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Abstract

Background: With the recent interest in personalized medicine for cancer patients and immune 

therapy, the field of cancer vaccines has been resurrected. Previous autologous, whole cell tumor 

vaccine trials have not produced convincing results due, in part, to poor patient selection and 

inactivation methods that are harsh on the cells-methods that can alter protein structure and 

antigenic profiles making vaccine candidates ineffective in stimulating immune response to 

autochthonous tumor cells.

Materials and Methods: We investigated a novel method for inactivating tumor cells that uses 

UVA/UVB light and riboflavin (vitamin B2) (RF+UV). RF+UV inactivates the tumor cells’ ability 

to replicate, yet preserves tumor cell integrity and antigenicity.

Results: Our results demonstrate that proteins are preserved on the surface of RF+UV inactivated 

tumor cells, and that they are immunogenic via induction of dendritic cell maturation, increase in 

IFNγ production, and generation of tumor cell-specific IgG. Moreover, when formulated with an 

adjuvant (“Innocell vaccine”) and tested in different murine tumor primary and metastatic disease 

models, decreased tumor growth, decreased metastatic disease, and prolonged survival was 

observed. In addition, immune cells obtained from tumor tissue following vaccination had 

decreased exhausted and regulatory T cells, suggesting that activation of intra-tumoral T cells may 

be playing a role leading to reduced tumor growth.

Conclusions: This data suggests that the RF+UV inactivation of tumor cells may provide an 

efficacious method for generating autologous whole tumor cell vaccines for use in cancer patients.
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Introduction:

Cancer immunotherapy is currently an important treatment option for many patients with 

cancer. Over the years, various cancer vaccines have been developed and tested. Success in 

these studies has been hampered by how the cancer vaccines were generated1. Given our 

understanding of immune suppression, better technology is now available to induce response 

to a cancer vaccine, either alone, or more likely in combination with additional immune 

therapies2.

Inactivated vaccines can be prepared by a variety of approaches, including chemicals, such 

as paraformaldehyde, or radiation. Gamma and ultraviolet irradiation have also been used 

directly with success to inactivate white cells and prevent their replication 3–5. These 

processes do not work by selective means. Chemical approaches attack protein, enzymatic, 

lipid and nucleic acid components of the cells. Wavelengths of ultraviolet and gamma 

irradiation are absorbed by cellular nucleic acids and by cellular proteins components. The 

ultimate fate of the treated cells is death, but the manner in which that death occurs varies. 

This variability is crucial in developing approaches which use the cellular products derived 

from these processes for antigen presentation.

Riboflavin is a component of the B2 vitamin complex and is present in aerobic organisms6. 

It has found use as a photosensitizer in processes for the inactivation of pathogens in blood 

products by inactivating the ability of pathogens and white blood cells to replicate following 

treatment, while providing adequate retention of blood cell and protein functionality and 

integrity. Products treated by this process have been used in the blood bank setting for over 

10 years for use in routine transfusion medicine practice 7.

The goal of our work was to study the feasibility and applicability of generating autologous, 

whole cell tumor vaccines using RF+UV to inactivate tumor cells.

Materials and Methods

Cell lines.

Mouse breast carcinoma cell line 4T1, colon carcinoma CT26, and murine Lewis Lung 

Carcinoma (LLC) were purchased from ATCC. Mouse breast carcinoma cell line, PyMT, 

was a generous gift from Dr. Douglas Graham at the University of Colorado Anshutz 

Medical Campus. Human CRL-2577 and HepG2 cells were purchased from ATCC 

(Manassas, VI). All cell lines are treated on a regular basis with BM Cyclin (Roche, 

Bradford, CT) and validated for species and tumor type.

Animals.

Balb/c mice were purchased from Envigo (Denver, CO) and C57Bl/6 mice were purchased 

from Jackson Laboratories (Bar Harbor, ME) and housed in microisolator cages in the 

laboratory animal facility at Colorado State University. All animal experiments were 

approved by the Institutional Animal Care and Use Committee at Colorado State University.
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Tumor Induction and measurements.—C57BL/6 mice were inoculated with LLC 

cells in 100 ul phosphate buffered saline, in the flank, s.c. while under isofluorane 

anesthesia. Other C57Bl/6 mice were inoculated with PyMT cells in 100 μl phosphate 

buffered saline in the mammary fat pad while under isofluorane. Balb/c mice were 

inoculated with 4T1 tumor cells in 100 μl phosphate-buffered saline in the mammary fat pad 

under anesthesia. Tumor measurements were performed (every 2–3 days) using calipers and 

calculated using the longest tumor diameter multiplied by the tumor measurement 90 

degrees to the longest tumor diameter and represented as mm2.

