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    Abstract     The primo vascular system (PVS) is a newly found organ, which is 
 distributed throughout the entire body. The system is composed of nodes storing 
many small cells and thin vessels branching out from the nodes. Inside the vessel 
there are multiple subvessels. The PVS is found in and on most organs, including 
the brain, and interestingly inside some lymph and blood vessels. The PVS is nor-
mally diffi cult to visualize due to its semitransparent optical property and its small 
size, which may be the main reason why it was not discovered until recently. The 
diameter of primo vessels (PVs) is in the range of 20–50 μm and the size of a primo 
node (PN), 100–1,000 μm. The outermost layer of the PVS is more porous than that 
of blood or lymph capillary vessels, and the nuclei of the PVS endothelial cells are 
rod shaped. Important PVS properties reported are: in the fl uid inside the PVS, there 
are cells presenting stem cell markers CD133, Oct4, and Nanog, which may imply 
that this system has a role in regeneration. Another very important fi nding is its 
potential relevance to cancer. According to results from an animal study using xeno-
grafts of various cancer types (lung, ovarian, skin, gastric cancer, and leukemia), as 
the tumor grows, the PVS is formed in a high density in the vicinity of the tumor. In 
addition, it was shown that PVs connect the primary and secondary tumors and that 
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cancer cells were transported via the PVs in an active manner. In this report, we 
illustrated the formation of the PVS in breast cancer, and using the green fl uorescent 
protein- expressing gastric cancer cell lines, we observed the cancer cell movement 
from the primary to the secondary sites during the cancer progression.  

39.1         Introduction 

39.1.1     Primo Vascular System 

 The primo vascular system (PVS) exists in most, if not all, mammalian organs, 
forming an extensive network throughout the entire body. The PVS consists of 
primo nodes (PNs), primo vessels (PVs) that branch out of PNs, transparent fl uid 
inside the PNs and PVs (primo-fl uid, P-fl uid), and the primo-microcells 
(P-microcells) stored mainly in PNs. The PVS is very small: the diameter of PVs is 
in the range of 20–50 μm and the size of a PN is in the range of 100–1,000 μm. The 
PVS is optically semitransparent (Fig.  39.1 ). It is, therefore, not easy to observe the 
system without special training in microsurgery and microscopy, which probably 
explains why this system was not discovered until the 1960s by Bonghan Kim in 
North Korea [ 1 ,  2 ]. Shortly after Kim’s reports in the 1960s, the PVS research was 
suddenly discontinued for unknown reasons. In the 2000s, the research was reiniti-
ated by Kwang-Sup Soh in South Korea [ 3 ].

   The PVS is distinctively different from the blood or lymphatic system. It does 
not express blood vessel (BV) biomarker CD31 or a lymphatic vessel (LV) bio-
marker LYVE-1 [ 4 ]. The external wall of the PV is porous and, therefore, when a 
dye (usually trypan blue) is applied to the area suspected with PVS, it gets into the 
PVs preferentially, allowing the observer to be able to differentiate PVs from BVs 
and LVs [ 5 ]. The cells of the sub-PV possess f-actin along the PV length, indicating 
the direction of the P-fl uid [ 6 ]. The average fl ow speed of the P-fl uid was reported 

  Fig. 39.1    ( a ) A typical set of a PN, and PVs connected to the PN, slightly lifted from the surface 
of the omentum of a rat, and ( b ) a long, isolated PVS from the rat omentum       
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to be 0.3 mm/s [ 6 ]. The nuclei of the endothelial cell in the sub-PV are rod shaped, 
and therefore, DAPI (dye specifi c to DNA or nuclei) is frequently used to confi rm 
the PVS. Typically, the PN is packed with many small cells (P-microcell), and the 
cells are round and 1.0–2.5 μm in diameter [ 6 ]. The cells have small nuclei sur-
rounded by a layer of cytoplasm and a trilaminar plasma membrane. The research 
team led by Soh [ 7 ,  8 ] confi rmed that these small cells possess embryonic stem cell 
markers, Oct4, Nanog, and CD133. Kwon et al [ 9 ]. recently reported that the PVS 
also contains immune cells, enriched with granulocytes and histiocytes and chro-
maffi n cells. Hong et al. measured the oxygen level of the P-fl uid of the PVS formed 
in the murine melanoma [ 10 ] and in the mice embryos [ 11 ]. 

 The PVS has been found in all organs in all animals that were studied, including 
intestine [ 12 ,  13 ], brain [ 14 – 16 ], heart [ 17 ], adipose tissue [ 18 ], and also within 
blood [ 19 ,  20 ] and lymphatic vessels [ 21 ,  22 ]. The number of animal species studied 
for the PVS, up to now, is 7 and the number of organs confi rmed for the existence 
of PVS is 17 [ 23 ].  

