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Abstract
Human papillomaviruses (HPVs) are a large family of double strand DNA viruses comprising more than 180 types. Infection with HPV is very common and it is associated with benign and malignant proliferation of skin and squamous mucosae. Many HPVs, considered low-risk such as HPV 6 and 11, produce warts; while high-risk viruses, such as HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, and 58, induce tumors. About 5% of all cancers in men and women are associated with HPV infection. Because there are not antiviral drugs for HPV infection, current therapies for low-risk HPV infections involve physical removal of the lesion by cryotherapy, trichloracetic acid, laser, or surgical removal. Surgical procedures are effective in the treatment of pre-cancerous lesions, however after these procedures, many recurrences appear due to new re-infections, or to failure of the procedure to eliminate the HPV. In addition, HPV can inhibit recognition of malignant cells by the immune system, leading to the development of cancer lesions. When this occurs, radiotherapy and chemotherapy are then used. Unfortunately, about 50% of the HPV-cancer patients still die. In the past decade, a better knowledge of the natural history of the virus-host interaction and of the immune response against this viral infection has brought new therapeutic strategies geared to modulate the immune system to generate an efficient virus-specific cytotoxic response. Novel HPV protein-expressing vaccines have shown some significant clinical efficacy and systemic HPV-specific cytotoxic T cell responses. This review will describe the current status of the several therapeutic strategies used to treat HPV-induced lesions, and discuss the various new therapies now being tested. 
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Core tip: Infection with human papillomavirus (HPV) is very common and it is associated with benign and malignant proliferation of skin and mucosae. Low-risk HPV produce warts; while high-risk HPV induce tumors. Because there are not antiviral drugs for HPV infection, current therapies involve surgical removal of the lesion. Unfortunately, after surgery many recurrences still appear and about 50% of the HPV-cancer patients die. In the past decade, new therapeutic strategies geared to generate an efficient virus-specific cytotoxic response have been developed. This review describes the current status of the several therapeutic strategies used to treat HPV-induced lesions.
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INTRODUCTION 
In the mid 70s human papilloma virus (HPV) was described as a mild viral infection that caused benign warts, that in most cases would regress spontaneously[1]. In few years however, it became evident that there are many HPV with selective tropism for various cutaneous mucosae, and that HPV infection could cause severe diseases. Especially, some HPVs infecting the ano-genital area are real oncogenic viruses that lead to cervical carcinoma[2], the seventh most common cancer in the world[3] and the second most common cancer among women[4].
More than 180 types of HPV have been identified from different lesions, classified by DNA sequences, and named sequentially[5]. HPV have selective tropism for cutaneous or mucosal epithelia and are divided into two groups: low-risk that cause benign lesions, named papillomas (small wart-like neoplasias) that usually regress on their own; and high-risk that cause malignant transformation and develop into large tumors. The two most common low-risk HPV are HPV 6 and HPV 11. They are responsible for 90% of genital warts and recurrent respiratory papillomas[6]. There are about 15 high-risk HPV causing around 95% of all cervical carcinomas[7]. The types HPV 16 and HPV 18 account for about 50% and 14% of all cases respectively[4]. High-risk HPV are also involved in other types of cancer. Around 80% of tumors of the anus, 60% of the vagina, and 40% of vulva and penis are induced by HPV, mainly the type HPV 16[8]. Also, around 60% of tongue, trough[9], and tonsil tumors are also caused by HPV[10].
Natural history studies of HPV show that 60% of sexually active people will be infected with at least one high-risk HPV during their lifetime[11]. Most of these infections are eliminated by the immune system in about 1 or 2 years from exposure[12]. However, in the remaining cases, the virus persists for a long time causing lesions that can progress into cancer[13]. Early detection of HPV-induced lesions becomes important in order to prevent the development of cancer. The best way to diagnose an HPV infection is to confirm the presence of HPV DNA in the lesion by hybridization or by PCR[14,15]. This type of testing is expensive and difficult to implement in poor parts of the world[16]. Therefore, regular screening of cytological (Pap smear) or colposcopic abnormalities, which are signs of HPV infection, continues to be an effective preventive strategy for cervical cancer[17] particularly in developing countries. Unfortunately, this strategy is not without problems. There is great variability due to the lack of trained personnel resulting in high rate of false negative results[18]. Clearly a combination of screening strategies is needed to detect as early as possible HPV-induced lesions.
Once HPV lesions are detected, the main therapeutic approach involves physical elimination of the lesion by cryotherapy, trichloracetic acid, laser or surgical removal[19]. In pre-cancerous lesions however, surgical procedures alone are not very effective, since recurrences occur at rates of 20%-30% or more with lesions both at previously treated sites due to failure of the procedure to eliminate the HPV, and at new sites due to new infections[20]. In addition, HPV can inhibit recognition of malignant cells by the immune system[21], leading to the development of cancer lesions. When this occurs, radiotherapy and chemotherapy are then used with relative success, since about 50% of the HPV-cancer patients still die[22]. Clearly, new therapeutic strategies are in urgent need to control the burden of HPV-related cancer[23]. 
The fact that most HPV infections are cleared spontaneously shows that the immune system can effectively eliminate virus-infected cells. But, in the case of persistent infections, the immune system clearly has failed. HPV has evolved several mechanisms to evade the immune system. First, HPV infects keratinocytes, which are distant form immune cells, presents a minimal expression of viral proteins in the keratinocyte, and thus does not induce lysis of keratinocytes. In addition, HPV down-regulates the expression of major histocompatibility complex (MHC) class I molecules, Toll-like receptor (TLR) 9, and cytokines such as, interferon and interleukin (IL)-8[21]. New therapeutic approaches take advantage of our knowledge on how the immune system deals with viral infections and eliminates virus-infected cells mainly through cytotoxic activity of various leukocytes, mainly T cells[21]. These new therapies involve the use of anticancer vaccines and intralesion immunotherapy with the idea to activate specific cytotoxicity towards HPV-infected cells[24,25]. In this review, we describe the current status of the several therapeutic strategies used to treat HPV-induced lesions, and discuss the various new therapies now being tested.

PAPILLOMAVIRUS
Papillomavirus belong to the Papovaviridae family of DNA viruses. These viruses contain a double strand DNA with 8000 pb approximately arranged in an 8 well-defined genes (Figure 1). Six early genes are involved in virus replication and two late genes are involved in virus assembly. HPV infect the epithelium of the cervix, and their replication is closely linked to the differentiation of the epithelium (Figure 2)[26,27].