RF+UV inactivation.

Tumor cells are processed into a single cell suspension and placed in cell-appropriate media 

+ 20% FBS, without antibiotics. Cells are transferred to a Mirasol™ blood collection bag 

(Terumo BCT, Lakewood, CO) and 35 mls of riboflavin is mixed with the cells, for a final 

concentration of 50 μmol/L. The cells are inactivated at 300 Joules UV, which takes ~ 2 

minutes. Cells are then sterilely collected and either used to prepare the Innocell vaccine or 

aliquoted and frozen in FBS + DMSO.

Proliferation assays.

Tumor cells or spleen cells were placed in culture for 24–72 hours. During the last 24 hours 

of the assay, EdU (Click-it assay, Thermo Fisher, Waltham, MA) was added to the cultures. 

After 24 hours, the cells were surface stained and/or permeabilized and stained with sulfo-

cyanine5-azide (Lumiprobe, Hunt Valley, MD). Cell data was collected on a Gallios Flow 

Cytometer (Beckman Coulter, Brea, CA) and analyzed using FlowJo Software (FlowJo, 

Ashland, OR).

Surface antigen staining.

Tumor cells were placed in 96-well plates and blocked with either normal mouse serum + 

anti-FcγIII + human IgG or normal human serum and then stained with either CD44, Sca1, 

EpCam, CD24, CD34, CD117, or CD90 (ThermoFisher, mouse) or GLUT-1 or HLA 

(ThermoFisher, human). Cells were washed in FACs buffer (2% FBS in PBS + azide) and 

then run on the Gallios and analyzed using FlowJo software.

Dendritic cell cultures.

Bone marrow was collected from C57Bl/6 mice, washed and placed in culture with 

recombinant IL-4 and GM-CSF. Media was changed every few days and when the culture 

was 6 days old, the DCs were removed from the culture and co-incubated with either media 

or RF+UV inactivated 4T1 ex vivo tumor cells for 48 hours. Flow cytometry was used to 

measure activated DCs, using antibodies against CD11c, CD11b, CD80, CD86, CD40 and 

MHC Class II (ThermoFisher).

IFNγ production.

IFNγ was measured in culture supernatants using a Mouse IFNγ ELISA (DuoSet, R&D 

Systems, Minneapolis, MN).
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Vaccine preparation.

Inactivated tumor cells were quantitated immediately after inactivation and frozen in 107 live 

cells. One vial of thawed cells was used to generate vaccines for 10 mice. Thawed cells were 

washed in PBS and added to a cationic-lipid DNA complex (CLDC)-based adjuvant8. A 1% 

carboxymethyl cellulose was added to the vaccine and mice were vaccinated by a s.c. 

injection in the skin above their radius bone, on both sides, while the mice were under 

isofluorane anethesia. This site drains to the axillary lymph nodes (data not shown). 

Vaccines were given in 200ul volumes, 100ul to each side. Following vaccination, mice 

received 100ul, i.p., of 60 mg/kg losartan in order to block recruitment of immune 

suppressive myeloid cells to the site of vaccine injection 9. Mice received 2 subsequent 

doses of 60 mg/kg losartan 24 and 48 hours after their first dose. Mice also received a 

booster dose of 100 μl CLDC i.p. 24 hours after the vaccines were given to further enhance 

immune activation.

Metastatic disease model.

Balb/c mice were injected with luciferase-expressing 4T1 tumor cells in the mammary fat 

pad in PBS. When tumors reached an average area of ~51 mm2 the tumors were surgically 

excised and tumor tissue was collected in media and stored at 4C overnight. The next day, 

the tumor tissues were minced, treated with collegenase (Clostridium histolyticum, Sigma, 

St Louis, MO) and filtered to remove undigested pieces of tumor. The single cell suspension 

was inactivated as described above. Mice were then vaccinated as described above. Starting 

2 days after surgery (1 day post the first Innocell vaccine), mice were injected with D-

luciferin (GoldBio, St Louis, MO), rested for 10 minutes, then imaged on an IVIS Imaging 

System (Perkin Elmer, Akron, OH) under anesthesia. Photon flux was calculated using the 

IVIS Imaging Software package.