39.1.2     PVS and Cancer 

 The PVS in/on normal tissues or organs is usually not very densely populated, 
except for the adipose tissue. However, for four different cancer types (xenograft) in 
studies reported up to now, the PVS was found densely populated in proximity of 
the tumor. 

 The Soh team studied xenografts of human lung cancer NCI-H460 and human 
ovarian cancer SK-OV-3 [ 24 ] and observed dense PVS formed at the sites with the 
tumor (cancer PVS). The team then designed a unique experiment to elucidate the 
relationship between the cancer progression and the PVS formation. For the study, 
they electroporated quantum dots (QDs) into the cancer cells, and the QD-containing 
live cancer cells were then inoculated to nude mice. Because the QDs were inside 
these cells, the newly formed cells also possessed QDs and emitted fl uorescence, 
enabling to track cancer cells by fl uorescent microscopy. As the cancer progressed, 
secondary tumors were also formed and both LVs and PVs were generated from the 
primary tumor. When the fl uorescence level was monitored around the area with the 
tumor, the fl uorescence intensity from the cells passing through the PV was approx-
imately twice that from the lymph vessel, indicating that cancer cells were trans-
ported through PVs signifi cantly. The result from the fl uorescence level emitted 
from PNs in the ovarian cancer showed the fl uorescence at an even greater level than 
that from the lymph node. 

 In an attempt to study the origin of the PVS during the cancer progression, Heo 
and colleagues used cutaneous melanoma B16BL6 (nonfl uorescing) into green fl u-
orescence protein (GFP)-expressing host mice [ 25 ]. They also found denser PVS 
around the tumor, and the PVS formed on/in the tumor emitted green fl uorescence, 
implying that it is initiated from the host, although it was not clear whether all PVS 
formed were from the host because the tumor-initiated PVS would not emit the 
fl uorescence. 
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 The Miller team [ 26 ] recently reported that, in a human lymphoma (U937) 
 xenograft, PVS was formed at a higher density. The cells in the cancer PVS expressed 
CD68, CD45, and lysozyme and possessed the same immune phenotype of the cancer 
cell U937.    The cells upregulated,  by hundred- to thousandfold , human cancer stem 
cell-specifi c transcription factors (particularly CD68, CD45) and an upstream regula-
tor of Nanog that maintains the pluripotent and undifferentiated state of stem cells. 

 Here, we report the result of PVS formation during the growth of breast cancer 
xenograft MDA-MB231. We also report the cancer cell tracking from the primary 
to the secondary tumor, utilizing the GFP-expressing MKN28 human gastric cancer 
cell line.   

39.2     Methods 

39.2.1     Observation of PVS in Normal Rat 

 Sprague Dawley rats were anesthetized with sodium pentobarbital (50 mg/kg i.p.). 
An incision down the  linea alba  was made to expose the small intestine and omen-
tum. The intestines and omentum were sprayed with a 0.2 % trypan blue solution to 
identify PVs. Once a PV was identifi ed by the uptake of blue dye, it was carefully 
dissected with the aid of microforceps, microvessel dilators and a microscope (OP- 
Mi 7PH Microscope; Carl Zeiss; Germany). Images were taken with a camera 
(PowerShot SD940 ISl; Canon; USA) mounted on the scope.  

39.2.2     PVS of Breast Cancer Xenograft MDA-MB231 

 Nude mice were inoculated with human MDA-MB231 breasts cancer cells (~10 7  
cells) in the right fl ank, and tumors were allowed to grow for 1–2 months. At the 
time of PVS observation, mice were euthanized with carbon dioxide and, immedi-
ately, a skin incision down the fl ank was performed to expose the tumor. The tumor 
was sprayed with a 0.2 % trypan blue solution to identify PVs. The identifi cation 
and imaging of the PVS were performed using the same method described above.  

39.2.3     PVS and GFP-Expressing Gastric Cancer 

 MKN12 human gastric cells were transfected with GFP-expressing plasmid using 
Lipofectamine LTX and PLUS reagent (Invitron; Monmouth, UK), following the 
manufacturer’s instruction. The cells transfected with the GFP plasmid were then 
sorted with FACSAria (BD Biosciences; San Jose, CA, USA). Nude mice were 
injected with the GFP-expressing cancer cells (~10 7  cells) to the gastric wall, and 
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tumors were allowed to grow for 1–2 months. At the time of the PVS observation, 
mice were anesthetized with Zoletil/Rompun intraperitoneal injection. Skin inci-
sion in the abdominal area was performed to expose the tumor. Fluorescence image 
was taken using fl uorescence microscopy (MVX10; Olympus; Japan) and a mono-
chrome CCD camera (DP30BW; Olympus; Japan) mounted on the scope.   

