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Objective: There is currently no effective medicine or supplement for clearance of high risk- human papillomavirus (HR-HPV) infections. We have taken a systematic approach evaluating the potential use of AHCC supplementation to support clearance of HR-HPV infections. The primary objective of this research was to evaluate AHCC supplementation to modulation of the host immune system to clear HR-HPV infections from bench to bedside.

Methods: Cervical cancer cells, CaSki (HPV16+), HeLa(HPV18+), SiHa(HPV16/18+), and C-33A(HPV−), were treated in vitro with AHCC 0.42 mg/mL daily x7 days then observed x7 days with daily sample collection. A confirmatory study in cervical cancer mouse models, SiHa(HPV16/18+) and C-33A(HPV−), was conducted: mice were divided into three groups per cell line then dosed with AHCC 50 mg/kg/d (N = 10), or vehicle alone (N = 10), or no supplementation (N = 10) for a total of 90 days followed by 30 days of observation. Tumors were measured 3x/week and blood samples collected bi-weekly to evaluate interferon (IFN) alpha(α), beta(β), and gamma(γ) and immunoglobulin G(IgG) by immunoassays. Tumors were evaluated for HR-HPV expression by PCR. Two pilot studies of 10 patients each were conducted in women with confirmed persistent HR-HPV+ infections. The 1st study evaluated AHCC 3g from 5 weeks up to 6 months and 2nd study evaluated AHCC 1g < 8 months. HR-HPV DNA status and the immune panel were monitored at each visit.

Results: HR-HPV clearance was observed in vitro and confirmed in the animal studies as a durable response. Four of six (66.7%) patients had confirmed HR-HPV clearance after 3–6 months of AHCC 3g. Similarly, 4 of 9 (44%) patients had confirmed HR-HPV clearance after 7 months of AHCC 1g. Suppression of IFNβ <25 pg/mL was observed in those clearing the HR-HPV infection.

Conclusion: Pre-clinical in vitro and in vivo studies demonstrated durable clearance of HR-HPV infections. The preliminary data from the two pilot studies suggested that AHCC supplementation supports the host immune system for successful clearance of HR-HPV infections. A confirmatory phase II randomized, double-blinded, placebo-controlled study is ongoing.
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INTRODUCTION

Worldwide, cervical cancer is the fourth most common malignancy in women and a major cause of morbidity and mortality (1). It accounts for nearly 10% of all cancers, and ~265,700 women die from this disease every year worldwide (1). The etiology of cervical cancer has been identified and confirmed associated with high risk-human papillomavirus (HR-HPV) (2–5). The human papillomavirus (HPV) is classified as a non-enveloped, double stranded DNA virus that generally infects the epithelial layer of cells including cutaneous and mucosal surfaces and associated with benign warts, carcinoma in situ and ultimately malignant lesions (6, 7). When HR-HPV infections persist overtime, patients have an increased risk of developing cervical cancer (8).

The proprietary, standardized extract of cultured Lentinula edodes mycelia, AHCC (Amino Up Chemical Co. Ltd, Sapporo, Japan), was developed in Japan in 1992. Several studies have reported a variety of therapeutic effects, including antioxidant and anticancer activity and improvement of immune response (9, 10). In animal studies, AHCC has shown the ability to treat and prevent cancer, and modulate the immune system to prevent infectious processes (9–11). Gao et al. demonstrated the immunomodulating effects of AHCC in a study that showed enhanced antigen (Ag) activation of CD4 (+) and CD8 (+) T cells, and the increased frequency of tumor Ag-specific IFN-gamma producing CD8 (+) T cells as well as increases in cell numbers of NK cells and gamma delta T cells (10). In clinical studies AHCC has demonstrated benefit to decrease risk of infection and ameliorate symptoms of existing infections (9–11, 13). Since studies have demonstrated AHCC induces apoptosis (12–14), it is possible that AHCC may also prevent/delay tumor growth regardless of the role of HR-HPV.