IMMUNE RESPONSE TO HPV
Protection against viral infections is provided by both arms of the immune system. First, HPV can infect cells through damaged skin tissue. When the damage reaches the basal layer of the epidermis, the virions can infect dividing keratinocytes. The initial inflammatory response induced by tissue damage leads to infiltration of immune cells mainly neutrophils, followed by macrophages and later lymphocytes. These nonspecific innate immune cells detect “danger” by recognizing viral molecules, such as the double-stranded DNA HPV genome or the L1 and L2 capside proteins. These molecules are detected by pattern recognition receptors, such as Toll-like receptors[28], which signal to activate defense mechanisms via the production of inflammatory cytokines such as interleukin (IL)-1β, IL-6, IL-8, IL-12, and α-, β- and λ-interferon (IFN) to activate natural killer (NK) cells[29] and other immune cells. Later, antigen presenting cells (APCs), such as Langerhans cells or dendritic cells (DCs) in the skin and mucosa[30], can uptake viral antigens and process them into small peptides that are presented together with MHC (HLA in humans) molecules on the cell membrane, to lymphocytes for initiation of an adaptive immune response (Figure 3). For this process, DCs migrate to lymph nodes where they undergo maturation through the expression of co-stimulatory molecules. The processed viral antigen/MHC complex on DCs binds to antigen-specific T cell receptors on naïve CD4+ and CD8+ T cells. This binding induces T cell proliferation, IL-2 production, and activation of T cells. Activated CD4+ helper T cells can differentiate into Th1, Th2, or Treg/Th3 phenotypes depending on the cytokines they produce. Th1 produce IL-2, IL-12, IL-15, TNF-α, and γ-IFN; Th2 produce IL-4, IL-5, IL-6, IL-10, and IL-13; and Treg/Th3 produce IL-10, TGF-β, and γ-IFN. On the other hand, activated CD8+ T cells differentiate into cytotoxic T lymphocytes (CTL) which secrete the proteolytic enzymes, granzyme and perforin[31]. CTLs migrate back to the infected sites and destroy HPV-infected cells (Figure 3).
The majority of HPV infections are cleared spontaneously within two years from infection and without any clinical manifestation by immune-competent individuals[12,26]. In spontaneously regressing HPV-related lesions, infiltration of CD4+ and CD8+ T cells has been detected, while in persistent lesions these immune cells are not seen[32]. In addition, in immunosuppressed individuals such as organ transplant recipients[33] or human immunodeficiency virus (HIV)-infected people a higher incidence of HPV-related lesions are observed[34]. These observations indicate that the adaptive immune response against the virus is important and for the most cases effective. This adaptive response comprises elements of humoral and cellular immunity[21]. However, HPV has also evolved mechanisms both to avoid initial detection and to interfere with adaptive response that allow the virus to persist and lesions to progress into cancer.

Humoral response
The majority of patients with HPV infections present a humoral immune response that is detected by the presence of antibodies against different papillomavirus proteins such as L1, E2, and E4 proteins in the first stage of infection. At later times when viral DNA gets integrated into cellular genome, antibodies against E6 and E7 proteins can be detected in low- and high-grade lesions as well. However, this antibody response is usually weak and variable and it does not seem to protect from future re-infections[35]. For high-risk HPVs, the seroconversion rate is about 50% within 18 mo of detecting the corresponding HPV DNA[36], and important differences have been found in the proportion of seropositivity among HPV 16 DNA-positive individuals, depending on the site of the cancer around the ano-genital area, indicating that cancer development may lead to changes in antibody responses in a site-specific fashion[37]. Thus, humoral responses are not efficient at eliminating established HPV lesions. In addition, antibody titers can persist for many years even after the virus is cleared, so seropositivity is a useful marker for past infection rather than current infection.

Cellular response
Cell-mediated immune responses are more important in clearing HPV-related lesions. HPV-specific CD4+ (helper) and CD8+ (cytotoxic) T cells are generated to fight and eliminate infected cells (Figure 3). Patients who successfully eliminated previous HPV 16 infections present memory T cell responses to viral proteins[38], and in patients with spontaneous regression of grade 3 vulvar intraepithelial neoplasia strong CD4+ and CD8+ T cell responses are found[32]. A high ratio of CD4+ to CD8+ T cells[39,40] with a predominance of Th1 cytokines[41,42] is also observed during regressing lesions. Thus both CD4+ and CD8+ T cells are important for elimination of HPV infection. In contrast, patients with cervical intraepithelial neoplasia or cervical cancer present deficient T cell responses[39]. A low ratio of CD4+ to CD8+ T cells[42,43] and a strong shift to Th2 cytokine profile[44-46] are observed in persistent lesions. Also, responses that include HPV-specific Treg that inhibit cytotoxic activity[38]. Thus, an efficient cytotoxic cell-mediated immune response is critical for elimination of HPV-related lesions. Unfortunately, the virus has also evolved mechanisms to interfere with the immune response.