39.3     Results and Discussion 

39.3.1     Typical PVS in Normal Rat Model 

 Figure  39.1a  shows a typical set of a PN and PVs connected to the PN, which was 
isolated from the surface of the omentum of a rat. PNs usually appear along the PV. 
The PVS on the surface of an organ can be isolated by tracking the PVs, as shown 
in Fig.  39.1b .  

39.3.2     PVS of Breast Cancer Xenograft 

 Figure  39.2  demonstrates the PVS formed on the human breast cancer type 
MDA-MB231 xenograft in a nude mouse, lightly stained with trypan blue. As in the 
cases with the previously studied human lung, ovarian, lymphoma, and melanoma 
xenografts, the PVS was seen at a higher density than on the tissue without the 
tumor, which confi rms that the PVS is densely formed in the vicinity of the cancer-
ous tumor. This may also imply that some unknown but particular properties of 
cancer affect the proliferation of cancer PVS, potentially using the PVS for its 
growth and metastasis, although more extensive studies are required to verify this 
hypothesis. Assuming that the hypothesis is proven to be true, this property of the 
cancer PVS may be utilized for early detection of cancer.

  Fig. 39.2    PVs and PNs 
formed on/in human-to-nude 
mice xenografts of breast 
cancer (MDA-MB231), under 
the skin, using in situ trypan 
blue staining.  Solid lines , 
PVs;  dashed lines , PNs       
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39.3.3        PVS as Cancer Cell Transport Conduit 

 In the previous studies on the roles of the PVS in cancer cell transport, Soh’s group 
used QD-electroporated cancer cell lines of human lung cancer NCI-H460 and human 
ovarian cancer SK-OV-3, and the fl uorescence generated from the QDs was traced 
assuming that they represented cancer cells. In this new study, to confi rm the cancer 
cell transport via the cancer PV, GFP-expressing, human gastric cancer cell type 
MKN28 was xenografted in nude mice (nonfl uorescing). As the primary tumor grew 
large, a secondary tumor was formed, as shown by optical microscopy in Fig.  39.3a . 
The fi gure describes the primary and secondary tumors and a PV that connects the 
two, which is indicated by the black arrow. Figure  39.3b  shows an image obtained by 
fl uorescence microscopy for the green fl uorescence. Both the primary and secondary 
tumors were shown to be very bright and there were dots emitting bright green fl uo-
rescence from inside the cancer PV connecting the two (indicated by the white arrow), 
showing that the cancer cells are present inside the PV and are being transported via 
the PV. This cancer PV itself does not express the fl uorescence, potentially indicating 
that the PV in the tumor is from the host, as in Heo’s [ 24 ] study result. Figure  39.3c  
shows the enlarged image of the PV, circled in Fig.  39.3b . The presence of the cancer 
cells (fl uorescence) in the PV is more clearly demonstrated.

39.4         Conclusions 

 Our study results with the breast cancer MDA-MB231 appeared to confi rm that 
cancer (at least in the case of xenografts) induces dense PVS formation in close 
proximity to cancerous tumors, which suggests that a cancerous environment 

  Fig. 39.3    Observation of the relationship between the secondary tumor formation and the PV formed 
between the primary and the secondary tumors, utilizing GFP-expressing MKN28 human gastric 
cancer cells. ( a ) Optical microscopy of a PV (indicated by a  black arrow ) connecting the primary ( P ) 
and the secondary ( S ) tumors. ( b ) Fluorescence microscopy of the same regions is shown in ( a ). The 
primary and the secondary tumors are fl uorescing. In the PV, GFP-expressing cancer cells are pres-
ent, implying that the cancer cells are being transported via the PV. ( c ) An enlarged image of the 
circular region of ( b ). GFP-expressing cancer cells inside the PV are more clearly shown       
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triggers cancer PVS formation. If it is a common signature of cancer, then it may be 
utilized for early detection of cancer. 

 The study results using GFP-expressing gastric cancer xenograft confi rm that 
many cancer cells are present in and possibly transported via the cancer PVs, as in 
the previous study results by the Soh team, using QD-containing cancer cell. This 
result strongly implies that the cancer PVS may have a very important role in cancer 
metastasis. Future studies will be planned to elucidate the mechanism of the cancer 
PV formation, to prevent the cancer metastasis via the PVs. 

 The relationship between the cancer progression and the cancer PVS formation/
cancer cell transportation via the cancer PV is new but very important and deserves 
immediate multidisciplinary efforts for more complete understanding to develop 
novel tools for cancer prevention, diagnostic, and treatment.     
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