This manuscript presents over a decade of research from bench to bedside to test the hypothesis that AHCC supplementation will modulate the host immune system to effectively clear chronic, persistent HR-HPV infections. There is currently no cure for persistent HR-HPV infections. Hence, confirmation of preclinical findings was essential before reporting of this data to demonstrate translation to humans. First preclinical study objectives were to evaluate if AHCC supplementation would clear HR-HPV expression in vitro and in vivo cervical cancer mouse models, and to define the mechanism of clearance of HR-HPV infections with AHCC supplementation. In the initial pilot studies, objectives were to evaluate if AHCC supplementation would modulate the host immune system to clear HR-HPV infections in women with confirmed, persistent HR-HPV infections, to determine duration of AHCC supplementation needed to clear HPV infections and confirm durability of response.

MATERIALS AND METHODS

Preclinical Studies

Chemicals and Reagents

AHCC was generously provided by Amino Up Chemical Co, Ltd. (Sapporo, Japan). Fetal bovine serum (FBS) and trypsin-EDTA were purchased from GIBCO Invitrogen Co. (Carlsband, CA). The 3-(4,5-dimethylthiazole)-2,5-diphenyl tetrazolium bromide (MTT) and dimethyl sulphoxide (DMSO) were purchased from Sigma-Aldrich Co. (St. Louis, MO). Ready–to–use sandwich ELISA kits for the detection of mouse IFN-alpha/beta, IFN-gamma were purchased from eBioscience (San Diego, CA). ELISA kit for the detection of mouse IgG1 was purchased from GenWay Biotech, Inc. (San Diego, CA).

Cell Culture

All human cervical cancer cell lines C-33A (HPV negative) and CaSKi (HPV16 positive), HeLa (HPV 18 positive), and SiHa (HPV16 & HPV18 positive) were obtained from the American Type Culture Collection (ATCC, Manassas, VA). The SiHa squamous cell carcinoma, HeLa adenocarcinoma, and C-33A carcinoma cell lines were propagated in a media consisting of EMEM with 2 mM L-glutamine and Earl's BSS adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM non-essential amino acids, 1.0 mM sodium pyruvate and 10% FBS. The CaSKi epidermoid carcinoma cell line was propagated in a media consisting of RPMI 1640 with 2 mM L-glutamine adjusted to contain 1.5 g/L sodium carbonate, 4.5 g/L glucose, 10 mM HEPES, 1.0 mM sodium pyruvate and 10% FBS. All cell lines were grown in 75-cm2 culture flasks in 5% CO2 in air at 37°C to 90% confluence. Cell lines used for this study were maintained for <15 passages to prevent major changes in cell line characteristics.

Drug Solutions

AHCC 40 mg/mL stock solution was prepared by dissolving 600 mg of AHCC powder in 15 mL phosphate buffered saline (PBS) and filters sterilized with 0.2 μm syringe filter. All additional dilutions were completed as required with the respective cell culture media for each cell line. The MTT stock solution was prepared by dissolving 54 mg of MTT in 20 mL PBS to achieve a final concentration of 0.3 mg/mL. Fresh standards and dilutions were made for each experiment.

In vitro AHCC Study to Evaluate Clearance of HR-HPV:

Growth inhibition assays were conducted as previously described (12). The IC20 (inhibitory concentration to achieve 20% cell death), and IC50 for AHCC and each cell line were calculated (Table 1). During the designing and planning of this pre-clinical research study, the achievable AHCC human systemic plasma concentration data was unavailable to investigators. Based on the current recommended dosage of 3 g total daily dose as instructed by the manufacturer, assuming 100% bioavailability and using an estimated total blood volume of an average adult of seven liters the highest achievable plasma concentration would be 0.42 mg/mL which was below the IC20 concentration so would not by cytotoxic to the cell lines. Hence for all of the in vitro studies, the 0.42 mg/mL concentration was selected as an estimate of the clinically relevant concentration. All experiments were done in quadruplicate. Five million cells of SiHa (HPV 16/18 positive) and C-33A (HPV negative) were treated in T25 flasks, one time with AHCC (0.42 mg/mL) for 72 h (Table 1). The IC20 concentration was selected to maintain cell viability, yet high enough concentration of AHCC to “clear” the HR-HPV infection. Untreated cells served as a control. Cells were harvested at 24, 48, and 72 h time periods. The same experiment was repeated for 7 days with addition of fresh AHCC (0.42 mg/mL) every 24 h, then observed for an additional 7 days. Untreated cells served as a control. Cells were harvested once every 24 h for total of 14 days during supplementation and observation phases of the study. DNA was extracted from all samples and used for PCR as described below.


