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Abstract 

Although the aging process expands the adipose tissue habitation in mice and due to its close 

association with the female reproductive system, it can be easily exposed surgically under 

anesthesia when reproductive organs (including ovary, oviduct, and part of the uterus) are 

pulled and exposed onto the dorsal skin. This study aimed to consider the suitability of adipose 

tissue as a target for manipulation, particularly for the grafting of cells or small-sized tissue 

sections due to its ease of handling. Subsequently, 1-2 L trypan blue injections were 
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administered to the tissues using a breath-controlled micropipette under a dissecting 

microscope for evaluating the adipose tissue’s potential as a suitable grafting material. It was 

observed that the injected dye remained at the injection site for at least one day after injecting 

B16 mouse melanoma and P19 embryonal carcinoma cells. It resulted in the generation of 

solid tumors surrounding the ovary, oviduct, or uterus with 100% efficiency, as reported by 

an inspection one and a half months after the injections. When the grafting procedure was 

carried out for one-fourth of the juvenile pancreas (aged 15 days), an enlarged pancreas with 

normal morphological configuration (including the formation of insulin-synthesizing cells) was 

generated, which was observed by an inspection one month after the injections, thus 

successfully validating our approach for adipose tissue manipulation and furthermore, naming 

this novel technology as “intra-adipose introduction of cells and tissues”.
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Adipose tissue; transplantation; solid tumor; juvenile pancreas; B16 melanoma; P19 

embryonal carcinoma; In vivo teratoma formation assay

 

1. Introduction 

Recent advancements in pluripotent stem cell research have widened the possibility of several 

regenerative strategies for patient-specific cell therapy, novel drug therapy as well as disease 

remodeling. Induced pluripotent stem cells (iPSCs)/embryonic stem cells (ESCs) have the innate 

potential to differentiate into fully differentiated cells originating from the three germ layers, when 

precisely cultured under differentiation-inducing conditions [1, 2]. Since both in vitro and in vivo 

approaches are available for assessing the differentiation potential of these cells, the former 

component includes cultivation of iPSCs/ESCs in a medium supplemented with differentiation-

inducing reagents, whereas the latter aspect involves the inoculation of immunocompromised mice, 

such as nude and non-obese diabetic/severe combined immunodeficient (NOD/SCID) mice, at 

growth-permissive sites. The in vivo approach also known as the “in vivo teratoma formation assay” 

involves the formation of solid tumors named “teratoma”, by the inoculated cells containing various 

types of differentiated cells originating from the three germ layers [1-9]. 

Several suitable sites for iPSCs/ESCs transplantation involving the in vivo grafting of tumorigenic 

mice cells (particularly in immunocompromised mice, such as nude mice or NOD/SCID mice) are 

available out of which the most common locations are subcutaneous cell grafting and cell grafting 

under the renal capsule [10-17] followed by intratesticular grafting [13, 18-22], intramuscular 

grafting [23-28], intramyocardial grafting [23], cochlear grafting [29], liver parenchyma [10], and 

salivary glands grafting [30]; however, a large number of tumor cells are required for inoculation to 

achieve successful tumorigenesis [31]. Notably, Prokhorova et al. [11] reported that co-injecting 

human ESCs with Matrigel increased subcutaneous teratoma formation efficiency from 25–40% to 

80–100% while suggesting that as Matrigel, a gelatinous extracellular matrix was produced from 

Engelbreth–Holm–Swarm (EHS) mouse sarcoma cells, it enhanced survival and growth of teratoma 

and other tumors through interaction with several matrix-associated growth factors and limited the 

implanted cells migration away from the site of implantation, thereby potentially enhancing their 



OBM Transplantation 2021; 5(4), doi:10.21926/obm.transplant.2104155 

 

Page 3/15 

paracrine interactions while assuming that the spreading of inoculated cells from the implantation 

site was indeed a critical factor determining the success of the in vivo teratoma formation assay. 

