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Abstract

Mice engrafted with human CD34+ hematopoietic stem and progenitor cells (CD34+-HSPCs) have 

been used to study human infection, diabetes, sepsis and burn, suggesting that they could be highly 

amenable to characterizing the human inflammatory response to injury. To this end, we analyzed 

human leukocytes infiltrating subcutaneous implants of polytetrafluoroethylene (PVA) sponges in 

immunodeficient NSG mice reconstituted with CD34+-HSPCs. We report that human CD45+ 

(hCD45+) leukocytes were present in PVA sponges 3 and 7 days post-implantation and could be 

localized within the sponges by immunohistochemistry. The different CD45+ sub-types were 

characterized by flow cytometry and the profile of human cytokines they secreted into PVA wound 

fluid was assessed using a human-specific multiplex bead analyses of human IL-12p70, TNFα, 

IL-10, IL-6, IL1β, and IL-8. This enabled tracking the functional contributions of HLA-DR+, 

CD33+, CD19+, CD62L+, CD11b+ or CX3CR1+ hCD45+ infiltrating inflammatory leukocytes. 

PCR of cDNA prepared from these cells enabled the assessment and differentiation of human, 

mouse and uniquely human genes. These findings support the hypothesis that mice engrafted with 

CD34+-HSPCs can be deployed as precision avatars to study the human inflammatory response to 

injury.

Introduction

The possibility that there might exist species-specific differences in the response to injury 

was first raised when global leukocyte gene expression levels were compared in humans and 
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mice after trauma, burn or infection (1). Although initially controversial (2–4), these reports 

renewed a long-standing scientific dialogue on whether differences in mouse and human 

responses can be ignored in translational models of human disease (5–10). Fortunately, 

several approaches exist that enable investigators to study human genes and human cell 

responsiveness in an experimentally tractable mouse background. For example, when the 

HIV/AIDS research community encountered problems modeling the disease progression in 

standard mouse models because of the human-specific tropism of the HIV virus, they 

created chimeric mice with human CD34+-HSPCs grafts to study infection (11–13). Since 

then, the wider availability of these models has led to their widespread use to study other 

human diseases including diabetes, sepsis and burn injury (14–21).

Mice engrafted with human immune cells offer several advantages to injury research. 

Historically, research in wound repair and regeneration has almost universally focused on 

genes that are highly conserved between species, with little attention to the contribution of 

genes that are exclusively present (i.e. uniquely human genes) or absent in one or another 

species. Such protein coding uniquely human genes are generated by complete and/or partial 

gene duplication, gene rearrangement, silencing, mutagenesis or endogenization of foreign 

DNA that have a defined biological activity (22). Indeed, genomic comparisons between 

humans and mice reveal that many genes in the human genome have no mouse ortholog, and 

vice versa (23). For example, some mouse genes such as the SIGLEC encoding cmah are not 

expressed in humans (24), which when knocked out of the mouse genome creates a “human 

phenotype” (25). In this paper we focused on uniquely human genes that have clearly 

defined biological activities (i.e. TBC1D3, ARHGAP11B, CHRFAM7A) (22, 26–29), and 

specific relevance to signaling and human disease (30–36). Moreover, because these genes 

are over-represented in inflammatory cells (22), there is a need to define their role in 

inflammation and injury. Together, they are thought to participate in biochemical networks 

of signal transduction and, growth factor and cytokine responsiveness (37) leading to the 

hypothesis that species-specific inflammatory responses may be implicated in human wound 

repair and tissue regeneration (22).

Building on an emerging interest in uniquely human genes and their possible role(s) in the 

human response to injury, we explored the feasibility of adapting subcutaneous implants of 

polyvinylalcohol (PVA) sponges as an experimental model of human inflammation (38, 39). 