HPV mechanisms to evade the immune system
The best mechanism against the immune system is to avoid detection. HPV replication takes place in areas where immune surveillance is poor. In the stratified squamous epithelium of the uterine cervix, surveillance by DCs greatly declines towards the keratinized layers (Figure 2 and 3). In addition, the virus links its own replication with the differentiation state of the keratinocyte. At the beginning of the infection, in the keratinocytes of the basal layer, expression of viral genes is minimal. Expression of viral gene products up-regulates progressively with differentiation and upward migration of keratinocytes (Figure 2). In this way, HPV late proteins, which are the most immunogenic, are expressed at areas of poor immune surveillance (Figure 3). In addition, new virions are released through the normal rupture of surface epithelium, reducing any possible inflammatory response and avoiding uptake by DCs. Therefore, HPV replication is a local phenomenon with minimal activation of the immune system.
In addition of keeping a low profile during replication, HPV has other mechanisms that help the virus interfere with the immune response[21]. The E6 and E7 proteins block IFN production by the infected cell. E6 inhibits the transcription factor IFR-3 that binds to the -IFN promoter, downregulating expression of interferon-responsive genes[47]. E7 also inhibits the expression of -IFN responsive genes[48,49]. In addition both E6 and E7 reduce the expression of TLR 9[50], and cytokines, such as IL-8[51], and IL-18[52], which are pro-inflammatory molecules. The proteins E5, E6, and E7 downregulate the expression of MHC class I molecules, reducing recognition of the HPV-infected cell by NK cells and by specific CTLs[53].
Moreover, a reduced inflammation state is found in persistent lesions and in tumors. This condition correlates with a change in the cytokine profile produced at the site of infection. A shift to Th2 cytokines is also common in persistent lesions[45,54]. This leads to an inhibitory state for helper CD4+ T cells. In addition, Tregs have been found infiltrating tumors, especially in the early stage of tumor progression[55]. Tregs are able to strongly inhibit activation of CD4+ T cells, cytokine production, and activation of CTLs[56]. In patients with cervical cancer, larger numbers of Tregs and increased suppressive activity have been observed, both in the tumor and in draining lymph nodes[57,58]. Presence of these Tregs associates with an increased risk for progression of premalignant lesions to cancer[59]. Thus, when trying to activate the immune system special attention should be paid to the possible development of HPV-specific Tregs that may block the cytotoxic response needed to eliminate virus-infected cells[60]. Indeed, it has been proposed that immunogenic tumors [those with abundant tumor-infiltrating lymphocytes (TILs)] may display potent immunosuppressive potential[61] and should be treated with Tregs-depleting agents or with inhibitors of co-stimulatory molecules such as cytotoxic T-lymphocyte antigen-4 (CTLA-4) with the therapeutic monoclonal antibody ipilimumab[62].
There is much information in the literature regarding cellular immune responses in patients with HPV infection, with cervical lesions, and with cervical cancer. These reports are beyond the limits of this review, but a general description of the cell responses from HPV infection to development of cancer is as follows. During the initial infection an inflammatory state favors activation of innate immune cells[63,64] and secretion of cytokines that induce CD4+ T cell activation[39]. As mentioned before in regressing lesions, both CD4+ and CD8+ T cells are found with a high ration of CD4+ to CD8+ T cells, and also cytokines of the Th1 type are produced[42,43]. However, when the CD4+ to CD8+ T cell ratio is low and a shift to Th2 type cytokines is observed a persistent infection is found in lesions[45,46] and a progression to cervical cancer is more likely[44,54,65]. Finally the presence of Tregs in lesions seems to increase the risk for progression of premalignant lesions to cancer[59,66]. Thus, any therapeutic approach must be able to induce a strong HPV-specific immune cell response that involves CD4+, CD8+ cells, and Th1 type cytokines. 

PREVENTION
In principle, if HPV infection could be prevented, HPV-associated cancers would disappear. Following this idea, HPV vaccines that could prevent infection were developed in the last decade. Taking advantage of the fact that capsid L1 proteins spontaneously assemble in virus-like particles (VLP) without viral DNA, it was possible to have the immunogenic L1 proteins in a non-infective form. Two pharmaceutical companies, Merck in the United States and Glaxo Smith Kline (GSK) in Europe, used VLP produced by overexpressing HPV L1 protein in yeast or insect cells, to create prophylactic vaccines. Gardasil® (Merck) is a quadrivalent vaccine against HPV types 6, 11, 16, and 18[67], and Cervarix® (GSK) is a bivalent vaccine against types 16 and 18[68]. Both vaccines have been approved and are commercially available. They induce an antibody response that prevents new infections with high efficacy against HPV 16 and 18 (Cervarix®)[69,70] and HPV-6, 11, 16, and 18 (Gardasil®)[71]. They promise, in the long-term (30–50 years) to reduce the incidence of disease associated with the vaccine HPV types[72]. However, this type of protection could only be achieved with a large vaccination coverage (larger than 50%) of uninfected people, which are boys and girls 10 years old, to predate the debut of sexual activity. Unfortunately, full vaccination coverage of large populations will no be easy in many parts of the world[73], and a large unvaccinated population will remain at a high risk of HPV-related disease, and in need of treatment.
In addition, other factors indicate that current vaccines will not be useful to prevent all types of HPV-related cancers. These vaccines target only HPV 16 and 18 and in the case of Gardasil® HPV 6 and 11. Despite some cross-reactivity[69], these vaccines show a small prophylactic effect on many HPV subtypes not included in the vaccine[74,75]. Also, the HPV subtype distribution in cervical cancer varies throughout the world[76,77]. For example, in Japan less than 60% of cervical cancer cases are due to HPV 16 and 18[24]. Thus, current vaccines cannot cover all oncogenic types even in a single population, and their general use in other parts of the world is questionable[75]. To be completely effective, future vaccines would need to be multivalent for all described oncogenic HPV types. But these formulations will certainly be much more expensive than current vaccines. Despite government subsidies trying to achieve full vaccination coverage, weaknesses in current prophylactic vaccines dictate that even vaccinated females must continue cervical cancer screening[78]. Clearly, large numbers of people remain at risk of developing HPV-related disease, and thus virus-specific therapies remain a priority.

CURRENT THERAPIES
HPV infections that are not cleared by the immune system usually persist in latent form as cells of the basal layer maintain low viral copy numbers indefinitely. Tissue damage or immunosuppression can then induce an active infection that depending on the HPV type, may progress to neoplasias. HPV infection of the ano-genital area produces two types of lesions: warts (condyloma acuminata) and squamous intraepithelial lesions. Condylomata are mostly related to low-risk HPV infections, and represent a low risk of malignant transformation. In contrast, squamous intraepithelial lesions are related to high-risk HPV infections. These malignant lesions display various degrees of histological abnormalities. For the cervix these lesions are classified as cervical intraepithelial neoplasia (CIN) 1, mild, CIN 2, moderate, and CIN 3, severe. A similar classification is used for vaginal intraepithelial neoplasia (VAIN), vulvar (VIN), penis (PIN) and anus (AIN) intraepithelial neoplasias. All of these lesions can progress to invasive cancer. Treatment for CIN and similar lesions has predominantly involved ablative therapies which purpose is to eliminate the damaged HPV-infected tissue, leaving the healthy tissue of the cervix intact[79]. Hysterectomy is not acceptable as primary therapy for high-grade CIN because most patients are women of reproductive age[80]. Ablative therapies include cryotherapy, excision procedures (conization), laser therapy, and electrosurgery[81].

Ablative therapies
Cryotherapy: Also known as cryosurgery, it is a surgical treatment to freeze and destroy abnormal tissue in the cervix. It is performed with a cryoprobe, which is a metal rod cold enough to freeze and eliminate the tissue. The procedure is more effective when the tissue is frozen for 3 min, allowed to thaw for about 5 min, and frozen again for another 3 min. Cryotherapy is widely used because it is easy of use and can be performed at the doctor’s office. In fact, in many countries it is the only option available outside surgical settings. So, it is important that diagnosis and visualization of lesions be accurate before the cryotherapy is performed, in order to avoid missing small or deep lesions. During colposcopy, vinegar (acetic acid) or iodine (Lugol's solution) are applied to vagina and cervix with a swab or cotton balls to see areas of abnormal tissue more clearly, prior to cryotherapy. In summary cryotherapy is used mainly when ectropion (cervical eversion), cervicitis, or an HPV infection is present. If low- and high-grade lesions are detected after histology, then conization is recommended.