Henceforth, a novel method named “intrapancreatic parenchymal cell transplantation” (IPPCT) 

was developed, based on the transplantation of actively proliferating tumor cells (including iPSCs) 

into the nude mice pancreatic parenchyma using a mouthpiece-controlled glass micropipette under 

observation with a dissecting microscope for minimizing the spread of inoculated cells and 

increasing the in vivo teratoma formation efficiency [32], and it was observed that the cells or 

cellular aggregates inoculated within the pancreatic compartment did not spread easily beyond the 

compartment while a success rate of almost 100% was achieved in the formation of solid tumors 

(including teratoma) using IPPCT. Since the pancreas can be exposed easily by removing the spleen 

after a skin incision, IPPCT appears to be an easy and useful technology for inducing the in vivo 

growth of cells into solid tumors. 

Owing to the fact that adipose tissue is a loose connective tissue composed mostly of adipocytes 

[33], and can be easily exposed during surgeries involving the removal of female reproductive 

system organs (i.e., ovary, oviduct, or uterus) by the skin incisions, due to proximity with female 

reproductive organs. Therefore, the ease of handling organs such as the pancreas indicates that 

adipose tissue can be easily used for inducing the growth of tumorigenic cells as solid tumors. 

This study involved the transplantation of actively proliferating tumor cells [including B16 

melanoma cells and P19 embryonal carcinoma cells (ECCs)] into mice adipose tissue using the IPPCT 

technique to determine whether these cells could grow as solid tumors in vivo. Furthermore, a small 

piece of the juvenile pancreas was also transplanted into the adipose tissue to observe whether the 

grafted tissues could grow and function as insulin-producing tissues, and this novel procedure was 

named “intra-adipose introduction of cells and tissues” (IAdICT). 

2. Materials and Methods 

2.1 Animals 

For the tumor cells inoculation into the adipose tissue, 8-20-week-old immunodeficient female 

mice (BALB/c-nu/nu; CLEA Japan Ltd., Tokyo, Japan) were used while some cases involved the usage 

of adult (four to ten months old) or juvenile (15 days old) female B6C3F1 mice (a hybrid between 

C57BL/6 and C3H/He; CLEA Japan Ltd.).  

2.2 Cell Culture 

P19 cells, belonging to a murine ECC line [34], were used as a source of multipotent murine 

teratocarcinoma cells, while B16 melanoma cells [35] were used as malignant murine tumor cells 

followed by porcine embryonic fibroblastic cells, THEPNBS cells [36], engineered to express both 

tandem dimer Tomato (tdTomato) and enhanced green fluorescent protein (EGFP), and were used 

as a source of fluorescent normal cells. 

P19 and B16 melanoma cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) and 

supplemented with glucose at high concentrations (#11995; Invitrogen Co., Carlsbad, CA, USA), 10% 

fetal bovine serum (FBS), as well as 1% antibiotic-antimycotic solution (#A5955; Sigma-Aldrich Co., 

Ltd., St. Louis, MO, USA) whereas THEPNBS cells were cultured in DMEM/Ham’s F-12 (#124; Wako 

Pure Chemical Industries Ltd., Osaka, Japan), and supplemented with 10% FBS and 1% antibiotic-
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antimycotic solution. Since all the cultures were maintained at 37 C in an atmosphere of 5% CO2 in 

the air, P19, B16 melanoma, and THEPNBS cells were harvested by trypsinization and suspended in 

Dulbecco’s Ca2+-Mg2+-free phosphate-buffered saline [D-PBS(−)], pH 7.4 (#14249–95; Nacalai 

Tesque, Inc., Tokyo, Japan) before the tumor cells inoculation into the adipose tissue. After 

calculating the number of viable cells using a disposable four-chamber hemocytometer (#521–10; 

Funakoshi Co., Ltd., Tokyo, Japan), the cells were diluted to ~5 × 104 cells/µL in 20 µL of D-PBS(−) 

and 0.1% (v/v) trypan blue (TB; Trypan Blue Stain 0.4%; Invitrogen Co.) in a 1.5 mL tube. 