Table 1. Summary of in-vitro cytotoxicity: Four cervical cancer cell lines were supplemented with AHCC.
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Human Cervical Cancer Mouse Models

There currently is not an ideal mouse model for evaluating HR-HPV infections alone. A cervical cancer model was selected as best surrogate for evaluating elimination of HR-HPV infections because the SiHa human cervical cancer cell line expresses both HPV16 and HPV18. The C33 tumor model was selected as a HPV negative control for the study. The protocol was reviewed and approved by the institutional animal welfare committee (AWC) prior to initiating any animal work. For this study, 70 female athymic/immune-suppressed mice, 6–8 weeks old, were obtained from Harlan Laboratories (Houston, Texas). All the mice weighed about 22–26 g; they were maintained five per cage in specific pathogen free (SPF) barrier room, with a temperature of 22 ± 3 and 45 ± 3°C RH%. There was free access to autoclaved food and reverse osmosis autoclaved water. The experiment procedures and the handling of the mice were in strict accordance with the guide for the care and use of laboratory animals. There was a group of healthy controls which had 10 athymic/immune-suppressed mice in it, they were not treated throughout the study nor were they injected with any cancer cell lines and served as controls for immune marker monitoring. The remaining mice were divided into three groups of 10 for each cell line (N = 60 for two cell lines). There were three arms of this study: AHCC supplementation arm (N = 10), no supplementation control arm (N = 10) and a vehicle (autoclaved water) control arm (N = 10). The no supplementation control arm had no study intervention; Following traditional cancer chemoprevention models, the AHCC supplementation arm received an oral dose (50 mg/kg, in 0.25 mL, gastric gavage) and the vehicle control arm received an oral dose of autoclaved water (0.25 mL, gastric gavage) per day starting on day zero and continued until completion of the study (day 90) to evaluate if AHCC also has role in prevention of cancer growth. The dose of AHCC was selected based current estimated maximum recommended dosage of 3 g total daily dose as instructed by the manufacturer, assuming 100% bioavailability and using an estimated total blood volume of an average adult of 60 kg. It is also the dose used in previous AHCC studies in combination with chemotherapy. SiHa cells (0.5 × 106) and C33A cells (0.5 × 106) were dispersed in PBS with 20% matrigel and injected subcutaneously in female athymic/immune-suppressed mice on day 8 after 1 week of AHCC supplementation. Each mouse grew one tumor on the dorsal surface. Tumor measurements were obtained three times per week with electronic Vernier calipers (Mitutoyo, Utsunomiya, Japan). Mice were monitored daily for signs/symptoms of morbidity including but not limited to lethargy, weight loss, anorexia, or hunching. Mice were sacrificed via CO2 inhalation followed by cervical dislocation, when tumor diameter was >15 mm2, and if a 10% or greater decrease in body weight was found during the study period. Each group was subdivided into two groups A & B. Blood sample of 1% of the body weight, from all the mice of all groups were collected from their facial vein every 14 days in an EDTA containing tube, to carry on the assay for expression of different immune markers at the end of the study. The whole blood was centrifuged; the separated serums were collected in a tube and were stored at negative 20°C freezer. The serums of sub group A were tested for IgG1 and IFN γ, and the serums of sub group B were tested for IFNα/β. At the end of the study all the remaining mice were sacrificed, blood samples were collected by cardiac puncture, serums were separated, and stored at negative 20°C. Tumors were collected in cryovials and were stored at negative 80°C for further study in PCR studies to evaluate HR-HPV status as described below.