This model is based on human studies of the inflammatory response to foreign objects and to 

characterize the subtypes of cells that infiltrate human wounds (40–42). Here, we compare 

the inflammation response of mice reconstituted with human CD34+-hematopoietic stem 

and progenitor cells (CD34+-HSPCs) with control mice lacking CD34+-HSPCs using a 

combination of flow cytometry and immunohistochemistry to define the kinetics and profile 

of cells recruited to the PVA sponge implant. Species-specific multiplex cytokine bead 

arrays were used to identify human cytokines secreted into the PVA sponge fluid, and using 

RT-PCR, identified uniquely human genes expressed in mice engrafted with human CD34+-

HSPCs compared to control mice. Together, these studies define a novel strategy in which 

the human response to inflammation can be analyzed in a mouse model.
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Materials and Methods

Animals

All immunodeficient NOD-SCID-IL2Rγ−− (NSG) mice were reconstituted with human 

CD34+-HSPCs by Jackson Labs as previously described (#715557, Jackson Labs, Bar 

Harbor, ME) (43, 44). Briefly, 3 week old NSG female mice were subjected to whole body 

sub-lethal 140 cGy irradiation and administered 105 human fetal liver CD34+ HSPCs 4 

hours later by intravenous tail vein injection. Engraftment was evaluated 12 weeks post-

injection by flow cytometry after red blood cell lysis by Jackson Labs to quantify levels of 

human circulating cells expressing the human CD45 (hCD45+) antigen (See Figure 1A). 

Mice were then used at 14–18 weeks of age for subsequent PVA sponge model assays to 

examine hCD45+ cells in peripheral sites of inflammation (45). All animal procedures were 

approved by the UCSD Institutional Animal Care and Use Committee.

PVA Sponge Model

Implantation of PVA sponges (PVA Unlimited, Inc., Warsaw, IN) was performed in NSG 

mice 12–16 weeks post-CD34+-HSPC engraftment. Sponges (4 mm) were first hydrated in 

PBS, autoclaved and then aseptically implanted (N = 3) subcutaneously on the dorsum of 

recipient animals (38, 40, 46). At the indicated times, PVA sponges were removed and 

processed for immunohistochemistry, flow cytometry, cytokine analysis, or RT-PCR as 

described below. For immunohistochemical analyses, intact PVA sponges were fixed 

immediately at the time of harvest for 16 hours in 10% buffered formalin, followed by 70% 

ethanol and embedding in paraffin in the UCSD Histology Core. To prepare samples for cell 

and cytokine analyses, cells that had infiltrated the PVA sponge were flushed using a blunt 

forceps to compress the sponge 2–3 times into 1 mL of sterile PBS as described previously 

(46, 47) and detailed in the optimization assays shown in Supplementary Data Figure 1. The 

resulting cell suspension was then centrifuged at 500xg for 5 minutes and the supernatant 

immediately frozen. The cell fraction (pellet) was processed immediately for flow cytometry 

as described below. When gene expression was evaluated, the cell fraction (pellet) was 

placed in TRIzol (see below). The supernatant was analyzed for cytokine analysis (see 

below).

Antibodies and Reagents

Antibodies used for flow cytometry and for immunohistochemistry are summarized in Table 

I. Unless otherwise indicated, all other reagents were obtained from Sigma (St. Louis, MO).

Flow Cytometry

Cell staining of the recovered PVA exudate was first optimized using isotype-matched 

antibodies and/or using fluorescence minus one (FMO) analyses for analysis in FlowJo. 

Cells were processed for flow cytometry in PBS supplemented with 1.0% fetal bovine serum 

using a BD Biosciences Accuri flow cytometer and the data generated was analyzed using 

FlowJo software (Treestar, Ashland, OR). In all experiments, gating was set to a minimum 

of 10,000 viable cells, as determined by staining with 7-AAD as described by the 

manufacturer (BD Biosciences, San Jose, CA) and analyzed by forward and side scatter.
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Immunohistochemistry

Tissue sections (10 μm) of the paraffin-embedded PVA sponges were de-waxed and 

incubated with citrate buffer (0.01 M Citric Acid, 0.05% Tween 20, pH 6.0) for 20 minutes 

at 95°C for antigen retrieval. After quenching endogenous peroxidase enzymatic activity 

with 3% hydrogen peroxide and blocking endogenous biotin and binding sites as described 

by the manufacturer (Vector Labs, Burlingame, CA), the sections were subjected to 

immunostaining with anti-fibrinogen antibody (DAKO, Carpenteria, CA) and detection with 

an anti-rabbit Vectastain kit (Vector Labs, #PK-4001). Similarly, hCD45+ cells were 

detected with anti-CD45 antibody (BD Biosciences) using a Vectastain kit and DAB 

detection. Exposure-matched micrographs of immunostained slides were captured with an 

FSX100 microscope (Olympus America, Center Valley, PA).