2.3 IAdICT 

Initiation of cell grafting procedure in the murine adipose tissue was performed using a method 

described by Sato et al. [32] coupled with some modifications. The schematic representation of the 

procedure is provided in (Figure 1A). Prior to the procedure, a glass capillary (#GDC-1; Narishige 

Scientific Instrument Lab., Tokyo, Japan) was pulled using a micropipette puller (P-97/IVF; Sutter 

Instrument Company, CA, USA) to form a pointed end while the micropipette tip was broken using 

micro scissors (#MB-53; NAPOX, Natsume Co., Ltd., Tokyo, Japan) under a dissecting microscope 

(SZX10; Olympus, Tokyo, Japan) for changing its inner diameter from 30 to 50 µm. A solution 

containing the cells and 0.1% (v/v) TB (for visualization of the injected solution) in D-PBS(−) was 

transferred to the inner surface of a 1.5 mL tube near the cap using a 200 µL tip, following which 1 

to 2 µL of the solution were sucked using an injection micropipette connected to the mouthpiece 

(as shown in Figure 1A-a) under observation with a dissecting microscope (Figure 1A-b). Next, a 

small incision was made on the left dorsal skin of an anesthetized mouse (nude or B6C3F1 mouse), 

following which, the organs (including ovary, oviduct, and uterus) associated with adipose tissue 

were pulled and exposed onto the dorsal skin (Figure 1A-c). As the injection micropipette was 

inserted into the internal part of the adipose tissue under observation using an SZX10 dissecting 

microscope, the cell-containing solution was injected (Figure 1A-d) while the injection precision was 

monitored visually based on a rapid color change (from white to blue) at the injection site. Since 

this procedure was repeated two or three times; hence, three to four injections were administered 

at each site (Figure 1A-e), and the procedure was repeated for the opposite surface of the adipose 

tissue, which was exposed by the right dorsal skin incision. 

For the juvenile tissue grafting in adipose tissue, juvenile pancreatic tissue was selected as its 

maturation could be monitored easily via the appearance of insulin-producing cells (IPCs) using 

Immunohistochemical staining for which the exposed adipose tissue of an adult (~10 months after 

birth) B6C3F1 female mouse was partially sliced using micro scissors for creating a small slit (Figure 

1B-a) whereas the juvenile pancreas harvested from a 15-day-old B6C3F1 female mouse was 

sectioned into four parts (right panel of Figure 1B-b) and one tissue piece was inserted into a 

pancreatic open space using forceps (left panel of Figure 1B-b) followed by the suturing of the edge 

of the opened space at two sites for the enclosure (arrows in Figure 1B-c). After commencement of 

surgery, the treated adipose tissue was transferred to its original position, followed by an inspection 

one month after the surgery. 
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Figure 1 Details of the intra-adipose introduction of cells and tissues (IAdICT) and 

evidence for solution retention after IAdICT. A. The IAdICT procedure displays the 

injection of cells into adipose tissue. Cells suspended in a trypan blue (TB)-containing 

solution were sucked using a glass micropipette attached to a pipette holder (shown in 

a) under observation with a dissecting microscope (shown in b). In female mice, the 

reproductive organs (ovary/oviduct/uterus) were exposed under anesthesia, and the 

exposed adipose tissue was held in position using Aorta-Klemme (#C-17–40–2; NAPOX, 

Natsume Co., Ltd) to prevent retraction of the tissue (shown in c). The injection was 

administered via the micropipette insertion into the adipose tissue held in position using 

forceps (shown in d), while the whole process required three to four injections as 

(shown in e). B. The IAdICT procedure, showing the grafting of a small piece of juvenile 

pancreatic tissue into the adipose tissue, which was first cut using micro scissors, as 

(shown in a). Juvenile pancreatic tissue from a 15-day-old-mouse was sectioned into 

four parts using micro scissors (shown in the right panel of b), while one section was 

inserted into the space created by the adipose tissue incision using forceps (shown in 

the left panel of b). The edge of the open adipose tissue was sutured (indicated by 

arrows in c). C. The fate of TB after IAdICT. When TB was injected into the adipose tissue 

under observation with a dissecting microscope, the injected dye remained at the site 

of injection (enclosed by a box in a). Notably, there was no sign of dispersion of TB 

(shown in b; magnified from the box shown in a). Four injected sites were visible 

(indicated by blue color) soon after the injection was administered at a site close to the 

ovary (shown in c). The injected dye was retained close to the ovary even one day after 

the administration of injections (shown in d).  
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2.4 Histological Analysis 

As the animals were sacrificed the next day after THEPNBS cells grafting, the grafted sections, 

easily detectable using an SZX10 dissecting microscope due to the presence of TB, were dissected a 

day after grafting and placed on a glass slide and were squashed gently after placing a cover slip 

before observing fluorescence, as described below.  