Excision procedures: For larger lesions excision procedures are used. The most commonly procedures are the loop electrosurgical excision procedure (LEEP) and the cold knife cone biopsy (conization). These methods are relatively inexpensive (between United States $ 500 and United States $ 1000[82]) and can be performed at the doctor’s office (Dysplasia clinic) in an outpatient setting. LEEP uses a thin, low-voltage electrified wire loop to cut out abnormal tissue, which is either visible during colposcopy, or hidden in the cervical canal and not visible during colposcopy. Conization is an extensive form of cervical biopsy used to remove abnormal tissue. It is called a cone biopsy because a cone-shaped piece of tissue is removed. Conization removes abnormal tissue, usually high in the cervical canal, and also some normal tissue around the damaged tissue, so that a perimeter of normal cells is left in the cervix. Usually conization is the standard treatment if invasive disease (CIN 1, CIN 2, and CIN 3 lesions) is suspected, because it can remove tissue deep in the endocervical canal and can avoid diathermy artifacts (Figure 4).
Laser therapy:  In this type of surgery a highly focused beam of light is used to obliterate the damaged tissue. Commonly a carbon dioxide laser is used to create the light beam. The laser light destroys the tissue and cauterizes the wound at the same time, reducing bleeding and pain, and shortening the healing time.

Electrosurgery: Electrofulguration is a type of electrosurgery used to burn the cancerous tissue[83]. It consists of applying a moderately damped alternating electrical current through an electrode that is held close to the tissue so that sparks hit and destroy the lesion.

Hysterectomy: In this surgery, complete removal of the uterus, and other reproductive organs, such as ovaries, fallopian tubes and surrounding structures, is performed. This radical procedure is done when initiation of invasive cancer in female patients is diagnosed.
The choice to use one treatment over another depends mainly on infrastructure and is usually made by the provider. All these ablative therapies are very effective in initial treatments where elimination of lesions can be as high as 80%. However, removal of damaged tissue, does not always guarantee elimination of viral DNA, and high rates of recurrence (up to 40%) are found[20] even after several treatments[84].

Non-surgical therapies
Non-surgical therapies that kill cells on contact are also used to eliminate HPV-infected lesions[85]. Some of these alternative treatments can be self applied by the patient, and generally are the first line of treatment for genital warts[86].

Trichloracetic acid: Trichloracetic acid (TCA) is applied topically by the physician directly on warts. The acid action produces a chemical burn of the wart. This treatment is effective in clearing up to the 50% of lesions; it does not present systemic toxicity and can be used during pregnancy. However, it is associated with adverse effects such as ulceration, dermal scarring and secondary infections.

Podophyllotoxin: Podophyllotoxin is a non-alkaloid lignan extracted from the roots of Podophyllum species (e.g., P. peltatum-Mayapple)[87]. This toxin is used as an initial treatment for genital warts. It is found as a gel (Condylox) or as a solution or cream (Wartec), that can be self-applied by the patient. The mechanism of action is not clear, but it may be related to the binding of lignans to microtubule proteins, inducing cell cycle arrest at metaphase. Podophyllotoxin treatment can achieve 50% clearance, but recurrence rates are 25%–30%[84].  Podophyllotoxin is contraindicated in pregnancy.

Imiquimod: Imiquimod is a low-molecular-weight imidazoquinoline compound that modulates the innate immune system. In the form of a patient-applied cream (Aldara) it is used to treat genital warts. Reduction in genital warts was observed in 50% of patients that used the 5% cream for 12 wk, with only 19% recurrence [88]. Imiquimod was also reported to have certain therapeutic effects on basal cell carcinoma[89], vaginal[90], vulvar[91], and anal intraepithelial neoplasia[92], but the drug is not licensed for these treatments. Imiquimod has important inflammatory side effects, including itching, erythema, burning, irritation, tenderness, ulceration, and pain, thus its use on mucosal tissue is limited[93].
The mechanism of action of Imiquimod is not completely clear, but it is known that Imiquimod is an agonist for TLR 7, commonly involved in pathogen recognition[94]. Imiquimod binding to TLR 7 activates immune cells such as dendritic cells, macrophages, and keratinocytes to produce -IFN[95] and other pro-inflammatory cytokines, such as IL-6 and TNF-[96,97].  There is also evidence that Imiquimod, when applied to skin, can activate antigen presenting cells, which then migrate to local lymph nodes to induce an adaptive immune response[95]. Because Imiquimod induces IFN production, it should be used with caution on intra-epithelial lesions infected with high-risk HPV types. Both -IFN and -IFN inhibit cell growth of keratinocytes with episomal HPV DNA, leading to virus elimination. However, IFNs do not affect cell growth of cells containing integrated HPV DNA. The result is that it selects for keratinocytes with integrated HPV DNA[98,99]. The continued use of Imiquimod may then select for transformed cells with integrated HPV, and induce progression to high-grade intra-epithelial neoplasia.

Polyphenon: Polyphenon is a high-grade extract of green tea leaves from Camellia sinensis, manufactured by the Mitsui Norin Co., Ltd. of Japan. In the form of a topical ointment it can be self applied by the patient for treatment of genital warts. It has shown efficacy (54%) to reduce warts in treated patients with fewer recurrences[100]. The main component in polyphenol is the catechin (a plant natural phenol belonging to the flavonoids family) (–) Epigallocatechin gallate (EGCG). EGCG is a potent antioxidant that reduces nitric oxide production by inhibiting inducible nitric oxide synthase via inactivation of the transcription factor nuclear factor-B (NF-B)[101,102]. EGCG has also been shown to induce inhibition of growth and apoptosis[103].

Cidofovir: Cidofovir is an acyclic nucleoside phosphonate analog to cytidine. It is used for the treatment of cytomegalovirus (CMV) infections[104], and it is also used off-license as a topical treatment against benign low-risk HPV infections[105]. Cidofovir is phosphorylated in the cell and then blocks incorporation of cytidine into viral DNA thus arresting virus replication. Small trials with CIN patients have shown promising efficacy[106], but safety issues are a concern [107].