PCR-Based Analysis of HPV (16 or 18) DNA:

DNA extraction was done from treated and untreated cell samples as well as mouse tumor samples using Promega DNA extraction Kits (Madison, WI) according to manufacturer's protocol. The polymerase chain reaction (PCR) was used to detect the expression of human papilloma virus (HPV) gene as per the manufacturer's protocol using Promega-Master Mix Kit (Madison, WI). The analyses were performed on 500 ng of purified DNA of treated and untreated cell and tumor samples as described below. PCR reaction contained 500 ng of DNA, 4 μL of Master Mix, and 4 μL of each consensus primer (MY11, MY09, β-actin reverse and β-actin forward). Thirty cycles of start denaturation (95°C for 4 min), denaturation (94°C-1 min), annealing (55°C-1 min), and extension (72°C-1.5 min) were performed on a BioRad thermocycler. β-actin was used as the DNA loading control. After the completion of the reaction, 10 μL each of all PCR products were resolved on 1.5% agarose gel with ethidium bromide against 100 bp DNA ladder. The image was captured under UV illumination using Kodak Imaging Station (Kodak, Rochester, NY). The primer sequence of MY11 is DNA 5′ to 3′-GCM CAG GGW CAT AAY AAT GG and MY09 is DNA 5′ to 3′-CGT CCM ARR GGA WAG TGA TC. The sequence of β-actin forward primer is AAC TGG GAC GAC ATC GAG AA and the sequence of β-actin reverse primer is AGA GGC GTA CAG GGA TAG CA.

ELISA for the Detection of Immune Markers

Following the respective time point supplementation regimens of base line, week 2, week 4, week 6 and end time point, blood samples were collected from mice and serum was separated and stored at −20°C for ELISA assays for the detection of IgG, IFNα/β, and IFNγ. For each series of immune markers determinations, a standard curve was constructed with known concentrations of these markers according to the manufacturer's protocol. Sandwich ELISAs for the detection of total IgG, IFN α/β, and IFN γ were performed according to the manufacturer's protocol. Serum concentrations of these three markers were calculated from standard graphs and were compared with base line concentrations. The percent increase and/or decrease in the concentration of IgG, IFNα/β, and IFNγ were calculated.

Clinical-Studies

The pilot studies and study amendments (HSC-MS-12-0851) were approved by the Institutional Review Board of the University of Texas Health Science Center at Houston. Two pilot studies were conducted in women over the age of 30 with documented persistent HR-HPV infections for over 2 years or more, had laboratory values all within normal limits, normal histology up to CIN2 as documented by the primary gynecologist's records, and deemed otherwise healthy were enrolled on study. All patients signed informed consent to participate in each of the respective pilot studies. Patient demographic information was collected including: number of lifetime sexual partners, contraception methods, and periodic pregnancy testing throughout the study. Participants received either AHCC 1g by mouth once daily on an empty stomach for 6 months up to 8 months or AHCC 3g by mouth once daily on an empty stomach for 5 weeks up to 6 months to clear HR-HPV. HR-HPV testing was completed with Cervista HPV DNA testing (APTIMA, Hologic, Bedford, MA) in the AHCC 3g study. In the AHCC 1g study the patient samples were initially tested with HPV E6/E7 RNA testing (APTIMA, Hologic, Bedford, MA) and then all HPV RNA negative results confirmed or COBAS HPV DNA testing (Roche Molecular Systems, INC, Branchburg, NJ). A durable response was defined on remained HR-HPV negative by both HPV DNA and HPV RNA methods for at least 3 months during the observation period after stopping the AHCC supplementation. In both studies immune markers including IgG and IFN α/β/γ were monitored with ELISA assays as described above.

Data and Statistical Analysis

pre-clinical-studies

The “resource equation” method was employed to determine animal study sample size estimation (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3826013/). Briefly, an E-value that is equal to number of animals minus number of groups is calculated and ensured to be between 10 and 20. In this study there was independent comparisons of HR-HPV status as well as immune response between group 1(healthy control) vs. 2 (AHCC), 1 vs. 3 (vehicle control) and 1 vs. 4 (no supplementation control), thus E = (10 × 2)−2 = 18, which is within range. The student t-test analysis was used to evaluate the differences between the study arms that responded verses those that did not with p-values less than or equal to 0.05 considered significant.