Samples were sourced from growing solid tumors and female reproductive tissues surrounded 

by adipose tissue one and a half months later after grafting, while the sacrificed animals were also 

subjected to general inspection for tumor invasion in other organs. A part of the dissected tumor 

tissue was fixed using 4% paraformaldehyde in D-PBS(−) at 4 C for two days, then dehydrated by 

immersion in 0.25% sucrose in D-PBS(−) at 4 C for two days as well as 0.4% sucrose (in D-PBS(−)) at 

4 C for four days followed by embedding of samples in optimal cutting temperature compound 

(Tissue-Tek® [no. 4583]; Miles Scientific, Naperville, IL, USA) for cryostat sectioning (5 µm in 

thickness) and staining of few cryostat sections using hematoxylin and eosin stain (H&E).  

Subsequent to the quarter section grafting of the juvenile pancreas, the animals were sacrificed 

a month later. Thereafter, the grafts were removed, dissected, fixed, and processed for cryostat 

sectioning using the aforementioned method for solid tumors processing, while some cryostat 

sections were subjected to immunohistochemical staining, as described below. 

2.5 Immunohistochemical Staining  

After incubation of the cryostat sections in 20% AquaBlock (#PP82; East Coast Bio, North Berwick, 

ME, USA) for 30 min at 24 °C, they were treated with a goat anti-insulin primary antibody (1:100; 

#ab7842; Abcam, Tokyo, Japan) or a mouse anti-glucagon primary antibody (1:100; #G2654; Sigma-

Aldrich, Tokyo, Japan) for 12 h at 4 °C followed by the treatment with fluorescein isothiocyanate 

(FITC)-conjugated anti-goat IgG (1:250; #ab6904; Abcam), or Alexa Fluor 594-conjugated anti-mouse 

IgG (1:250; #ab150116; Abcam) for one hour at 24 °C. After washing with D-PBS(-) medium, the 

sections were treated using the mounting medium, and fluorescence was analyzed after treating 

the sections with 4′,6-diamidino-2-phenylindole (DAPI) (#H-1200; Vector Laboratories, Burlingame, 

CA, USA). 

2.6 Fluorescence Observation 

Fluorescence in the samples was examined under a fluorescence BX60 microscope using the 

DM505 (BP460–490 and BA510IF; Olympus) and DM600 (BP545–580 and BA6101F; Olympus) filters, 

which were used to detect FITC-derived green fluorescence and Alexa Fluor 594-derived red 

fluorescence, respectively while the DAPI-derived fluorescence was measured using a mirror unit 

(BP372–456; U-FUW) followed by observation of the H-E-stained sections using a BX60 microscope, 

recording of the micrographs using a digital camera (FUJIX HC-300/OL; Fuji Film, Tokyo, Japan) 

attached to the fluorescence microscope, and the printing of images using a Mitsubishi digital color 

printer (CP700DSA; Mitsubishi, Tokyo, Japan). 

All animal experiments were performed in agreement with the guidelines of the Kagoshima 

University Committee on Recombinant DNA Security and approved by the Animal Care and 

Experimentation Committee of Kagoshima University (Permit no. 25035 and 25036; dated August 8, 
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2013). The surgeries were performed under anesthetization with three agents (medetomidine, 

midazolam, and butorphanol), and all efforts were made to facilitate a smooth induction.  

