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The development of advanced and efficient tumor immunotherapy is one of the key functional areas in current
medicine as a cutting-edge therapeutic approach. Dendritic cells (DCs) are highly effective antigen-presenting cells
that display a key role in trapping, processing and presenting antigens to initiate adaptive immunity. These cells play
an important role in the development of immune-based nanodiagnostics and nanotherapeutics. A wide range of
DC-targeted immunotherapies based on nanotechnology have evolved as safer medications for a variety of diseases
and now it has been demonstrated in ongoing clinical trials. The aim of this editorial is to discuss the DC-targeted
nano-immunotherapy and its theranostic applications.

Mechanism of DC immune response
In general, DCs are largely present in body parts such as the skin, lungs and the inner linings of the nose and GI tract.
In fact, immature DCs are in constant motion to scan invading pathogens in their surrounding environment with
the help of pattern recognition receptors that belong to the toll-like receptors group [1,2]. Classically, interstitial
antigens are absorbed and processed by DCs in which MHC class II molecules will introduce these processed
antigens to CD4+ helper T cells to activate humoral immunity. Nonetheless, when antigens are transmitted to
the DCs cytoplasm, the antigens are degraded by cytoplasmic proteasomes with simultaneous upregulation of cell
surface receptors, in other words, MHC class I molecules which introduce these degraded antigens to cytotoxic T
lymphocytes resulting in the cellular immune response.

Additionally, upregulated DCs, during their course of maturation, travel to lymph nodes through the lymphatic
system or systemic circulation and finally to the spleen where they offer processed antigenic peptide to the helper
T cells, cytotoxic T cells and B lymphocytes. Thus, the activated helper T cells boost adaptive immunity, cytotoxic
T cells kill cancer cell or infected cells, whereas B lymphocytes produce antibodies and memory cells for future
immune protection. This cellular immunity is necessary for successful immune cell-dependent tumor therapy [3,4].

Strategy for DC-targeted vaccination
Peptides and proteins can be clinically utilized as antigens to induce antigen-specific immunity. Peptides and
proteins are often harmless and well tolerated in their soluble form, although they can produce minimal immune
responses due to poor cell-presenting antigen absorption. Furthermore, adverse physiological conditions such as
degradation of the enzyme and nonspecific contact with other biogenic materials in the extracellular matrix often
interfere with the cycle of the presenting antigen [5].

Biomaterial-based antigen delivery is a promising approach for improving protein and peptide vaccine potency.
Antigen-loaded nano-formulations such as liposomes, nanoparticles and polymeric carriers can be used as an
anti-tumor vaccine delivery agent because they have the potential to safeguard the antigens against degeneration.
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Antigens enveloped in nanoparticles have also been demonstrated to improve the absorption of DCs antigen
and these nanocarriers can release antigens in a sustained manner, resulting in increased cellular and humoral
immunity [6–8].

Not only the stimulation of DCs by antigen but also the migration of DCs to draining lymph nodes is crucial for
triggering different immune responses through DCs vaccine. Migration development, which is a key measurement
for DCs-targeted vaccine to perform their activities, is typically investigated by using a conventional approach
called ‘FITC painting’. Unfortunately, this procedure cannot be used to realize real-time images of DCs migration,
as it involves tissue cutting and staining. In both basic and clinical research, it is essential to establish a noninvasive
diagnostic approach for DCs monitoring. Therefore, the unavailability of a highly sensitive and accurate in vivo
tracing systems of DCs migration needs to be addressed [9,10]. In a recent study, it was determined that iron oxide–
zinc oxide core shell nanoparticle could convey carcinoembryonic antigen to the DCs while simultaneously serving
as a diagnostic agent [11]. It was also shown that DCs could effectively absorb the nanoparticle–antigen complex
within an hour and then be traced in vitro by confocal microscopy and in vivo by MRI. These results suggested
that, in mice immunized with nanoparticular-antigen-complex, DCs can promptly display tumor-specific T-cell
activity, inhibit accelerated cancer proliferation and improve survival rate.