clinical-study

The primary outcome for this study was the supplementation success rate, defined as the proportion of women free of HR-HPV infection at 6 months following initiation of supplementation. In this patient population, women with persistent HR-HPV infections, the expected clearance of HR-HPV infection on its own is zero to 10% (15). Persistent infection was defined by being HR-HPV positive consistently for >2 years that was confirmed by three or more consecutive HR-HPV positive tests results at least 6 months apart for more than 2 years. Since there is currently no active supplementation to clear HR-HPV infections, clinically any improvement in the response/clearance of HR-HPV infection in these women with persistent infections would be clinically significant. For this pilot study to determine if feasible and worth additional formal study, our target supplementation success rate was 25% or more. At a 0.05 confidence level, sample size was determined and its associated statistical power. The expected accrual was a minimum of 10 patients and a maximum of 25 patients to this study, and then follow patients for 1 month (28 days) after completion of supplementation. Patients who tested positive after 6 months of supplementation were considered supplementation failure. The student t-test analysis was used to evaluate the differences between the patients that responded verses those that did not with p-values less than or equal to 0.05 considered significant.

RESULTS

In the growth inhibition assays supplementation with AHCC for 72 h did not achieve any cell growth inhibition in any of the four human cervical cancer cell lines tested at clinically relevant concentration of 0.42 mg/mL. However, potential direct cytotoxicity was observed the concentration to achieve 50% growth inhibition (IC50), for AHCC ranged from 2.3 to 4 mg/mL in the four human cervical cancer cell lines however this is well above clinically achievable systemic concentrations. These results are summarized in Table 1.

Supplementation with AHCC 0.42 mg/mL one-time dose for 72-h incubation, suppressed HR-HPV expression with first 24 h, but then HR-HPV expression was recovered by 48 h. The results for the C33a (negative control) and SiHa (HPV16 & HPV18 positive) cell lines are summarized in Figure 1A. Supplementation with AHCC 0.42 mg/mL once every 24 h for seven consecutive days followed by 7 days of observation with no supplementation cleared HR-HPV expression in all four of the HR-HPV+ cervical cell lines. The representative results in the SiHa (HPV16+/18+) compared to C33a HPV negative control are summarized in Figure 1B.
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FIGURE 1. (A) The C-33A (HPV-) and SiHa(HPV 16/18+) human cervical cancer cell lines were supplemented in vitro with a one-time dose of AHCC 0.42 mg/mL and then incubated for 72 h. The study was completed in duplicate as described in materials and methods. While HR-HPV was suppressed for 24 h, it was not cleared evident by expression at 48 and 72 h. NT, non-treatment control. (B) The C-33A (HPV-) and SiHa(HPV16/18+) human cervical cancer cell lines were supplemented in vitro with daily fresh dose of AHCC 0.42 mg/mL once every 24 h for 5 days (120 h) as described in materials and methods. NT, non-treatment control. This was successful to eliminate HR-HPV expression in the SiHa cell line.