3. Results  

3.1 Successful Entrapment of Transplanted Cells in Adipose Tissues   

The schematic representation of the IAdICT procedure is provided in (Figure 1A) and explained 

in detail in Section 2.3 of the Materials and Methods. The exposed adipose tissue in the anesthetized 

B6C3F1 mouse was subjected to IAdICT while being injected a TB solution under a dissecting 

microscope using a mouthpiece-controlled micropipette. As shown in (Figure 1C-a), the adipose 

tissue near the ovary was injected once and could be visualized easily based on the color change 

from white to blue (indicated by the section enclosed by a box in Figure 1C-a). (Figure 1C-b shows 

the enlarged image of the box shown in Figure 1C-a). Notably, the injected solution did not spread 

beyond the injection site, suggesting that the dye was confined only to the adipose tissue. The 

arrows in (Figure 1C-c) indicate that all the four sites were successfully injected while the injected 

solution was visible even a day after the injection and was retained in the injection site (arrows in 

Figure 1C-d). 

Furthermore, THEPNBS cells [36] were injected into the adipose tissue of adult B6C3F1 mice for 

confirming the retention of cells introduced via IAdICT in the adipose tissue, followed by an 

inspection conducted a day after IAdICT, which detected EGFP fluorescence in the injection site 

without any noticeable cellular breakout (arrows in Figure 2A). 
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Figure 2 Evidence for cell retention and tumor growth after IAdICT. A. Detection of 

fluorescent porcine cells (THEPNBS) injected into the adipose tissue. The tissue at the 

site of the injection (which was easily identifiable based on the presence of trypan blue) 

was dissected for evaluating EGFP-derived fluorescence using a fluorescence 

microscope under light (a) or ultraviolet (UV) + light (b) illumination after a day of IAdICT. 

The arrows indicate the administration of THEPNBS cells into the adipose tissue. Bar: 

100 m. B. Formation of solid tumors one and a half months after IAdICT. (a-d) Solid 

tumors were generated after the B16 melanoma cells were grafted in the adipose tissue 

of nude mice. As solid tumors (arrows in a) were visible one and a half months after 

IAdICT, their dissection revealed that the ovary and uterus were surrounded by B16 

melanoma cells (b). Cryostat tumor sectioning revealed the presence of homogenous 

cell populations associated with the reproductive organs (c). Some cells were found to 

exhibit melanin deposition (arrows in d). (e-h) Solid tumors (teratomas) generated after 

the grafting of P19 embryonal carcinoma cells (ECCs) into the adipose tissue of nude 

mice that were visible (arrows in e) one and a half months after IAdICT. When these 

tumors were dissected, the P19 ECCs were found to be associated with the reproductive 

organs (indicated by arrows in f), while cryostat tumor sectioning divulged the presence 

of differentiated cells (indicated by arrows in g) associated with the adipose tissue and 

tubular structures in some cases (arrows in h). Bar: 100 m. 
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3.2 Formation of Solid Tumors after IAdICT in Mice 

P19 ECCs and B16 melanoma cells were introduced into the nude mice for assessment of the 

formation of solid tumors by the proliferative tumor cells transplanted in the adipose tissue. When 

the grafted nude mice were inspected one and a half months after transplantation, solid tumors of 

~1.5 to 2 cm3 had formed in both sides (arrows in Figure 2B-a, e) with 100% efficiency (2/2 of the 

grafted adipose for each of the P19 ECCs and B16 melanoma cells). As the reproductive organs 

(ovary, oviduct, and uterus) were surrounded by the expanding tumors (Figure 2B-b, f), it suggested 

that these tumors were generated from the adipose layer surrounding the reproductive organs and 

was also confirmed by cryostat sectioning that the tumors were present in the vicinity of the 

reproductive organs (Figure 2B-c) or adipose tissue (Figure 2B-g). The B16 melanoma cell-derived 

tumors contained homogeneous cell populations with melanin deposits (arrows in Figure 2B-d), 

while on the contrary, the P19 ECC-derived tumors exhibited differentiation in some cells (arrows 

in Figure 2B-g, h); however, the degree of multi-differentiation was limited. It was suggested that, 

unlike original P19 ECCs, the differentiation potential of the P19 ECCs used in the study might have 

been reduced during cultivation and storage; however, the reason for this remained unclear. There 

were no appreciable teratomas in the other major organs such as the kidney, heart, intestine, lung, 

and spleen (data not shown). 