Cytometric Bead Array Analysis

The supernatants collected from flushed PVA sponges (see above) were collected in a fixed 

1.0 mL volume of PBS and analyzed for levels of human IL-12p70, TNFα, IL-10, IL-6, 

IL1β, and IL-8 (#551811, BD Biosciences) using species-specific cytokine bead arrays 

(CBA). Mouse MCP-1, IL-6, TNFα, and IL-10 were also detected with CBA (#552364, BD 

Biosciences). Standard curves using human and mouse proteins were used to measure 

cytokine concentration and confirm specificity of the anti-human reagents in detecting only 

recombinant human cytokines, and the specificity of anti-mouse reagents in detecting only 

mouse cytokines. Data was analyzed with FCAP software (BD Biosciences) as described by 

the manufacturer.

RNA extraction and reverse transcription polymerase chain reaction

Total RNA was isolated from cells, mRNA purified over poly-T columns and 1 μg of mRNA 

reverse transcribed using the iScript cDNA synthesis kit (#170-889, Bio-Rad, Hercules, 

CA). PCR amplification of cDNA was done in a 50 μL volume containing 10 μL of 5x 

Buffer, 1.5 μL DMSO, 10 μM of each primer in 1 μL, 10 mM of each dNTP in 1 μL, and 0.5 

μL of Phusion Taq polymerase (#M0530, New England BioLabs, Ipswich, MA). The PCR 

mixture was initially incubated at 98°C for 5 minutes followed by 40 cycles of denaturation 

at 98°C for 15 seconds, annealing at 60°C for 15 seconds and extension at 72°C for 25 

seconds and a final extension at 72°C for 5 minutes. 10 μL of each PCR product was 

analyzed on a 2% agarose gels. The following primer pairs were used to detect gene 

expression:

CHRFAM7A (48):

5′-ATAGCTGCAAACTGCGATA-3′ (forward) and

5′-CAGCGTACATCGATGTAGCAG-3′ (reverse)

TBC1D3 (29):

5′-GCATCGACCGGGACGTAAG-3′ (forward) and

5′-CCTCCGGGTTGTACTCCTCAT-3′ (reverse)

ARHGAP11B (27):
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5′-ATGTGGGATCAGAGGCTGGTGAA-3′ (forward) and

5′-AAGGAGGTGCAGAAGATAGGCA-3′ (reverse)

human GAPDH (48)

5′-CATGAGAAGTATGACAACAGCCT-3′ (forward) and

5′-AGTCCTTCCACGATACCAAAGT-3′ (reverse)

The sequence of mouse GAPDH primers (Qiagen Cat #QT01658692) is held by the 

manufacturer.

Statistical Analysis

Data analyses were performed with Graphpad Prism 6.0d (San Diego, CA), with statistical 

significance determined by a Mann-Whitney two-tailed t-test, and presented as standard 

deviation, with all data reproduced in at least two separate assays.

Results

NSG mice reconstituted with human CD34+-HSPCs support the expansion and recruitment 
of human leukocytes into subcutaneous implants of PVA sponge

To establish the levels of engraftment of NOD-SCID-IL2Rγ−− (NSG) mice with human 

CD34+-HPSCs, peripheral blood was subjected to flow cytometric analysis to detect 

circulating levels of human CD45+ cells (hCD45+), with 75% +/−4% of total viable 

circulating cells being hCD45+ (Figure 1A). This level is consistent with published data 

demonstrating the engraftment and expansion of human leukocytes in the murine niche of 

NSG mice (49–52). Next, we analyzed the profile of hCD45+ and mouse CD45+ (mCD45+) 

cells recruited to PVA sponges 7 days after subcutaneous implantation using species-specific 

anti-human and anti-mouse CD45 antibodies, to distinguish hCD45+ and mCD45+ cells, 

respectively. As shown in Figure 1B, we compared the recruitment of mCD45+ and hCD45+ 

cells in immune-competent BALB/c mice, in immune-deficient NSG mice lacking human 