Tumor Infiltrating Lymphocyte staining.

Tumors were excised from mice and collagenase digested into a single cell suspension. Cell 

number was quantitated and 500,000 cells per 96-well were plated. Cells were stained for 

CD45, CD3, CD4, CD8, PD-1, Lag3, Tim3 and CD25 (Thermo Fisher).

Statistical Analysis.

Differences between two groups were analyzed using a one or two-tailed Student’s t-test. 

Differences between multiple groups were analyzed using a One-way ANOVA. Differences 

between tumor growth over time was analyzed using a Two-way ANOVA, with repeated 

measures. Overall survival data was analyzed using a Log-rank Mantel-Cox test). A p-value 

of 0.05 or less was considered statistically significant. All statistical analysis was performed 

using Prism v7 or v8 software (GraphPad Software, San Diego, CA).

Results

Cells inactivated using RF+UV do not proliferate.

We evaluated treatment of tumor cells with RF+UV to induce complete inactivation. One 

million RF+UV treated cells obtained10 from ex vivo PyMT tumor tissue were injected s.c. 
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into C57Bl6 mice once a week for 3 weeks. The mice were monitored for 160 days after 

injection and no tumors were observed (data not shown). Inactivated PyMT ex vivo tumor 

cells were also injected into immune-deficient NOD/SCID mice. These mice also had no 

evidence of tumor formation 250 days after injection of the inactivated cells (data not 

shown). Visual observation of RF+UV inactivated cells in culture did not indicate active 

proliferation (data not shown). To confirm this objectively, we inactivated the fast-growing 

murine 4T1 breast carcinoma cell line. RF+UV inactivated 4T1 cells were monitored for 

proliferation at 24 and 72 hours following inactivation (Figure 1). No proliferation of the 

tumor cells in culture was observed following inactivation.

RF+UV inactivated tumor cells maintain surface protein expression and are immunogenic.

To determine if tumor cell protein expression was affected by the RF+UV inactivation 

process, we tested murine tumor cells lines for the expression of proteins prior to and 

following inactivation. As shown in Figure 2, expression of multiple tumor-associated 

surface proteins was not affected by the inactivation process, as demonstrated using two 

different murine tumor cell lines, 4T1 and the mouse lung carcinoma line, LLC. We also 

looked at expression of the known tumor-associated antigen, gp70, on a third mouse tumor 

cell line, CT26 mouse colon carcinoma 11. Surface expression of gp70 was maintained in 

CT26 tumor cells inactivated with RF+UV (Figure 3).

To determine if the RF+UV inactivated tumor cells were immunogenic, inactivated, ex vivo, 
LLC tumor cells, obtained from excision of LLC tumors from C57Bl/6 mice, were co-

cultured with immature, C57Bl/6 bone-marrow derived dendritic cells (DCs) for 24 or 48 

hours. We saw that the co-culturing of the inactivated LLC cells with the immature DCs 

resulted in an increased percentage of activated DCs as measured by surface expression of 

CD80, CD86 and CD40 (Figure 4A), and an increase in the geometric mean fluorescence 

intensity (MFI) of MHC Class II expression (Figure 4B).

Next, tumor cells obtained from ex vivo excision of 4T1 tumors grown in the mammary fat 

pad of Balb/c mice were RF+UV inactivated and combined with CpG ODN adjuvant and 

injected into healthy, naïve Balb/c mice. The mice were boosted 2 weeks later. One-week 

post-boost, spleen cells, upon ex vivo re-stimulation with RF+UV inactivated 4T1 tumor 

cells, showed increased production of IFNγ (Figure 4C). Moreover, 4T1 tumor cell-specific 

IgG antibodies were detected in the serum of the vaccinated mice (Figure 4D).

Lastly, we challenged spleen cells derived from untreated, 4T1-tumor bearing mice against 

both live 4T1 cell-line derived tumor cells and RF+UV-inactivated 4T1 cell-line derived 

tumor cells and measured T cell proliferation. As shown in Figure 5, there was an increase in 

proliferation of both subsets (CD4 and CD8) of T cells incubated with the inactivated 4T1 

cells compared to live 4T1 tumor cells.