In recent research from Yang et al. a DC-targeted nano-formulation that triggers the proliferation of tumor allied
antigens was evaluated [12]. The formulation was based on chimeric crossed-linked polymersomes derived from the
self-assembly of a triblock copolymer, encapsulated with low-dose doxorubicin and a photosensitizer, in other words,
pyropheophobide-a, to accelerate immunogenic cell death and to facilitate photodynamic therapy respectively. The
in vivo results proved that following a single intravenous injection of nano-formulation, maturation of DCs in
tumor lymph nodes and accumulation of cytotoxic T cells in tumor tissue were promoted. As a result, primary and
distant MC38-colon adenocarcinoma cells growth was inhibited.

In other research works, antigen-caged upconversion nanoparticles (UCNPs) were used to tag and trigger DCs
that could be accurately traced after injection into rats and stimulated antigenic specific immune activity. It was
found that the model antigen ovalbumin, can be adhered on to the exterior of dual polymer-coated UCNPs through
electrostatic interaction, producing a nanoparticle–antigen composite that was effectively captured by DCs and
induced DCs maturation and release of cytokines [13]. Furthermore, extremely responsive in vivo upconversion
luminescence detection of DCs that were tagged with nanoparticles was efficiently performed, the researchers
witnessed the presence of DCs at tumor-draining lymph nodes after in vivo injection [14]. Also, a competent antigen-
driven specific response including boosted T-cell proliferation, interferon-gamma development and cytotoxic T
lymphocyte conveyed responses, was initiated by a nanoparticulate pulsed DCs vaccine. This is favorable for effective
DCs-targeted immunotherapy against tumors. Additionally, bio-friendly nature and near-infrared triggered UCNPs
will be ideal candidates for tumor diagnosis and therapy [15].

Safety margin of DC-targeted cancer immunotherapy in clinical trials
The nontoxicity of DC-targeted immunotherapies has been well established in several Phase I and Phase II clinical
trials. The available Phase III trials, in which DC vaccines were compared with placebo, corroborated their safety
profile. DC vaccination, is therefore, considered safe in patients with cancer and is expected to improve their quality
of life. More research is, however, necessary to enrich these clinical results and to take advantage of the full potential
of immunotherapies based on DCs [16–19].

Most recently, in a Phase I clinical trial (IRB # 03-04-053) of DC vaccine for subjects with a brain tumor, it was
reported that this vaccine is safe in patients with malignant brain tumors and prolonged the survival of a number
of patients. Furthermore, in the ongoing follow-up Phase II study (NCT01204684) to establish the most active
vaccine components, DCs isolated from the subject’s own blood will be treated with isolated tumor cell lysate of
tumor tissue that is taken from the same subject during surgery [20]. This pulsing combination of antigen-presenting
DCs with the tumor lysate will be performed in an attempt to trigger the subject’s own immunity to detect and
destroy their intracranial brain tumor.

Conclusion
On the whole, we conclude that DC-targeted cancer immunotherapy will be a safe and promising strategy for
the diagnosis and treatment of many malignancies. Biomaterial-based nanocarriers, loaded with cancer-specific
antigens and diagnostic principles, can further improve the pharmacokinetic profiles of the loaded antigen and
in turn, facilitate in vivo tracking of the carriers. For the last 20 years, with a wide range of DC subsets, culture
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procedures and treatment strategies, several clinical trials have been conducted. The safety and efficacy of DCs
vaccination to elicit anti-tumor responses were well established. DCs vaccination has been proven for safety and
feasibility in multiple clinical trials. In the future, we believe that DCs vaccination will have greater acceptability
for clinical use based on its low toxicity profile and tumor-specific immune responses [2,16,20].

Financial & competing interests disclosure

Authors acknowledge the Techpedia SRISTI, Ahmedabad, India, for the BIRAC-Gandhian Young Technological Innovation Award-

2017 (ref. no. BIRAC SRISTI PMU-2017/009) that promoted our nano-theranostics research. The authors have no other relevant

affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject

matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

References
1. Bol KF, Schreibelt G, Gerritsen WR, De Vries IJ, Figdor CG. Dendritic cell-based immunotherapy: state of the art and beyond. Clin.

Cancer Res. 22(8), 1897–1906 (2016).

2. Mohsenzadegan M, Peng RW, Roudi R. Dendritic cell/cytokine-induced killer cell-based immunotherapy in lung cancer: what we know
and future landscape. J. Cell. Physiol. 235(1), 74–86 (2020).