NOVEL IMMUNOTHERAPIES
Prophylactic vaccination as discussed above, concentrates on preventing virus infection of epithelial cells, by generating a humoral immune response with antibodies that recognize viral capsid proteins and neutralize the virus. However, this approach is not effective for treating existing infections or established HPV-related diseases. Thus, a high prevalence and mortality of cervical cancer continues around the world, especially in developing countries. An effective therapy for established disease should stimulate a cellular immune response, with activation of both CD4+ (helper) and CD8+  (cytotoxic) T cells, which can recognize and eliminate virus infected cells[108]. Cytotoxic cells need to recognize a viral antigen expressed in the infected cells. Several of the HPV proteins are potential targets to induce a good immune cytotoxic response. Capsid proteins L1 and L2 are poor antigens for a therapeutic vaccine, since these proteins are expressed mainly in terminally differentiated keratinocytes and in advanced-stage infections of cervical tissue low levels of these protein are detected (Figure 2). In contrast, HPV early proteins, such as E1, E2, E6, and E7, are expressed in multiple stages of the virus infection, and in HPV-associated cancers the E6 and E7 proteins are constitutively expressed (Figure 2). Thus, these proteins are all good antigenic targets for a therapeutic vaccine. 
E2 is a DNA-binding protein involved in activation or repression of different HPV promoters[109], and it also has a relevant role in controlling migration of viral DNA to daughter cells during mitosis of infected cells[110]. Due to its importance in the whole virus replication cycle, E2 protein expression is maintained throughout most stages of infection (Figure 2) and thus, it becomes an excellent target for stimulating the immune system to eliminate infected cells independently of the stage of pathogenesis. Based on this, earlier studies using dogs immunized against papilloma E1 and E2 proteins, found that dogs were protected from papilloma growth after viral challenge, or had complete regression of papilloma after post challenge immunization[111,112]. These results in animal models led to the design of new vaccines intended to induce a cellular immune response to the E2 protein. In clinical trials very encouraging results have been obtained with this approach (see next section)[113,114].
The oncogenic HPV E6 and E7 proteins are essential for progression to, and maintenance of, the malignant phenotype. Therefore, these two proteins are also possible antigenic targets for therapeutic vaccines. The high-risk HPV 16 and 18 E6 and E7 proteins have been selected predominantly for induction of a cellular response. Immunization has been tried with different delivery systems in transplantable rodent tumor models[115] and in some clinical trials. The types of therapeutic vaccines tested so far in clinical trials can be grouped into five categories: peptide-based, protein-based, DNA vaccination, viral vectors, and DC-based immunization (Table 1). These therapeutic approaches are described next.

Peptide-based vaccines
Peptides are easy to use, inexpensive, and safe, but they are in general weakly immunogenic and they need to be mixed with adjuvants to improve their recognition by the immune system. The design of peptides involves identification of what parts of the HPV antigen are immunogenic. Short peptides may miss the relevant epitope needed for stimulation of an efficient immune response. Thus, current preparations contain mixtures of peptides. In addition, the polymorphic nature of the MHC may result in some peptides not being presented because the corresponding HLA molecule is missing in particular patients. Therefore, the peptide vaccine approach has also used restricted HLA-binding peptides. A potential problem with this strategy is that exogenously added peptides may load onto MHC class I molecules on cells other than antigen presenting cells, leading to tolerance instead of stimulation because non-APC lack co-stimulatory molecules[116]. The best approach seems to be the use of long overlapping peptides, which appear to be processed and presented better than whole proteins by DC[117]
A vaccine consisting of two synthetic HPV 16 E7 peptides (representing HLA-A*0201-restricted cytotoxic T lymphocyte epitopes) and one helper peptide (a pan-HLA-DR-binding T-helper epitope) emulsified in adjuvant was tried in a phase I-II clinical trial with cervical carcinoma patients. The peptide preparation was safe, and induced proliferative immune responses in 4 out of 15 patients. Unfortunately, no cytotoxic T lymphocyte responses against the HPV 16 E7 peptides were detected[118]. In a different study, 20 patients with HPV 16-positive, high-grade vulvar intraepithelial neoplasia were immunized with a mix of long peptides from the HPV 16 viral oncoproteins E6 and E7 in incomplete Freund's adjuvant. Five patients had complete regression, and HPV 16 was not longer detected in four of them. These patients also presented an increased T cell response[119].
Another peptide vaccine (HPV 16-SLP) consists of a mix of 9 HPV16 E6 and 4 HPV 16 E7 overlapping long peptides. This vaccine was used to immunize patients with resected HPV 16-positive cervical cancer. HPV 16-specific T-cell immune responses were found with a preference of CD4+ -IFN-producing T cells. Interestingly, there was also proliferation of T cells with a CD4+, CD25+, Foxp3+ phenotype that is associated with Treg, suggesting that the response against HPV was not completely effective[120]. In another study, this vaccine was given to women with high-grade cervical squamous intraepithelial lesions. Immunization induced increased HPV 16-specific T-cell immunity, but not infiltration of HPV 16-specific T cells into the lesions, nor HPV clearance at the time of LEEP excision[121]. More recently, in a small trial including 20 patients with HPV 16-positive advanced or recurrent gynecological carcinoma, HPV 16-SLP was subcutaneously administered with Montanide ISA-51 adjuvant. A good HPV-specific T cell response was detected. However, no tumor regression nor prevention of progressive disease were found[122].

Recombinant proteins
Another approach for HPV immunization is the use of complete or recombinant proteins. Recombinant proteins have the advantage of providing all potential epitopes of an antigen, after processing by APC; but they are also more difficult to produce than peptides. Despite their longer size, proteins present low immunogenicity and they need to be mixed with adjuvants. For this reason, the E6 and E7 protein vaccines are made of viral proteins fused to proteins with more immunogenicity such as capsid proteins or bacterial heat shock proteins (Hsp). 

L1VLPE7: L1VLPE7 is made of chimeric virus-like particles (VLPs) consisting of a carboxyl-terminally truncated HPV 16 L1 protein fused to the amino-terminal part of the HPV 16 E7 protein. The recombinant fusion proteins self-assembles into VLPs. In a small placebo-controlled clinical trial with 39 HPV 16-infected CIN 2/3 patients, these chimeric VLPs were able to induce antibodies with high titers against HPV 16 L1 and low titers against HPV 16 E7. Also cellular immune responses against both proteins were detected. Unfortunately, only a small no significant trend for histological improvement to CIN 1 or normal was observed in 39% of the patients[123].
Another similar vaccine made with a recombinant HPV 16 L1(ΔN26)-E7(ΔC38) protein, expressed in E. coli has been tested in a murine of cervical cancer. This chimeric protein also assembles into chimeric VLPs. Immunization with these chimeric VLPs induced neutralizing antibodies and triggered cell-mediated immune responses[124].