RF+UV inactivated tumor cells formulated as part of an adjuvanted vaccine reduces 
primary and metastatic tumor cell growth

Primary Tumor Growth Suppression Studies—To evaluate the immunogenicity of 

the RF+UV inactivated tumor cells as part of a vaccine, we combined the inactivated tumor 
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cells with cationic liposome DNA complexes (CLDC) adjuvant and gave the vaccine as a 

once a week, s.c. injection in tumor-bearing mice. Initial studies looked at the effect of the 

Innocell vaccine on primary mammary tumor growth. PyMT tumor cells were orthotopically 

implanted into the mammary fat pad of C57Bl/6 mice. Once tumors measured ~1 cm in 

diameter, tumor tissue was surgically collected and the isolated cells were RF+UV 

inactivated. Other mice were injected with PyMT cells in the mammary fat pad and three 

days later were vaccinated with the PyMT Innocell vaccine, s.c. into the caudal area of both 

forelimbs to target the vaccine to the axillary draining lymph nodes (LNs), as vaccinating 

farther away from the location of a primary tumor produces a more robust immune response 
12. Mice also received 3 daily doses of losartan, initiated on the same day as the vaccine. 

Losartan, which has CCR2 antagonistic properties, was shown to reduce recruitment of 

inflammatory monocytes to vaccine-draining LNs9,13. As shown in Figure 6A, mice that 

received weekly Innocell vaccination had significantly reduced tumor growth compared to 

control mice. While the tumors continued to grow, the doubling time of the tumors from the 

vaccinated mice was significantly reduced compared to control mice (Figure 6B) and the 

vaccinated mice took longer to reach their euthanasia endpoint (tumors exceeding 15 mm in 

diameter, Figure 6C). A similar protocol was used in a C57Bl/6 mouse model of lung cancer 

(LLC) and produced similar results (Figure 7).

Metastatic Tumor Growth Suppression Studies—To study our vaccine in a more 

clinically relevant setting, we utilized primary tumors excised from 4T1 tumor-bearing mice 

to generate the RF+UV inactivated cells. In this case, the mice that the tumors were excised 

from were either treated with vehicle control, adjuvant alone (CLDC + losartan), or the 

Innocell vaccine generated from their autologous tumors and then monitored for the 

development and progression of metastatic disease. Specifically, Balb/c mice bearing 

orthotopic, luciferase-expressing 4T1 breast carcinoma tumors underwent surgical removal 

of their primary tumors when the average tumor size was approximately 50 mm2. It is 

known that when tumors reach this size, 100% of the mice will develop metastases in their 

lungs14. The excised tumors were then combined and the cells were treated with RF+UV. 

One day after the surgical removal of the tumors, mice received their first Innocell vaccine, 

and were revaccinated weekly thereafter. Mice were monitored for metastatic disease using 

IVIS imaging. There was a decrease in the metastatic burden of mice treated with the 4T1 

Innocell vaccine compared to the other two groups of mice (Figure 8A and B).

Despite these observations, a delay in the development of metastatic disease was not seen. 

This may have been due in part to the small number of mice per group. On day 14, 4 of the 5 

sham-treated mice had metastatic disease, while 3 of the 8 Innocell treated mice had 

evidence of disease (Figure 8B).

Innocell vaccine causes reduction in T regulatory cells and exhausted T cells.
—One facet of cancer is its ability to elicit immune suppression. Tumor cells can generate 

immune suppression through mechanisms such as direct contact with T cells via expression 

of checkpoint molecules, such as PD-L1, or through recruitment of immune suppressive 

cells, including T regulatory cells 15–17. To assess the functional state of the T cells in 

tumors of the Innocell vaccinated mice, LLC tumor-bearing mice received three Innocell 
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vaccines, one week apart. Three days after the third vaccine, Innocell-vaccinated and sham-

treated mice were euthanized and tumor tissue was collected for flow cytometry analysis of 

T cell functional status and T regulatory cells. There was a decrease in the percentage of 

CD4+ T cells that expressed CD25, a marker of T regulatory cells 18 (Figure 9A). In 

addition, there was a decrease in CD4+ and CD8+ T cells expressing Lag3 and Tim3, two 

immune checkpoint molecules 19,20 (Figure 9B and C). While there was not a difference in 

percentages of CD4+ or CD8+ T cells expressing PD-1, there was a difference in the amount 

of PD-1 expressed per CD4+ T cell as measured by mean fluorescence intensity (MFI, 

Figure 9D).

