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Introduction
In response to DNA damage or pathogenic stress, epithelial cells
were induced to express a class of membrane-bound molecules that
can be recognized by the NK cell activating receptor NKG2D [1-3]. In
human, these molecules include MHC I chain related family of MIC
(MICA and MICB) [4], the unique long 16 (UL16)-binding protein
(ULBP) or the retinoic acid early transcript (RAET) family[5-8].
Theoretically, expression of these molecules would evoke the antitumor immunity through activation of NK cells and co-stimulation
of CD8 T cells, NKT, and subsets of gamma-delta T cells [9].
However, clinical findings of NKG2D ligand expression on tumor
cells with disease prognosis are controversy [10-12], which begets
the dilemma in whether and how to target NKG2D ligand in cancer
immunotherapy.
NKG2D ligands are differentially expressed by human epithelial
tumor cells. The most frequently expressed and best characterized
human NKG2D ligands are the MIC family molecules, among which
MICA is more prevalently expressed. The expression pattern and
clinical significance of NKG2D ligands on disease prognosis seem
to be cancer-specific. In uveal melanoma, NKG2D ligand MIC(A/B)
expression was detected only in primary tumor lesion, in which large
infiltration of NKG2D+ lymphocytes was also seen [10]. Metastatic
uveal melanoma lesions lost MIC expression and are absent of
NKG2D+ lymphocytes. These suggest that MIC expression predicts
a favorable clinical outcome for uveal melanoma. Consistently, a
study from large cohorts of colorectal patients revealed a positive
correlation of NKG2D ligand expression, MIC and RAET1G, with
good prognosis [11]. On the contrary, a large patient cohort study
from ovarian cancer suggest that tissue levels of NKG2D ligands may
predict a poor prognosis, with specific emphasis on the expression of
the RAET and ULBP family members [12].
The impact of NKG2D ligand cancer progression is a
complex, largely depending on the threshold whether the ligand is
predominantly membrane-bound or soluble form. As a mechanism
of immune evasion, human malignant cancer cells shed NKG2D
ligands through proteolysis activity to produce soluble NKG2D
ligand (sNKG2D-L) [13-16]. The loss of membrane-bound NKG2D
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ligand and concurrent increase in sNKG2D-L pose profound negative
imprints in anti-tumor immune responses through mechanism of:
1) reduction of susceptibility of tumor cells to the cytotoxicity of
NKG2D-positive lymphocytes due to reduced density of cell surface
NKG2D-L; 2) down regulation of NKG2D expression on NK, NKT,
γδ and CD8 T cells by sNKG2D-L [13,17-20]; and 3) impairs NK cell
homeostatic maintenance [21]. Due to these understandings, whether
NKG2D ligand can be used as prognostic marker and therapeutic
target has been exploited. Since induction of NKG2D ligand
expression is a response to cellular stress and DNA damage to alert the
immune system, the prognostic value of tissue expression of NKG2D
ligand during early cancer may depend on the tumor immunogenicity
and tissue microenvironment of a specific cancer type. As an evitable
consequence of tumor shedding NKG2D-L, serum levels of soluble
NKG2D ligand hence elevated. It is conceivable that serum levels of
sNKG2D-L could provide a significant prognostic value for malignant
diseases. Indeed, large patient cohort studies from various types of
cancers, including lung, colorectal, breast, ovarian, prostate, and other
gastrointestinal cancers, by Salih’s group have shown a significant
correlation of high serum sMICA or sMICB with metastatic diseases
[22,23]. Extensive studies in prostate cancer patients have shown a
significant correlation of loss of tumor cell surface MIC expression
and increase in serum levels of sMIC and the correlation with disease
stages [17]. Serum levels of sMIC were shown more profoundly
elevated in men with metastatic prostate cancer [23]. Hence it
is suggested that both tissue levels of cell-bound NKG2D ligand
and serum levels of soluble NKG2D ligands have to be taken into
consideration comprehensively for disease prognosis.
Given these clinical observations, it is conceivable that NKG2D
ligand, in particular the most prevalently expressed human MIC,
can be targeted for cancer immune therapy. As shedding of NKG2D
ligand is a manifestation of human cancer and, in particular, the most
predominantly expressed human MIC has no homolog in rodents,
existing mouse tumor models cannot be used to as a preclinical model
to test the therapeutic effect of targeting human NKG2D ligands. To
address this barrier, Liu et al generated lines of engineered TRAMP
mice (TRansgenic Adenocarcinoma of the Mouse Prostate) that
express two forms of human NKG2D ligand specifically in the prostate.
One form is the engineered membrane-bound NKG2D ligand that
cannot be shed; the other is the native human NKG2D ligand that
can be shed by tumor cells. With these lines of mouse models, Liu et
al demonstrated that retaining of membrane-bound NKG2D ligand
on tumor cells evoked anti-tumor immune response and prevented
tumor development, whereas shedding of NKG2D ligand by tumor
cells resulted in elevation of serum sMIC and expedited disease
progression to metastasis [21]. Liu et al. further revealed that high
levels of sMIC profoundly perturb NK cell homeostatic maintenance
as a mechanism to facilitate cancer metastasis [21]. This study
provided the proof-of-concept with clinical relevant animal models
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that sustaining membrane-bound NKG2D ligand preserves antitumor immunity and hence suggested the significance in stabilizing
surface NKG2D-L expression during cancer immunotherapy.
With the understanding of immune suppressive mechanisms
of sNKG2D-L, cancer immunotherapy should take the impact of
sNKG2D-L into a great consideration. With the promising results of
various immunotherapeutic regimens for malignant diseases, such
as T cell check point blockade (anti-PD-1 and anti-CTLA4) [24],
engineered CAR-T cell adoptive therapy[25], and adoptive NK cell
cancer immunotherapy [26], prescreening patients of serum levels
of sNKG2D-L may be necessarily to predict potential therapeutic
response and to stratify combinatory therapies for a better clinical
outcome. Stratifying to sustain membrane-bound NKG2D ligand
and/or to eliminate the suppressive effect of sNKG2D-L during cancer
immunotherapy is warrant to be the focus of future milestones.