CD34+-HSPCs, and in hNSG mice that were engrafted with human CD34+-HSPCs. While 

we observed a robust infiltration of mCD45+ cells to the PVA sponge in all three groups, 

with approximately 25–70% of cells being mCD45+, hCD45+ cells were detected only in 

hNSG mice. These findings demonstrate that (a) normal mouse leukocytes mobilized to 

subcutaneous PVA sponges within 7 days of implantation in each of the hosts, (b) human 

leukocytes can be readily distinguished from their murine counterpart and (c) the 

engraftment of CD34+-HSPCs leads to the mobilization of human leukocytes into the 

circulation that are recruited to PVA sponge implants in vivo, in a profile that is similar to 

endogenous mouse leukocytes.

Immunolocalization of human leukocytes in PVA sponges 7 days after subcutaneous 
implantation

Immunohistochemistry was used to identify the distribution of hCD45+ cells in the PVA 

sponge implants in hNSG vs. control NSG mice (Figure 2). DAPI staining to detect nuclei 

was performed on paraffin sections of formalin-fixed PVA sponges to establish the 

localization of cells in the channels of the implant in both hNSG and NSG mice (Figure 2). 
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Immunostaining with anti-fibrinogen antibodies (Figure 2) revealed the deposition of 

extracellular matrix proteins on the luminal margins of channels of the PVA sponge that 

were similar in PVA harvested from NSG or hNSG mice. The distribution of cells and 

fibrinogen staining (Figure 2) was widespread across the PVA sponge, consistent with the 

foreign body response to PVA. As with flow cytometry analyses (see Figure 1 above), 

hCD45+ cells were localized only within PVA implants harvested from hNSG mice, while 

no hCD45+ staining was detected in control NSG mice that had no CD34+-HSPC 

engraftment (Figure 2C). Immunohistochemistry data localizing hCD45+ cells in PVA 

sponges confirms flow cytometry analyses showing that hNSG mice support the 

mobilization of human leukocytes to sites of inflammation in vivo.

Kinetics of human leukocyte trafficking to the implants of PVA sponge

Based on the dynamic change in the profile of myeloid-derived leukocytes and similar cell 

types that are recruited to subcutaneous implants in a foreign body reaction (38, 40, 46, 47, 

53–57), we analyzed the kinetics of human leukocyte mobilization in hNSG and NSG mice 

using markers for antigen presentation (HLA-DR), cell adhesion (CD62L), and B cells (i.e. 

CD19). We observed that there are dynamic and time-dependent changes in the recruitment 

of the hCD45+ cells that mobilize to PVA sponge implants in hNSG mice. As shown in 

Figure 3, analysis of hCD45+ cells demonstrated a peak increase in the number of MHC II+ 

(i.e. HLA-DR) cells at 3 vs. 7 days post-implantation (Figure 3A). Similarly, analysis of 

hCD45+ cells expressing L-selectin (CD62L), a protein essential for leukocyte-endothelial 

interactions (Figure 3B), and human CD19+, a marker for human B cells (Figure 3C), 

revealed peak responses at 3 days post-implantation (10–11% cells), followed by decreases 

by 7 days (Figure 3D). As expected, human cells were undetectable in the NSG control mice 

lacking human CD34+ HSPCs. These findings are consistent with the recruitment of a 

diverse profile of human leukocytes in hNSG mice immediately following inflammation 

challenge.

Kinetics of human CD45+ myeloid cell trafficking to the implants of PVA sponge

We next analyzed the profile of myeloid lineage cells that contribute to injury repair (Figure 

4). Therefore, hCD45+ cells were subjected to cell surface staining with markers for 

monocyte integrin CD11b, the chemokine receptor CX3CR1, and myeloid cell marker 

CD33, to extend the profiling of hCD45+ cells in Figure 3. Analyses of CD11b+ (Figure 

4A), CD33+ (Figure 4B), and CX3CR1+ (Figure 4C) markers on CD45+ cells showed a peak 

at 7 days for CD11b+ and CD33+ cells, and steady levels of CX3CR1+ cells at days 3 and 7 

(Figure 4). These results point to changes in human myeloid cell mobilization that parallel 

reported profiles observed for mouse cells (46).