In the in vivo confirmatory mouse studies, AHCC 50 mg/kg by mouth once daily for 90 days was associated with clearance of the expression of HR-HPV that was sustained after 30 days off supplementation. These results are summarized in Figure 2. Since the tumors were infected with HR-HPV and not the mouse, interferon beta levels that are typically elevated in chronic infections were normal. Impact of AHCC daily supplementation in the mice studies focused on IFN γ and IgG levels that represented the Type II interferon and immune response increased with time and correlated with successful clearance of HR-HPV infections in the human cervical cancer mouse model. These results are summarized in Figures 3A,B. In the first AHCC 3g pilot study, initially patients enrolled on study received AHCC 3g once daily on an empty stomach for up to 5 weeks returning once a week for HR-HPV testing and research blood sampling for immune markers. Once they tested negative, the AHCC was stopped and HR-HPV testing repeated after off the AHCC supplementation. Based on data review the supplementation plan was modified to continue AHCC 3g once daily on an empty stomach with once monthly HR-HPV testing and blood sampling with a required minimum of 1 month of AHCC supplementation after the first negative result. Based on immune response data, protocol was modified again, to require minimum of 3 months and up to 6 months of continuous AHCC supplementation and still required at least 1 month of AHCC beyond first negative result. A total of 10 HR-HPV+ women were enrolled on study and received AHCC 3g daily. All participants had confirmed HR-HPV infections for >2 years and was confirmed again at time of enrollment. Specific HR-HPV strain typing was not financially feasible in the pilot studies. Patient demographic information is summarized in Table 2. Two patient had received AHCC 3g daily on an empty stomach for 5 weeks without a HR-HPV negative response and as per initial protocol design was taken off study which was prior to protocol modifications when minimum AHCC supplementation was extended up to 3 months based on immune response data. Two patients had received AHCC 3g daily on an empty stomach for 2 months without a HR-HPV negative response and were taken off study prior to achieving an IFNβ level < 25 pg/mL. Based on immune response data the duration of AHCC supplementation was extended to up to 6 months. The remaining six patients had received a minimum of 3 months and up to 6 months of AHCC 3g once daily on an empty stomach (= 1 h before meals or 2 h after). Of these six patients, four (66.7%) patients were able to achieve a durable response represented by INF-β level decreasing then staying <25 pg/mL and confirmed no HR-HPV DNA for >30 days off supplementation (p < 0.05). IFN-β immune response is summarized in Figure 4A that showed IFN-β levels below level of 25 pg/mL was associated with a successful, durable clearance of persistent, HR-HPV infections. All patients tolerated the AHCC 3g daily on an empty stomach supplementation well with no reported side effects.
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FIGURE 2. There were three arms in the animal study: AHCC supplementation arm (N = 10), no supplementation control arm (N = 10) and a vehicle (autoclaved water) control arm (N = 10). The AHCC supplementation arm received an oral dose (50 mg/kg, in 0.25 mL, gastric gavage); the no supplementation control had no study intervention, and the vehicle control arm received an oral dose of autoclaved water (0.25 mL, gastric gavage) per day starting on day zero and continued until completion of the study (day 90). TX1 represents at end of treatment and TX2 represents study day 90 which was 30 days after stopping AHCC supplementation. The absence of HR-HPV in the SiHa cell lines at TX1 and TX2 confirmed clearance of HR-HPV. NT, non-treatment control; VC, vehicle/placebo control.
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FIGURE 3. This represents immune marker data from animal studies including the IFN-γ, type II interferon associated with clearing viral infections, and IgG, antibody associated with immune response to viral infections, levels after 30 days AHCC 50 mg/kg supplementation once daily in mouse models as described in methods and materials. AHCC daily supplementation on IFN-γ and IgG levels increased with time and correlated with successful clearance of HR-HPV infections in the SiHa (HPV 16/18+) mouse model. (A) IFN-γ level response (NOTE: y-axis starts at 30 pg/mL) p < 0.03 (B) IgG1 level response, p < 0.04.




Table 2. Summary of patient demographics for AHCC pilot studies.
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FIGURE 4. (A) AHCC 3g supplementation (B) AHCC 1g supplementation. IFN-β is a Type-1 IFN often associated with virulence of chronic viral infections. Chronic viral infections are often associated with high levels of IFN-β that leads to suppression of the production of IFN-γ and NK/T-cell cytotoxic cell immunity. It was observed in both pilot studies AHCC supplementation suppression of host IFN-β levels below level of 25 pg/mL that lead to modulation of the cytotoxic cell immunity to a successful, durable clearance of persistent, high risk HR-HPV infections.



A separate AHCC 1g follow up pilot study was initiated to determine if a lower dose of AHCC supplementation would also be effective. Patients received AHCC 1g daily on an empty stomach for at least 6 and up to 8 months. Ten women with confirmed persistent HR-HPV infections for >2 years were enrolled. Patient demographics are summarized in Table 2. One patient was taken off the study due to non-compliance with the study protocol, of the remaining nine patients completing the study there were 4 of 9 (44%) patients that had confirmed HR-HPV clearance after 7 months of AHCC 1g supplementation daily on an empty stomach. Again IFNβ suppression <25 pg/mL was confirmed as marker for successful clearance of HR-HPV infection. (Figure 4B) All patients tolerated the AHCC 1g supplementation daily on an empty stomach well with no reported side effects.