SGN-00101: SGN-00101 is a fusion protein consisting of a heat shock protein (Hsp) from Mycobacterium bovis and HPV 16 E7 protein. This protein was given to patients with CIN 3, via three monthly subcutaneous immunizations. In 22% of patients regression to CIN 1 was observed. However, it was unclear whether this response was due to natural regression rather than the treatment[125]. In another study, SGN-00101 was given in four injections 3 wk apart to patients with high-grade CIN. With this protocol seven of 20 patients (35%) had a complete regression that correlated with immune response[126]. This vaccine also showed a partial response in 60% HIV-infected men with anal intraepithelial neoplasia[127].

HPV16 E6/E7: A fusion protein formed by HPV 16 E6 and E7 proteins was mixed with the adjuvant ISCOMATRIX and given to patients with CIN. A specific HPV 16 E6 and E7 immune response was detected with an important contribution of CD8+ CTL response in immunized individuals than in placebo recipients. Elimination of HPV 16 DNA from lesions was detected in some treated patients and placebo recipients, but it did not correlate to immune status of patients[128].

TA-CIN: Tissue antigen-cervical intraepithelial neoplasia (TA-CIN) is a recombinant fusion protein consisting of E6, E7, and L2 from HPV 16 and HPV 18. This fusion protein was tested in 29 patients with ano-genital intraepithelial neoplasia (AGIN). They received three intramuscular doses of TA-CIN at four weekly intervals. Several immune parameters indicated an HPV-specific response. However, there was not a correlation between induction of systemic immunity and clinical outcome[129]. Another study examined immunization of patients with vulval intraepithelial neoplasia with TA-CIN followed by one dose of a recombinant vaccinia virus encoding HPV 16 and 18 E6/E7 (TA-HPV). Only six out of 29 patients presented partial regression, and CTL activity was found in only four patients. Due to the poor outcome, this protocol has been abandoned[130]. More recently a different protocol with TA-CIN was examined in patients with vulval intraepithelial neoplasia. In a phase II clinical trial 19 patients were given a topical application of the immunomodulator, Imiquimod, for 8 wk, followed by 3 doses of TA-CIN at four-week intervals. Complete regression was observed in 32% (6 out of 19) patients at week 10, increasing to 58% (11 out of 19) at week 20. At this time, there was also a significant local infiltration of CD8+ and CD4+ T cells in lesions of responding patients. Interestingly, non-responders had an increase of Treg cells. It seems that the inflammatory state induced by Imiquimod enhances the immune response, but the therapeutic effect still depends on the individual immune response of patients[131].

DNA-based vaccines
Another interesting approach for immunization against HPV early proteins has been the use of plasmid DNA that codes for the corresponding viral proteins. It is known that plasmid DNA, when injected into the skin or muscle can induce immune responses to encoded antigens. The process is relatively inefficient, but new technological advancements such as improved physical methods of delivery can induce more-potent cellular and humoral responses[132].

pConE6E7: A DNA vaccine that encodes a HPV 16 or 18 consensus E6/E7 fusion gene (pConE6E7) has been tested in mice and rhesus monkeys. Immunization induced a potent cellular immune response against HPV 18 E6 and E7 antigens[133]. Moreover, prophylactic immunization with this vaccine also induced complete protection against HPV E6 and E7-expressing tumors. In the case of established HPV-tumors, the vaccine was able to delay the growth of tumors[134].

ZYC101a: ZYC101a is a microencapsulated DNA vaccine. It consists of plasmid DNA encoding E7-specific CTL epitopes from HPV 16 and 18 embedded in biodegradable micro particles. In a placebo-controlled trial, patients with histologically confirmed CIN 2/3 neoplasia were treated with three intramuscular doses of ZYC101a. Forty three percent of patients presented regression, compared to 27% of patients receiving placebo, but the difference was not statistically significant. However, in a subset of younger patients (less than 25 years of age) a significant reduction of lesions was detected in treated patients (70%) versus patients receiving placebo (23%). Unfortunately, no correlation between cytotoxic activity and clinical outcome was detected[135].

Amolimogene: Amolimogene is another encapsulated plasmid DNA proteins of HPV types 16 and 18. In a phase II trial of patients with HPV-associated high-grade CIN, 11 out of 21 patients had elevated CD8+ T cell responses to HPV 16 and/or 18 peptides, and seven of these patients also had increases to corresponding HPV 6 and/or 11 peptides. No correlation between cellular immunity and clinical response was reported[136].

Sig-E7 (detox)-HSP70: Sig-E7(detox)-HSP70 is a DNA vaccine encoding a fusion protein between HPV 16 E7 protein and heat shock protein 70. This vaccine was evaluated in patients with HPV 16 positive CIN 2/3. Patients received three intramuscular immunizations with increasing doses of plasmid DNA. Low frequency and weak HPV E7-specific T-cell responses were detected after treatment. Regression of lesions was seen in only 3 out of 9 patients, but the difference was not significant. Thus, no correlation was found between immune response and clinical outcome[137].

Recombinant virus
The therapeutic approaches described above have given interesting results at the level of in vitro or animal models. Clinical results are at best slightly better than those expected for spontaneous regression, and in many cases no clear correlation between the immune response and the clinical outcome were found. Another approach that has shown better results for treatment of HPV-induced lesions is the use of recombinant viruses. With this method, the HPV early gene products can be delivered directly into the cells. All the immune system responses against viruses get activated and a much better presentation of antigens takes place leading to a stronger cellular immune response. The highly attenuated poxvirus strain modified vaccinia virus Ankara (MVA) has become the vector of choice for novel HPV therapeutic vaccines[115]. MVA is a non-replicating derivative of the uniquely successful smallpox vaccine, thus its use in humans is completely safe. In addition MVA is genetically stable, easy to manufacture, and very immunogenic[138,139], in part due to cross-presentation of dying vaccinia virus-infected cells by DC to CD8+ T cells[140]. Several MVA vectors against various diseases are now being evaluated in phase I/II clinical trials [141].