Detection of human cytokines in the wound fluid of PVA sponges is dynamic and time 
dependent

To determine whether the human cells that mobilize to PVA sponges in mice are also 

biologically active and contribute to the inflammatory milieu, we assessed the levels of 

human interleukin-8 (IL-8), interleukin-6 (IL-6), interleukin-1 beta (IL1β), interleukin-12-

p70 (IL-12p70), tumor necrosis factor (TNFα), and interleukin-10 (IL-10) in the wound 

fluid associated with PVA sponges at 3 and 7 days post-implantation (Figure 5). The levels 
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of human IL-6 and human IL-8 derived from human cells were elevated at both 3 and 7 

days, while human IL1β levels increased from day 3 to day 7. In contrast, human TNFα 
peaked at day 3 compared to the lower levels at day 7. Human IL-12p70 and IL-10 were 

either not detected or were close to baseline at both time-points. The reagents did not cross-

react with recombinant mouse proteins (data not shown), as described in more detail in the 

Materials and Methods. Levels of mouse cytokines were also analyzed in the PVA sponge 

model, focusing on the same mouse strains used for the analysis of human cytokines. These 

findings support our hypothesis that subcutaneous inflammation induces the dynamic 

recruitment of biologically active human leukocytes in hNSG mice that conditions the 

microenvironment of the PVA sponge with human cytokines.

Human genes are detected in PVA sponges when infiltrated with human leukocytes

While the detection of human proteins (Figure 5) establishes that human cells produce 

proteins that have cognate orthologs in mouse and human, the presence of human cells in 

mice raises the possibility of studying human genes that have no mouse ortholog (i.e. 

uniquely human genes) (22). To this end, cells were recovered from PVA implants from 

either hNSG mice or control NSG mice and processed for RT-PCR to detect uniquely human 

genes. As shown in Figure 6, CHRFAM7A, a human specific gene that encodes a dominant 

negative subunit of the α7 nicotinic acetylcholine receptor (48, 58, 59) that is detectable in 

normal human leukocytes (hCD45), and in bone marrow (BM), and cells recruited to PVA 

sponges from hNSG mice (hNSG, top row, Figure 6A). In contrast, no gene is detected in 

mice when there is no human CD34+-HSPC engraftment (NSG). TBC1D3 (middle row, 

Figure 6B), a uniquely human gene that regulates growth factor responsiveness of human 

cells (28, 29, 60), and ARHGAP11B (bottom row, Figure 6C), a Rho GTPase that regulates 

differentiation (27), were also detected in the bone marrow and PVA sponge implants of 

hNSG mice. As expected, primers for both human and mouse GAPDH (Top row, Figure 6B) 

detected GAPDH in the appropriate cognate species, while none of the human genes were 

detected in NSG control samples. These findings demonstrate that hNSG mice can be used 

to analyze the expression of uniquely human genes in human leukocytes mobilized in an in 
vivo model of inflammation.

Discussion

For several years now, the HIV/AIDS research community has used human bone marrow 

grafts in immuno-deficient mice to study HIV/AIDS because HIV tropism for human cells 

made it impossible to study the biology of HIV infectivity in mice (61–64). More recently, 

and in large part because of their success, these human-mouse chimeric models have been 

adapted to study human responses in diabetes, sepsis and burn injury (14–21, 65). Here we 

build on the development of these chimeric mouse technologies (66, 67) to show that human 

myeloid cells can be analyzed in an in vivo model of cutaneous inflammation (46, 68, 69). In 

light of the fact that both differences and similarities exist between rodents and humans in 

their gene expression response to severe injury (2–4), it is noteworthy that mice grafted with 

human CD34+-HSPCs can contribute a additional repetoire of uniquely human genes that 

are normally absent from the mouse genome. This allows the study of their biological 
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activity in an experimental model that is conducive to prospective interventions like 

diabetes, wounding and injury.

