL/6 
senile mice (Supplementary Figure S1) 12 months of age 
were maintained in air-fi ltered laminar fl ow cabinets 
under aseptic conditions with a 12-h light/dark cycle. 
Mice were fed with AIN-93M rodent diet and autoclaved 
reverse-osmosis treated water to ensure proper health 
and living environments before study initiation, and then 
each was challenged with 5 × 10 5  4T1, LL/2, C26 or 
B16 tumor cells subcutaneously into right fl ank. Seven 
days later, the tumor challenged-hosts were inoculated 
subcutaneously with 2 × 10 5  PMSB cells (m-/h- PSCs-
derived or bMSCs-derived PMSB) into left fl ank. 
Primary inoculation was followed by prime-boost (2 
weeks apart) protocol of week 0–2. These hosts were kept 
under careful observation for any experiment-associated 
adverse effects and tumor formation/retrogression. 
Tumor volume (mm 3 ) was determined by the formula: 
0.52 × length (mm) × width 2  (mm) 2  and plotted at three-
day intervals. 



Oncotarget40772www.impactjournals.com/oncotarget

   Dynamics assay for CSCs-fl oating 3D spheroids 

 The fl oating-spheroid number refl ects the quantity 
of stem cells capable of self-renewal [ 7 ,  30 ]. Cells isolated 
from  in vivo  tumor tissues of corresponding groups were 
propagated via dynamic suspension in serum-free DMEM/
F12/1640-integrated medium to generate renewable 
3D-spheroids. Subset progressive dynamics, covering 
renewable/evolutionary diversity and tumorigenesis 
property, was analyzed according to spheroids regenerating 
various evolutionary modes under the microenvironment 
pressure from 1640/F12/2%-FBS selective medium. 
Immunofl uorescence and western blotting were used to detect 
the expression changes of TERT/Wnt/β-catenin pathway. 

   Magnetic bead microarray and western blotting 

 Non-necrotic fresh tumors or tumor-free local 
inoculum and thymus were cut into small pieces, 
homogenized in liquid nitrogen, emulsifi ed by 
ultrasonication, extracted with ice-cold RIPA lysis buffer 
at a ratio of 100 mg:1 ml, and then passed through a fi ne 
mesh sieve (Bellco Glass). The extracted total protein was 
concentrated to 12 mg/ml and then detected for peripheral 
molecules covering IP-10, MIG, RANTES, IFN-γ, IL-4 
and VEGF expression using Milliplex Magnetic Bead 
microarray (Millipore, MA, US) with Luminex 200 
analysis system (Luminex Corp., Austin, TX). Thymosin 
and β-catenin levels were determined by western blotting 
using 50 μg extracted proteins from each sample. 

In vivo  blockade of IFN-γ/RANTES loop 

 Additional tumor-challenged/PMSB-inoculated 
hosts were i.p. injected with neutralizing antibodies 
specifi c for IFN-γ (clone XMG1.2, Bioexpress), IP-10/
CXCL10, MIG/CXCL9 and CCL5/RANTES (clone 
33036.211, clone 49106.11 and clone 53405.111, R&D 
Systems, Minneapolis, MN) on day −8, −4, −1, 0, 1, 4, 8 as 
previously reported [ 31 – 35 ], with normal rat IgG (Sigma 
Chemical Co) injected according to the same protocol (100 
μg/100 μl of PBS) as control. The tissue level blockades 
were confi rmed by Luminex 200 analysis system. 

   Protective responses assay of posterior 
thymopoiesis versus CSC-subsets 

 Dual-Color IFN-γ/IL-4 ELISpot Kit (R&D 
Systems# ELD5217) was adopted for monitoring cross-
protective responses of PMSB-inoculated hosts to 
CSC subsets. Briefl y, thymocytes were harvested from 
host thymus 2 weeks after the boost. 5 × 10 4  recipient 
thymocytes as responder cells and 3 × 10 3  PMSB cells, 
or tumor spheroid cells as stimulators were respectively 
performed according to the manufacturer’s protocol 
with common PSCs as stimulator control. Spots were 

automatically scanned and enumerated using ELISpot 
plate reader (Cellular Technology Ltd., Cleveland, OH). 

   Histomorphometric and FACS assay 

 Tumor specimens with adjacent tissues, relevant 
internal organs and inguinal sentinel lymph nodes 
(SLN) were harvested and fi xed in 4% neutral buffered 
formalin solution for paraffi n sectioning and staining. 
Immunohistochemical test for  in situ  detection were 
performed with anti-MUC-1 (BD), CD49b/NK1.1 
(Biolegend), anti-CD4, CD8, CD25, Foxp3, β-catenin, 
TERT (all abcam), and anti-CD44, CD133 (all Chemicon) 
monoclonal antibody severally. Imaging of thymic lobules 
for renewal hotspots were captured using Leica scanning 
confocal microscope. Thymic and tumor tissue/cells 
were stained with thymosin-α1(abcam)/-β4(Millipore) 
for immunofl uorescence or with TCRαβ, TCRγδ, CD3, 
CD38, CD80, CD163, CD45RA (all BD) for positive 
subsets via FACS-Aria III cell sorting system. Successive 
subsets were incubated with 3D-CSC-subsets from  in vivo
tumor at a ratio of 120:1 (thymocyte: spheroid) in DMEM/
F12 with 2% normal serum for over 72 hours of reactivity 
between renovated T-subsets and CSC pool. 

   Statistical analysis 

 Experimental data were subjected to one-way 
ANOVA plus Tukey post-hoc test. The tumor-free survival 
was analyzed using log rank test and Kaplan-Meier 
method. Tumor cell for TERT/MUC-1/CD44/CD133 
expression index and lymphocyte for NK-1, TCRαβ, 
TCRγδ, CD3, CD38 or CD45RA were respectively 
calculated as a ratio of the positive cell number to the total 
tumor cell/lymphocytes number based on the mean value 
from ten high-power fi elds via computer-assisted assay. 
 P  values < 0.05 were considered signifi cant. 

 Supplementary Material: Supplementary Figures 
(S1–S8) are available in the online version of the paper.      
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