TA-HPV: TA-HPV is a vaccinia virus encoding modified versions of the E6 and E7 genes from HPV 16 and HPV 18. In a phase II trial of HPV 16-positive high-grade vulval intraepithelial neoplasia, patients were immunized intramuscularly with TA-HPV. Forty two percent of patients showed partial reduction in total lesion diameter at 24 wk. Although, there was no increase in cytotoxic activity against selected individual HLA class I-restricted HPV 16 E6/7 peptides[142]. In another study, eight out of 13 patients with high-grade VIN presented a partial reduction in lesion diameter, and an increase in lesion-infiltrating CD4+ and CD8+ T cells, however no increase in cytotoxic activity was detected[143].

TG4001: TG4001 is a recombinant vaccinia virus (MVA) encoding a modified sequence of HPV 16 E6 and E7 proteins, and the human IL-2 gene. In a clinical study, 21 patients with HPV 16-related CIN 2/3 received three weekly subcutaneous injections of TG4001. Ten patients (48%) showed promising clinical responses at six months after treatment, but the related immune response was not reported[144].

MVA E2: MVA E2 is also a recombinant vaccinia virus (MVA) encoding bovine papilloma virus (BPV) E2 protein[145]. In a series of studies, MVA E2 was evaluated in patients who had established HPV-induced CIN lesions. In a phase I/II clinical trial, for CIN 1 to CIN 3 lesions, 36 women received the recombinant virus vaccine at a total of 107 MVA E2 virus particles injected directly into the uterus once every week over a 6-wk period. Ninety four percent (34) of patients showed complete elimination of precancerous lesions after treatment. In the other two patients, precancerous lesions were reduced from grade CIN 3 to CIN 1. In addition, 50% of patients eliminated completely the HPV, and in the remaining 50% of patients, HPV DNA was only 10% of the original viral load[113]. Later, in a phase II clinical trial for high-grade lesions (CIN 2 and CIN 3), 19 out of 34 (56%) patients had a complete regression, while in 11 (32%) more patients the lesions were reduced by 90%-60%. Specific cytotoxic activity against cancer cells correlated with clinical outcome[114]. More recently, in a phase III clinical trial, 1176 female patients with ano-genital intraepithelial lesions were injected directly into the uterus, vulva, or anus lesions with 107 MEL-1 (MVA E2) virus particles. One thousand and forty-five out of 1176 (89%) treated patients showed complete elimination of lesions, and generated a specific cytotoxic response against papilloma–transformed cells (Figure 5) (Rosales, R. Manuscript in preparation). Thus, local application of MEL-1 vaccine is an excellent therapy for stimulating the immune system and creating regression of HPV-induced intraepithelial lesions. In support to this conclusion, a recent report, using the murine model of cervical cancer with HPV 16 E6- and E7-expressing TC-1 tumor cells, indicated that another recombinant HPV vaccine (TA-HPV) increased its efficacy when it was administered directly into the tumor. An augment in E7-specific CD8+ T cells was found in the blood, together with a significant decrease in tumor size[146].

 MVA-E1: As described above, both HPV E1 and E2 proteins are expressed early in the HPV life cycle, and are necessary to maintain coordinated viral replication and gene expression during differentiation of keratinocytes along the epithelium. Thus, E1 is also a good candidate target for immunotherapy. Recently a new recombinant vaccinia virus has been reported, MVA-E1. This new vaccine consists of the MVA vector encoding the E1 sequence of HPV 16. Multiple injections of MVA-E1 into C57BL/6 mice resulted in sustained HPV 16 E1-specific cellular immune response involving T cells with cytotoxic activity[147].

DC-based vaccines
Another approach to develop a cellular therapeutic vaccine is the use of dendritic cells pulsed with HPV antigens. Autologous monocytes are differentiated into DCs in vitro and then loaded with recombinant HPV proteins. The cells are then administered back to the patient in order to stimulate a better cellular immune response. Previous studies used autologous DCs loaded with HPV 16 or HPV 18 E7 protein to induce in vitro a specific T cell response. In 18/20 T cell lines from healthy blood donors E7-specific T cells were detected[148]. This approach was also evaluated in patients with cervical cancer. Autologous monocyte-derived DCs were pulsed with recombinant HPV 16 E7 or HPV 18 E7 oncoprotein and administered to 15 stage IV cervical cancer patients[149]. Four out of 11 patients had T cell proliferative responses, and three out of 11 patients showed -IFN production by ELISpot assay. Treatment was well-tolerated with no side effects Unfortunately, an objective clinical response was not observed[149]. In a different study, a pilot trial gave autologous DCs pulsed with HPV E7 to four cervical cancer patients. E7-specific -IFN secreting CD8+ T cells were detected in all patients after vaccination[150]. Later, in a phase I trial, autologous DCs pulsed with HPV 16/18 E7 protein and keyhole limpet hemocyanin (KLH) were injected five times subcutaneously at 21-d intervals into 10 cervical cancer patients. Eight out of 10 patients had elevated counts of E7-specific -IFN secreting CD8+ T cells. Contribution of this immune response to therapy could not be evaluated since all patients were treated by surgery[151]. These results show that this approach may be useful in the future for some difficult advanced cervical cancer patients. Another autologous DC vaccine for prostate cancer treatment, Provenge® (first FDA-approved therapeutic cancer vaccine) has given good results with metastatic patients. Thus, a great interest for new DC vaccines exists. However, this kind of treatment is labor-intensive and expensive, and has to be performed individually for each patient.