3.3 Maturation of Juvenile Pancreas in the Adipose Tissues after Syngeneic Grafting 

In order to assess whether the juvenile pancreas transplanted into the adipose tissue could 

proliferate and mature to synthesize functional insulin, a small section of the pancreatic tissue (one-

fourth section of the 15-day-old pancreas; 3~4 mm2 in size; the right panel of Figure 3A-a) was 

inoculated into a space created by adipose tissue incision, as shown schematically in (Figure 1B-b). 

The graft growth was easily identified through the dorsal muscle when the skin was peeled off one 

month after inoculation (arrow in Figure 3A-b). The dissected graft was ~8 mm2 in size and 

distinguishable from the surrounding adipose tissue since the color of the graft was more yellowish 

than that of the adipose cells (area enclosed by a circle in Figure 3A-c). Immunohistochemical 

analysis of the dissected graft indicated that the graft reacted positively to the anti-glucagon and 

anti-insulin antibodies (Figures 3B-c, d). However, when the cryostat section was inspected in 

greater detail, the positive reactive areas were segregated from each other as the area positively 

stained with the anti-glucagon antibodies (considered to contain acinar cells) was not stained by the 

anti-insulin antibodies (Figure 3B-c, e), whereas the area positively stained with the anti-insulin 

antibodies (considered to contain islet cells) was not stained by anti-glucagon antibodies (Figure 3B-

d, e). Therefore, these findings suggested that the graft growing in the adipose tissue could produce 

both insulin and glucagon. 



OBM Transplantation 2021; 5(4), doi:10.21926/obm.transplant.2104155 

 

Page 10/15 

 

Figure 3 Maturation of juvenile pancreas after IAdICT. A. Grafting of a small piece of the 

juvenile pancreas into the adipose tissue and isolation of the grafted tissue. The juvenile 

pancreas (15-day-old) was dissected with the spleen (left panel of a) while the pancreas 

was divided into four sections using micro scissors (right panel of a). The growing grafts 

were visible (arrow in b) one month after the insertion of a quarter section of the 

pancreas into the adipose tissue of a B6C3F1 female mouse. The dissection graft is 

(shown in c) followed by the growth of the pancreatic tissue (indicated by a dotted circle) 

in the adipose cell region, with the arrow indicating the suture. B. Immunohistochemical 

staining of cryostat sections containing the graft shown in (Figure 3A-c). (a) The sections 

were stained with either anti-glucagon (b) or anti-insulin (c) antibodies. (b-d) Magnified 

images of the box are shown in (a). The area (indicated by dotted lines; enriched with 

acinar cells) exhibiting positive staining with anti-glucagon antibodies showed negative 

staining with anti-insulin antibodies (b vs. c), whereas the area (indicated by the closed 

lines; enriched with pancreatic  cells) exhibiting positive staining with anti-insulin 

antibodies showed negative staining with anti-glucagon antibodies (c vs. b). Nuclear 

staining was performed using DAPI (d). Bar: 100 m. 
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4. Discussion  

This study aimed to test the appropriateness of adipose tissue for facilitating the growth and 

differentiation of tumorigenic cells or immature tissues. Although there is limited information on 

the role of adipose tissues, they primarily store energy in the form of lipids and provide a stable 

cushioning and insulation to organs. Recently, adipose tissue has been recognized as a major 

endocrine organ [37], since it produces hormones such as leptin, estrogen, resistin, and cytokines. 

Furthermore, adipose-derived stem cells, which can be obtained when adipose tissue is present 

abundantly, are now being considered useful candidates for damaged tissue repair in regenerative 

medicine [38, 39]. 