The PVA sponge is a well-established model to study the foreign body response and the 

inflammatory response to a sterile implant that can be used to study inflammation responses 

associated with wound healing (38, 53, 57, 69). Here, we focused on the mobilization of 

human leukocytes to subcutaneous PVA sponge implants to characterize the human 

inflammation response to wound healing. We show that human leukocytes are actively 

mobilized to the implanted PVA sponges and identified the populations of infiltrating human 

leukocytes. In the past, the study of human myeloid cell differentiation at sites of human 

inflammation has been limited because of the focus on either blood and bone marrow-

derived macrophages for in vitro analysis (66, 70) or subcutaneous synthetic implants from 

human volunteers in vivo (38, 40–42). In contrast, mechanisms of mouse inflammation have 

advanced rapidly because of the availability of gene knockout and transgenic tools for the 

study of myeloid cell responses (i.e. macrophage and dendritic cell biology). Albina and 

colleagues have previously defined the murine myeloid response to PVA implants in 

immune competent mice, demonstrating that monocytes are recruited by Day 1 post-

implantation and develop into alternately activated macrophages by Day 7 (46). It should be 

noted that murine cytokine responses to the PVA sponge implants may be affected by the 

underlying mutations for NOD, Scid, and IL2Rγ when compared with the cytokine 

responses observed in a wildtype immune-competent strains such as Balb/c. In this study we 

are focused on characterizing human myeloid cell responses, therefore, we used NSG mice 

that support efficient engraftment of human cells.

Our focus on human myeloid cells in a PVA sponge model is based on NSG mice that lack 

NK cells, important mediators of immune cell-mediated clearance (18, 50, 51). Studies in 

standard and knockout mouse models have facilitated the improvement of ‘humanized’ 

mouse models by gene knock-in of human cytokine orthologs that enhance human-specific 

myeloid and lymphoid lineage levels and function (71, 72). Profiling of mouse cytokines in 

the hNSG model, as we have shown here, provides insight into the murine response to 

transplanted human cells. These observations can direct the refinement of next generation 

cytokine knock-in mice. While NSG mouse are immunodeficient in order to support the 

optimal engraftment of human CD34+-HSPCs in the bone marrow, these mice have also 

been well-documented to support the mobilization and circulation of human myeloid and 

lymphoid cells into stroma and peripheral organs (71, 73).

On a final note, while human genes lacking a mouse ortholog are not represented in current 

animal models, human genes can be introduced into the mouse genome by genetic 

engineering. However, such approaches may lack biochemical activity in mouse signaling 

networks. As shown here, the profile of human inflammatory cytokines that are secreted into 

the wound fluid in vivo can be assessed at specific endpoints. The fact that uniquely human 

genes like CHRFAM7A, TBC1D3, and ARHGAP11B can be analyzed in vivo shows that 

mice engineered to support human CD34+-HSPCs are amenable to a contextual study of 

uniquely human genes in human cells that are otherwise absent from the mice.
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With global analyses of segmental duplications in the human genome showing an 

enrichment of genes associated with immune adaption and defense (74), it is interesting to 

speculate that they contribute to the human-specific responses to inflammation as originally 

suggested by Seok et al (1). One example is TBC1D3, a Rab-GAP gene that evolved through 

the partial duplication of the RNTRE locus late in primate speciation but that lacks Rab-

GAP activity. Instead, it regulates ARF6-dependent macropinocytosis (60) presumably by 

regulating pools of GTP/GDP. In another, CHRFAM7A evolved as a partial recombination 

of a kinase gene fragment and a partial duplication of the α7 nicotinic acetylcholine anti-

inflammatory receptor (α7 nAchR). It functions as a human specific dominant negative 

inhibitor of the anti-inflammatory α7 nAchR (26, 48, 58, 59). Finally ARHGAP11B 

encodes a RhoGTPase that selectively regulates intracellular signaling in human progenitor 

cells (27) and, as we show here, is expressed in human leukocytes. Accordingly, it will be 

increasingly important to study human inflammation (23, 75) in systems where the function 

of uniquely human genes in myeloid cells (76, 77) can be explored in intact animal models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