RF+UV inactivation of human tumor cells results in cells that are 
metabolically active, but not able to proliferate.—We wanted to evaluate if the RF

+UV would inactivate human tumor cells while preserving protein expression as observed in 

animal cell lines. The human colon carcinoma line, CRL-2577 was RF+UV inactivated and 

compared to non-inactivated cells. Figure 10A shows that while the untreated CRL-2577 

bound to EdU, the riboflavin/UV light inactivated tumor cells had no EdU-associated 

fluorescence. Cell adhesion to plastic was not observed with visual inspection of the 

cultured, RF+UV inactivated cells (data not shown).

Next, CRL-2577 and the human liver carcinoma cell line, Hep G2, were stained for 

expression of GLUT-1 and HLA. HepG2 expressed high levels of GLUT-1 and HLA, while 

the CRL-2577 cells expressed low levels of GLUT-1 and high levels of HLA (Figure 10B). 

Nonetheless, expression of both antigens following RF+UV inactivation was observed, with 

a noted increase in GLUT-1 by both cell lines after inactivation.

Discussion

Cell-based immune therapies have recently become important therapeutic options for certain 

cancers, particular hematologic neoplasias and chimeric-antigen receptor (CAR) T cell 

therapies. These therapies consist of targeting single, or limited tumor antigens, and work 

well for blood-derived tumors, where elimination of healthy cells in addition to neoplastic 

cells, is not detrimental to the patient. However, similar approaches to generating CAR T 

cells for solid tumors have been challenging. Thus, there is a need for better cell-based 

immune therapies for these tumors. Many groups have investigated the use of cancer 

vaccines to augment the anti-tumor immune response.

Many cancer vaccines are designed to target either one or a limited number of tumor-

associated antigens. However, it is known that tumor cells can mutate those antigens, 

rendering them yet again, invisible to the immune system. Thus, vaccines designed to target 

multiple antigens will likely provide greater success than those that target a limited set of 

antigens. Moreover, a majority of passenger mutations in cancer patients are unique to their 

tumor, so cancer vaccines that are personalized to the individual will likely have a greater 

success. For example, there have been demonstrated successes using neoantigen-based 

peptide cancer vaccines 21–23.
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Our preliminary data presented here suggests that RF+UV inactivation prevents tumor cell 

proliferation of both mouse and human tumor cells, prevents growth of the RF+UV 

inactivated tumor cells in vivo, while maintaining protein expression. Moreover, this 

inactivation process may make tumor cells more immunogenic by increasing DC maturation 

and IFNγ production in spleen cells for mice vaccinated with either inactivated tumor cells 

only, or the Innocell vaccine (and re-stimulated with RF+UV inactivated 4T1 cells in 

culture). We also noted the induction of CD4+ and CD8+ T cell proliferation in tumor-

bearing mice spleen cells, ex vivo following exposure to the vaccine.

Platelets treated by this process have been shown to demonstrate up-regulation of protein 

kinases such as p38 MAPK and expression of cell signaling agents24. These modifications in 

tumor cells may be responsible for the enhanced antigen presentation observed in treated 

products reported here. The effect that this may have relative to enhanced interaction of 

treated tumor cells with immune response cells in vivo requires further evaluation and study. 

Current studies are underway to investigate changes in RNA and protein expression 

following RF+UV inactivation.

When tested as part of a vaccine with adjuvant, the RF+UV tumor cells elicited reduced 

percentages of regulatory CD4+ T cells and immune exhausted T cells in the tumor 

microenvironment. These changes in the profile of tumor-infiltrating lymphocytes resulted in 

reduced primary tumor growth and reduced metastatic disease in mouse tumor models. This 

method is currently under investigation in a veterinary clinical setting in canine patients that 

spontaneously develop cancer. This setting can serve as a model for human disease.
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Figure 1. 
4T1 tumor cells were injected into the mammary fat pad of Balb/c mice. When tumors 

reached ~10mm in diameter, the mice were euthanized and tumors were removed, and 

processed into a single cell suspension. Some of the tumor cells were inactivated using RF

+UV (“Inactivated”). Some of the tumor cells were placed directly in culture (“Ex vivo”). 