It is observed that the retention of the grafted cells at the site of introduction without noticeable 

cell breakout appears to be a prerequisite factor for confirming the suitability of adipose tissue for 

the growth and maturation of grafted cells and tissues. Our study confirmed that the injection of a 

solution containing either only TB or cells (THEPNBS) into the adipose tissue resulted in the retention 

of the dye or cells at the site of injection without any signs of extensive dispersion when the samples 

were inspected one day after the injection (see Figures 1C-d and 2A). This result was contradictory 

to the findings of a previous study involving the inoculation of cells subcutaneously and beneath the 

renal capsule, which was frequently associated with the migration of cells from the inoculation site 

[11]. Our previous study conducted on inoculation of tumorigenic cells (including human iPSCs and 

F9 murine teratocarcinoma cells) into the pancreatic parenchyma observed that the grafted cells 

exhibited better proliferation activity as well as successfully formed solid tumors with 100% 

efficiency [32]. In our study, it was reported that the cells were retained at the injection sites when 

an inspection was performed one day after inoculation, while even a small number (~103) of cells 

could survive and proliferate in the in vivo environment [32]. Histological analysis of the tumors 

derived from human iPSCs revealed the presence of various types of differentiated cells, suggesting 

that the pancreatic environment does not affect the ability of iPSCs to differentiate into various cell 

types. Hence, it can be corroborated that adipose tissue could be considered as an ideal material 

for promoting the survival, proliferation, and differentiation of multipotent tumorigenic cells due to 

the exhibition of cellular differentiation by solid tumors derived from P19 ECCs, although their 

differentiation potential appears to be limited (see Figure 2B-g, h). In this context, further follow-up 

studies using iPSCs or ESCs, which are more vulnerable to multi-lineage differentiation, could be 

deemed necessary for confirming the suitability of adipose tissue for the differentiation of 

multipotent tumorigenic cells. 

Owing to the fact that adipose tissue can promptly support the proliferation and differentiation 

of multipotent tumorigenic cells led our study to investigate whether a small section of juvenile 

pancreatic tissue inoculated into the murine adipose can grow and mature. As depicted in (see 

Figure 1B), a fragment of the pancreatic tissue was inserted into a space formed after incision using 

microscissors. The resulting grafts were quite large (3~4 mm2 vs. ~8 mm2; see right panel of Figure 

3A-a vs. Figure 3A-b, c) when inspected one month after grafting, and had well-organized structures 

that were responsive to the antibodies specific for glucagon or insulin (see Figure 3B), suggesting 

the unerring efficacy of this approach for inducing the juvenile pancreatic tissues maturation. Hence, 

this concept could be put forth that as attempts were contrived for inducing the in vivo maturation 

of pancreatic  cells by transplanting intermediate cells (which are produced from human iPSCs in 

vitro and express the  cell-specific transcript of pancreatic and duodenal homeobox factor-1) in the 
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nude mice pancreatic parenchyma, it was observed that IPCs were generated in the grafts, which 

were later found to be strongly stained by anti-insulin antibodies when an inspection was 

undertaken six months after grafting [39, 40]. Analogous to these findings, IPCs may also be 

generated when human iPSC-derived intermediate cells are implanted into the adipose tissue of 

nude mice via the IAdICT procedure. 

5. Conclusion 

To conclude, this is the first study that depicts the feasibility of using adipose tissue as a tissue 

conducive to the proliferation and differentiation of multipotent tumorigenic cells as solid tumors. 

Our study’s novel approach, named “IAdICT”, appears to be an accurate and precise alternative for 

the “in vivo teratoma formation assay”, as it provides solid tumor formation with a 100% success 

rate using a small number (<103) of tumor cells. However, since IAdICT is an invasive procedure, it 

requires surgical interventions performed by duly experienced personnel with fully supporting 

anesthetic assistance for the experimental subjects to streamline the process. On the contrary, 

subcutaneous implantation can also be done via injections that permit forthright monitoring of 

teratoma development [16]. Furthermore, adipose tissue was discovered as a suitable medium for 

the maturation of juvenile tissues, including juvenile pancreatic tissue, after a procedural 

inoculation of a small section of the tissue in the adipose tissue layers. Hence, this approach may be 

of paramount importance in additional follow-up studies, which might be instrumental in extracting 

the usage of adipose tissue judiciously, as well as could further pinpoint and emphasize the 

formation of matured 3-D functional tissues. 
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