PVA polyvinyl alcohol

NOD Non-obese diabetic

SCID Severe combined immunodeficiency

SSC side scatter

FSC Forward scatter

DAPI 4′,6-diamidino-2-phenylindole

NSG NOD-Scid-IL2Rγ−−

hNSG humanized NSG

CD34+-HSPC CD34+ hematopoietic stem and progenitor cells
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FIGURE 1. Characterization of the NSG mice reconstituted with human CD34+-HSPCs
(A) Flow cytometric analysis of peripheral blood of NSG mice 12 weeks post-engraftment 

with human CD34+-HSPCs (hNSG). (B) Flow cytometric analysis of hCD45+ vs. mCD45+ 

cells in subcutaneous PVA sponge 7 days post-implantation from BALB/c, NSG and hNSG 

mice. Each of the analyses is representative of at least three separate experiments.
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FIGURE 2. Immunohistochemical detection of human CD45+ cells in PVA sponge implants
(Top Row) Cells were localized in 7 day PVA sponge implants from hNSG and NSG mice 

using DAPI staining of nuclei. (Middle Row) Immunohistochemical detection of fibrinogen 

deposition of extracellular matrix associated with inflammation. (Bottom Row) Localization 

of hCD45 cells in PVA sponges from hNSG vs. NSG mice using a species-specific anti-

CD45 antibody. Micrographs are representative of at least three separate experiments. Size 

bar=32 microns.
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FIGURE 3. Kinetics of human CD45+ lineages trafficking to PVA sponge
(A) Overlay histogram analyses of the expression levels (x-axis) on human CD45+ cells of 

surface markers for major histocompatibility (HLA-DR), (B) L-selectin (CD62L) and (C) B 

cells (CD19) 3 and 7 days post-implantation. Gating on human hCD45+ cells, representative 

scatterplot analyses of (D) HLA-DR, CD62L, and CD19 is shown from one of at least two 

separate experiments from NSG mice at 3 days (left, hNSG mice at 3 days (middle), and 

hNSG mice at 7 days (right).

Baird et al. Page 16

Wound Repair Regen. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. Analysis of myeloid cell markers in PVA sponge implants
(A) Overlay histogram analysis of myeloid marker expression for CD11b, CX3CR1, and 

CD33 on human CD45+ cells 3 and 7 days post-implantation. Gating on human hCD45+ 

cells, representative scatterplot analyses of (B) CD11b, (C) CD33, and (D) CX3CR1 is 

shown from one of at least two separate experiments.
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FIGURE 5. Analysis of human and mouse cytokines in hNSG mice
A) Quantification of human cytokines using human-specific cytokine bead array (CBA) 

detection reagents for PVA sponge supernatant 3 and 7 days post-implantation from 

BALB/c, NSG, and hNSG mice. Balb/c mice were used as a wildtype immune competent 

mouse strain for general cross-comparison. CBA detected human IL-12p70, human TNFα, 

human IL-10, human IL-6, human hIL1β, and human IL-8. B) Quantification of mouse 

cytokines using mouse-specific CBA antibodies from the same PVA sponge supernatant the 

human cytokine analysis. CBA detected mouse MCP-1, mouse IL-6, mouse TNFα, and 

mouse IL-10. Species specificity of CBA antibody reagents was tested on recombinant 

cytokines as shown in Supplementary Figure 1. Sample size n=2 to n=7. *, P<0.05 as 

compared to the day-matched NSG control.
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FIGURE 6. Detection of uniquely human genes in the PVA sponge model in hNSG mice
RT-PCR was used for the detection of the expression of (A) uniquely human genes 

CHRFAM7A (Top row), TBC1D3 (middle row), and ARHGAP11B (bottom row) in hNSG 

mice from bone marrow (BM) and PVA sponge (PVA). Cells analyzed from NSG mice were 

used a negative control and primary human leukocytes cDNA (hCD45) used as a positive 

control. (B) Detection of human GAPDH in hNSG samples was a species specificity control, 

and detection of mouse GAPDH in all samples was a loading control.
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Table 1

Antibodies used for studies

Antibody Clone Vendor

human CD45 HI-30 or 2D1 BD

mouse CD45 30-F11 BD

CD11b CBRM1/5 eBioscience

CD33 WM53 BD

CD19 SJ25C1 BD

CX3CR1 2A9-1 Biolegend

HLA-DR G46-6 BD

CD62L DREG-56 Biolegend

Fibrinogen F0111 DAKO
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