The “Ex vivo” and “Inactivated cells,” along with the original 4T1 tumor cell line (“Live”) 

were incubated at 37C for 24 or 72 hours. Proliferation was measured using EdU staining, 

where the EdU was added during the last 24 hours of culture.
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Figure 2. 
(A). Murine breast carcinoma cell line, 4T1, or (B). murine lung carcinoma cell line, LLC, 

were inactivated using RF+UV. Surface expression of various proteins was measured using 

flow cytometry.
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Figure 3. 
CT26 tumor cells were inactivated using RF+UV and then stained for the known tumor 

antigen, gp70. Gp70 expression was maintained or increased on these cells. Shown are 

results of 3 independent assays.
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Figure 4. 
Immature dendritic cells (DCs) were derived from bone marrow of healthy C57Bl/6 mice 

and then cultured for 48 hours with RF+UV inactivated 4T1 ex vivo tumor cells. Mature 

DCs were measured by flow cytometry and defined as CD11c+ CD80+ CD86+ CD40+ cells 

and shown as percentage of CD11c+ cells (A) and by the increased MFI of Class II MHC on 

the CD11c+ DCs (B). (C). Spleen cells from these mice were re-stimulated in culture with 

inactivated 4T1 tumor cells for 72 hours and supernatants were screened for IFNγ by 

ELISA. (D). Serum was obtained from these mice and was tested at a 1:1000 dilution for 

binding to inactivated 4T1 cell line-derived tumor cells.
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Figure 5: 
RF+UV inactivated cells induce proliferation of T cells from spleens from 4T1-tumor 

bearing mice. Spleen cells were collected from Balb/c mice with orthotopic 4T1 tumors that 

were not treated. The cells were co-cultured with either live 4T1 tumor cells or RF+UV-

inactivated tumor cells for 72 hours and proliferation of CD4+ and CD8+ T cells was 

measured using EdU.
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Figure 6: 
C57Bl/6 mice were injected with PyMT tumor cells in the mammary fat pad. Three days 

later, the mice received their first vaccine consisting of RF+UV inactivated tumor cells 

(derived from ex vivo PyMT tumors) admixed with CLDC adjuvant and concurrent 3 day 

treatment with i.p. losartan (60 mg/kg), repeated weekly. (A). Tumor growth was measured 

and reported as tumor size (area in mm2). (B). Doubling time of the tumor area was 

significantly prolonged in mice treated with the Innocell vaccine (p =0.01, two-tailed t-test). 

(C). Overall survival of mice was significantly increased in mice treated with the Innocell 

vaccine (p = 0.0009, Log-rank Mantel-Cox test).
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Figure 7: 
Innocell vaccine reduces tumor growth in a murine lung carcinoma model. C57bl/6 mice 

were injected with LLC cells s.c. in the flank. Three days after tumor cell injection, mice 

were vaccinated with an LLC-based Innocell vaccine, consisting of RF+UV inactivated, 

LLC tumor cells admixed with CLDC adjuvant and co-administered with 3 daily doses of 

losartan (60 mg/kg).
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Figure 8: 
Metastatic disease development was monitored in mice using luciferase and IVIS imaging. 

(A). Mice receiving the Innocell vaccine had a significantly reduced luciferase photon flux 

on days 14 (adjuvant alone vs Innocell vaccine, p = 0.0157, two-way ANOVA with repeated 

measures) and day 16 (Control vs Innocell vaccine, p = 0.0119 and adjuvant vs Innocell 

vaccine, p = 0.0021 by two-way ANOVA with repeated measures). (B). IVIS images of the 

sham-treated mice vs the Innocell vaccinated mice on day 14.
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Figure 9. 
LLC tumor bearing mice were treated weekly with the Innocell vaccine. On day 20 post-

tumor cell injection, the mice were euthanized and tumor tissue collected for analysis by 

flow cytometry. (A). Innocell vaccinated mice had significantly less CD4+CD25+ T 

regulatory cells (*p = 0.004, two-tailed t-test). (B). CD4+ T cells and (C). CD8+ T cells 

were analyzed for expression of the immune checkpoint molecules PD-1, Lag3 and Tim3. 

(D). CD4+ T cells in the tumor had a significantly reduced expression level of PD-1 as 

determined by measuring MFI on the intra-tumor CD4+ T cells. *p-value = 0.04, two-tailed 

t-test).
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Figure 10. 
Human tumor cells inactivated with RF+UV do not proliferate and maintain surface antigen 

expression. (A). Human CRL-2577 cells were inactivated with RF+UV, rested in culture 

overnight, and then labeled with EdU for 6 hours before being stained with DAPI and 

imaged. Both live and inactivated cells stained with DAPI, while only the live cells stained 

with EdU, indicating that RF+UV inactivation inhibited proliferation of the human tumor 
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cells. (B). CRL-2577 and the human liver carcinoma line, Hep G2, were stained for 

expression of GLUT-1 and HLA prior to and following RF+UV inactivation.
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