CONCLUSION
Human papillomavirus (HPV) infections remain an important public health issue because they are associated to cervical carcinoma, the second most common cancer among women[4]. Two approved prophylactic vaccines, promise in the long run a reduction in HPV-related cancer incidence. However, the fact that full vaccination coverage of large populations will no be easy in many parts of the world[73], and that these vaccines target only HPV 16 and 18 (HPV types responsible for about 60% of all cervical cancers),  a large population will remain at a high risk of HPV-related disease, and in need of treatment.
Treatment for CIN and similar lesions has predominantly involved ablative therapies which purpose is to eliminate the damaged HPV-infected tissue, leaving the healthy tissue of the cervix intact[79]. Ablative therapies include cryotherapy, excision procedures, laser therapy, and electrosurgery[81]. Unfortunately, these surgical procedures are only effective in the treatment of pre-cancerous lesions, since after surgery many recurrences appear due to new re-infections.
Novel HPV protein-expressing vaccines are being evaluated for their potential to stimulate the immune system and generate a cellular cytotoxic response against the HPV-infected tissue or tumor. These new therapeutic vaccines can be grouped into five categories: peptide-based, protein-based, DNA vaccination, viral vectors, and DC-based immunization. They have shown variable results, but the ones using recombinant virus have demonstrated significant clinical efficacy and systemic HPV-specific cytotoxic T cell responses, particularly when the recombinant vaccinia virus is administered directly to lesions. Thus, recombinant vaccinia therapies are today the best candidates for a successful treatment of HPV-induced cancers.
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Figure 1 Human papilloma virus genome. The genomic organization of the human papilloma virus 16 (HPV 16) is shown. The double strand DNA is close to 8000 base pairs. The early genes code for proteins involved in viral replication and transcription: E1, E2, E6, and E7 genes. The E4 and E5 genes are expressed a little later and have functions in immune evasion and virus release. The late genes code for the virus structural proteins: the major capsid protein L1, and the minor capsid protein L2. The E6 and E7 proteins of the high-risk HPV types have oncogenic properties. The long consensus repeat (LCR) sequence contains the promoter and enhancer elements of the virus.
[image: 8313-Fig-2]
Figure 2 Papilloma virus replication is tissue specific. The human papilloma virus (HPV) infects a keratinocyte in the basal layer of the epithelium after a micro trauma (a small cut of the epithelium that uncovers the basal membrane). The virus DNA is maintained in the proliferating cells at a low-copy number (E1 and E2 viral proteins are expressed). When the infected cells begin to differentiate into mature keratinocytes, the virus activates other genes (E4, E6, E7 viral proteins are expressed) and replicates its DNA to a high-copy number. In the top layers of the epithelium all viral proteins (including E4 and the capsid proteins L1 and L2) are expressed. Thousands of new virions are formed and released from the cells without causing cell death.
[image: 8313-Fig-3]
Figure 3 Cellular immune response against human papilloma virus. Dendritic cells (DC) can take human papilloma virus (HPV) antigens from the infected epithelium, and then migrate (black arrows) to lymph nodes. There, DC present the processed antigen together with MHC class I and class II molecules, to CD8+ T cells and CD4+ T cells, respectively. CD4+ T cells proliferate and differentiate (blue arrows) into T helper cells, either Th1 or Th2, depending on the type of cytokines they produce. CD8+ T cells differentiate (blue arrow), with help (green arrow) from Th1 cells, into cytotoxic T cells (CTL). Then, CTL migrate (black arrow) back to the infected epithelium to destroy virus-infected cells. CD4+ T cells can also differentiate (blue arrow) into regulatory T cells (Treg), which inhibit (red line) the cytotoxic activity of CTL.
[image: 8313-Fig-4]
Figure 4 Conization of human papilloma virus cervical intraepithelial neoplasia 3 lesions. Colposcopy of papillomavirus cervical intraepithelial neoplasia (CIN) 3 lesions from a patient treated with conization. Photographs of cervix before (A) and immediately after conization (B).
[image: 8313-Fig-5]
Figure 5 Effects of vaccinia virus Ankara E2 on cervix and vulva. Colposcopy of papillomavirus-induced intraepithelial lesions from patients treated with the therapeutic recombinant vaccinia virus Ankara E2. Photographs of (A) cervix with a cervical intraepithelial neoplasia (CIN) 3 lesion, and (B) vulva with a condyloma lesion, before and after treatment.
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Table 1 Immune therapies for human papilloma virus-related lesions in clinical trials

	Name
	Target Protein
	Platform
	Immune Response/Clinical Efficacy
	References

	Peptide-based
	
	
	
	

	
	E7
	Synthetic peptides restricted to HLA-A2
	T helper cell response, but no CTL response 
	[118,152]

	HPV16-SLP
	E6, E7
	Synthetic overlapping long peptides
	HPV-specific T cell response. Neither tumor regression nor prevention of progressive disease.
	[120-122]

	Protein-based
	
	
	
	

	L1VLPE7
	E7
	Chimeric L1-E7 VLP
	Histological reduction to CIN 1 in 39% of treated patients compared to 35% of placebo recipients. This trend was not significant.
	[123]

	SGN-00101
	E7
	Fusion protein of M. bovis Hsp and HPV 16 E7
	Complete regression in 35% of patients with CIN 3.
	[125,126]

	HPV16 E6/E7
	E6, E7
	Fusion protein of HPV 16 E6 and E7 proteins administered with the adjuvant ISCOMATRIX
	Demonstrated important CD8+ T cell responses.
	[128]

	TA-CIN
	E6, E7, L2
	Recombinant fusion protein consisting of E6, E7, and L2 from HPV
	Imiquimod, for 8 wk, followed by 3 doses of TA-CIN induced complete regression in 32% of patients with VIN.
	[131]

	DNA vaccine
	
	
	
	

	pConE6E7 
	E6, E7
	DNA vaccine that encodes a HPV 16 or 18 consensus E6/E7 fusion gene
	Cellular immune response against HPV E6 and E7 antigens and protection against HPV E6 and E7-expressing tumors.
	[133,134]

	ZYC101a
	E7
	Microencapsulated DNA vaccine encoding E7-specific CTL epitopes
	In younger patients a 70% reduction of lesions was detected.
	[135]

	Amolimogene
	E6, E7
	A poly (lactide co-glycolide) encapsulated plasmid DNA encoding T cell epitopes from HPV 16 and 18

	Increase in HPV-specific T cells to epitopes from HPV 16, 18, 6 and 11. No correlation between cellular immunity and clinical response.
	[136]

	Sig-E7(detox)-HSP70
	E7
	Fusion protein between HPV 16 E7 and heat shock protein 70
	Low frequency and weak HPV E7-specific T-cell responses with no correlation to clinical results.
	[137]

	Recombinant virus
	
	
	
	

	TA-HPV
	E6, E7
	Vaccinia virus encoding modified HPV 16/18 E6 and E7 proteins

	60% patients with high-grade VIN had partial reduction in lesion diameter, and an increase in lesion-infiltrating CD4+ and CD8+ T cells.
	[142,143]


	TG4001
	E6, E7
	Vaccinia virus encoding modified HPV 16 E6 and E7 proteins, and the human IL-2
	Ten patients (48%) with CIN 3 showed promising clinical responses at 6 mo, but no data on related immune response.
	[144]

	MVA E2
	E2
	Vaccinia virus (MVA) encoding bovine papilloma virus (BPV) E2
(injected directly into the cervix)
	19 out of 34 patients with high-grade CIN 3 lesions had complete regression. Specific cytotoxic activity against cancer cells correlated with clinical outcome
	[113,114]

	MVA-E1
	E1
	Vaccinia virus encoding the E1 sequence of HPV 16
	MVA-E1 into C57BL/6 mice resulted in sustained HPV 16 E1-specific T cells with cytotoxic activity.
	[147]
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