3. Butterfield LH, Ribas A, Dissette VB et al. Determinant spreading associated with clinical response in dendritic cell-based
immunotherapy for malignant melanoma. Clin. Cancer Res. 9(3), 998–1008 (2003).

4. GuhaThakurta D, Fan LQ, Vu T, Sheikh NA, Trager JB. Induction of antigen spread after sipuleucel-T treatment and its association
with improved clinical outcome. J. Immunother. Cancer 1(Suppl. 1), 101 (2013).

5. Prince HM, Wall DM, Ritchie D et al. In vivo tracking of dendritic cells in patients with multiple myeloma. J. Immunother. 31(2),
166–179 (2008).

6. Zhang C, Shi G, Zhang J et al. Targeted antigen delivery to dendritic cell via functionalized alginate nanoparticles for cancer
immunotherapy. J. Control. Rel. 256, 170–181 (2017).

7. Shah NJ, Najibi AJ, Shih TY et al. A biomaterial-based vaccine eliciting durable tumour-specific responses against acute myeloid
leukaemia. Nat. Biomed. Eng. 4(1), 40–51 (2020).

8. Muthu MS, Mei L, Feng SS. Nanotheranostics: advanced nanomedicine for the integration of diagnosis and therapy. Nanomedicine
(Lond.) 9(9), 1277–1280 (2014).

9. De Vries IJ, Lesterhuis WJ, Barentsz JO et al. Magnetic resonance tracking of dendritic cells in melanoma patients for monitoring of
cellular therapy. Nat. Biotechnol. 23(11), 1407–1413 (2005).

10. Viswanadh MK, Muthu MS. Targeted bioadhesive nanomedicine: an effective approach for synergistic drug delivery to cancers.
Nanomedicine (Lond.) 13, 1401–1403 (2018).

11. Cho NH, Cheong TC, Min JH et al. A multifunctional core–shell nanoparticle for dendritic cell-based cancer immunotherapy. Nat.
Nanotechnol. 6(10), 675–682 (2011).

12. Yang W, Zhu G, Wang S et al. In situ dendritic cell vaccine for effective cancer immunotherapy. ACS Nano 13(3), 3083–3094 (2019).

13. Xiang J, Xu L, Gong H et al. Antigen-loaded upconversion nanoparticles for dendritic cell stimulation, tracking, and vaccination in
dendritic cell-based immunotherapy. ACS Nano 9(6), 6401–6411 (2015).

14. Muthu MS, Mehata AK, Viswanadh MK. Upconversion nanotheranostics: emerging designs for integration of diagnosis and therapy.
Nanomedicine (Lond.) 12(6), 577–580 (2017).

15. Muthu MS, Agrawal P, Singh S. Theranostic nanomedicine of gold nanoclusters: emerging platform for cancer diagnosis and therapy.
Nanomedicine (Lond.) 11(4), 327–330 (2016).

16. Podrazil M, Horvath R, Becht E et al. Phase I/II clinical trial of dendritic-cell based immunotherapy (DCVAC/PCa) combined with
chemotherapy in patients with metastatic, castration-resistant prostate cancer. Oncotarget 6(20), 18192–18205 (2015).

17. Boudousquie C, Boand V, Lingre E et al. Development and optimization of a GMP-compliant manufacturing process for a personalized
tumor lysate dendritic cell vaccine. Vaccines 8(1), 25 (2020).

18. Schadendorf D, Ugurel S, Schuler-Thurner B et al. Dacarbazine (DTIC) versus vaccination with autologous peptidepulsed dendritic
cells (DC) in first-line treatment of patients with metastatic melanoma: a randomized Phase III trial of the DC study group of the
DeCOG. Ann. Oncol. 17(4), 563–570 (2006).

19. Beer TM, Bernstein GT, Corman JM et al. Randomized trial of autologous cellular immunotherapy with sipuleucel-T in
androgen-dependent prostate cancer. Clin. Cancer Res. 17(13), 4558–4567 (2011).

20. ClinicalTrials.gov. Identifier: NCT01204684, Dendritic cell vaccine for patients with brain tumors. [National Library of Medicine (US),
Bethesda (MD), cited 24 January 2020]; https://clinicaltrials.gov/ct2/show/NCT01204684

future science group www.futuremedicine.com 949

https://clinicaltrials.gov/ct2/show/NCT01204684


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