DISCUSSION

The presented bench-to-bedside research provides step-wise data to support the hypothesis that AHCC supplementation modulates host immune system, specifically via suppression of elevated IFNβ levels, to effectively clear chronic, persistent HR-HPV infections. After observing elimination of HR-HPV in vitro in the panel of human cervical cancer cell lines, animal studies were completed that also demonstrated successful, durable elimination of HR-HPV after completing AHCC supplementation. Finally, in two “proof of concept” pilot studies of daily AHCC supplementation successful elimination of HR-HPV was achieved that was durable response. Both the animal and human data suggests the mechanism AHCC supplementation supports the host immune system to clear HPV infections is attributed to the modulation of the expression and signaling of IFNβ that is known to be elevated in chronic viral infections (16, 17).

In previous CMV mouse model studies have demonstrated that IFNβ, type I interferon, is associated with virulence of the infection with significantly elevated levels in chronic/persistent viral infections (16, 17). The elevated levels of the IFNβ suppress the release/production of type II interferon (IFNγ) necessary to clear viral infections (16, 17). Hence, the suppression of IFNβ resulted in clearance of the CMV infection (16, 17). HR-HPV, like many viruses such as CMV, has evolved strategies to counteract interferon (IFN) signaling pathways. Specifically, interferon regulatory factors (IRFs) can promote cell immunity as well as promote oncogenesis pathway in response to a variety of extracellular signals (18, 19). Specifically, IRF-2 has been shown to activate HR-HPV E6/E7 gene expression and promote oncogenesis pathway (20). However, eventually in persistent infections, IFNα/β also induce IRF-1 that will help sustain persistent viral gene expression (21, 22). Lace et al. have confirmed that elevated IFNβ levels will induce IRF-1 and IRF-2 promoting HPV16 persistent infections (23). Recently two independent research teams evaluating lymphocytic choriomeningitis virus (LCMV) persistent infections have demonstrated that suppression of chronic IFNβ signaling can reset the host immunity and enable control and clearance of persistent viral infections (16, 17). This research presented here is the first to define that it is actually this mechanism of suppression of IFNβ (type I interferon) by AHCC led to an upregulation of IFNγ (type II interferon) and ultimate clearance of persistent HR-HPV infections.

There are some limitations to data presented. First, in the preclinical setting there is no established HR-HPV animal model which has also been a challenge for in the pre-clinical development of HPV vaccines. As a surrogate a human tumor infected with HR-HPV was employed to determine if the HR-HPV infection could be cleared with AHCC supplementation and was durable response after AHCC supplementation was stopped. In addition, in both the pre-clinical and clinical studies it would be ideal to confirm eradication with quantitative PCR methods as well as evaluate other immune markers such as CD8+ T-cells or natural killer (NK) cells but due to limited funding and being exploratory study, an exhaustive immune panel evaluation could not be completed. However, in the ongoing phase II confirmation study these studies are being evaluated.

There are limited effective treatment options for clearing HR-HPV infections; majority being local treatment modalities is to alleviate symptoms and remove symptomatic lesions that often reoccur. Fortunately, most HR-HPV infections are cleared within 6–18 months on their own without interventions; only ~10% of women will suffer from persistent HR-HPV infections (15, 24). To date, there is no readily available effective systemic interventions to clear HR-HPV infections. Currently prevention of HR-HPV infections with the HPV vaccine nine-valent product before exposure to HPV has demonstrated the best potential for eliminating HR-HPV infections. However, these vaccines have little benefit in those already infected with HR-HPV infections.

This bench to bedsides studies are the first preliminary study to demonstrate AHCC supplementation modulates the host immune response to effectively clear of HR-HPV infections. Similar to other chronic viral infections IFNβ suppression was confirmed as marker of durable clearance of HR-HPV infection. AHCC 3g achieved response slightly faster and more consistently than the AHCC 1g. These preliminary findings are very encouraging and await confirmation from the ongoing phase II randomized, double-blinded, placebo controlled study in 50 women with confirmed HR-HPV+ infections. Futures studies will focus on the potential role for AHCC supplementation in combination with chemotherapy for the treatment of HR-HPV-related cancers.
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