Acknowledgement
Supported by NIH grant R01CA149405 and A David Mazzone
–Prostate Cancer Foundation Challenge Award.
References
1. Gasser S, Orsulic S, Brown EJ, Raulet DH. The DNA damage pathway
regulates innate immune system ligands of the NKG2D receptor. Nature.
2005; 436: 1186-1190.
2. Bahram S, Bresnahan M, Geraghty DE, Spies T. A second lineage of
mammalian major histocompatibility complex class I genes. ProcNatlAcadSci
U S A. 1994; 91: 6259-6263.
3. Bahram S, Spies T. The MIC gene family. Res Immunol. 1996; 147: 328-333.
4. Groh V, Rhinehart R, Secrist H, Bauer S, GrabsteinKH, Spies T. Broad tumorassociated expression and recognition by tumor-derived gamma delta T cells
of MICA and MICB. ProcNatlAcadSci U S A. 1999; 96: 6879-6884.

11. McGilvray RW, Eagle RA, Watson NF, Al-Attar A, Ball G, et al. NKG2D ligand
expression in human colorectal cancer reveals associations with prognosis
and evidence for immunoediting. Clin Cancer Res. 2009; 15: 6993-7002.
12. McGilvray RW, Eagle RA, Rolland P, Jafferji I, Trowsdale J, Durrant LG.
ULBP2 and RAET1E NKG2D ligands are independent predictors of poor
prognosis in ovarian cancer patients. Int J Cancer. 2010; 127: 1412-1420.
13. Groh V, Wu J, Yee C, Spies T. Tumour-derived soluble MIC ligands impair
expression of NKG2D and T-cell activation. Nature. 2002; 419: 734-738.
14. Waldhauer I, Goehlsdorf D, Gieseke F, Weinschenk T, WittenbrinkM, Ludwig
A, et al. Tumor-associated MICA is shed by ADAM proteases. Cancer Res.
2008; 68: 6368-6376.
15. Liu G, Atteridge CL, Wang X, Lundgren AD, Wu JD. The membrane type
matrix metalloproteinase MMP14 mediates constitutive shedding of
MHC class I chain-related molecule A independent of A disintegrin and
metalloproteinases. J Immunol. 2010; 184: 3346-3350.
16. Waldhauer I, Steinle A. Proteolytic release of soluble UL16-binding protein 2
from tumor cells. Cancer Res. 2006; 66: 2520-2526.
17. Wu JD, Higgins LM, Steinle A, Cosman D, Haugk K, Plymate SR. Prevalent
expression of the immunostimulatory MHC class I chain-related molecule is
counteracted by shedding in prostate cancer. J Clin Invest. 2004; 114: 560568.
18. Song H, Kim J, Cosman D, Choi I. Soluble ULBP suppresses natural killer
cell activity via down-regulating NKG2D expression. Cell Immunol. 2006; 239:
22-30.
19. Ashiru O, Boutet P, Fernández-Messina L, Agüera-González S, Skepper JN,
,Valés-Gómez M. Natural killer cell cytotoxicity is suppressed by exposure to
the human NKG2D ligand MICA*008 that is shed by tumor cells in exosomes.
Cancer Res. 2010; 70: 481-489.
20. Salih HR, Holdenrieder S, Steinle A. Soluble NKG2D ligands: prevalence,
release, and functional impact. Front Biosci. 2008; 13: 3448-3456.
21. Liu G, Lu S, Wang X, Page ST, Higano CS, Plymate SR, et al. Perturbation of
NK cell peripheral homeostasis accelerates prostate carcinoma metastasis. J
Clin Invest. 2013; 123: 4410-4422.

5. Sutherland CL, Chalupny NJ, Schooley K, VandenBos T, Kubin M, Cosman
D. UL16-binding proteins, novel MHC class I-related proteins, bind to NKG2D
and activate multiple signaling pathways in primary NK cells. J Immunol.
2002; 168: 671-679.

22. Holdenrieder S, Stieber P, Peterfi A, Nagel D, Steinle A, Salih HR. Soluble
MICB in malignant diseases: analysis of diagnostic significance and
correlation with soluble MICA. Cancer ImmunolImmunother. 2006; 55: 15841589.

6. Bacon L, Eagle RA, Meyer M, Easom N, Young NT, Trowsdale J. Two
human ULBP/RAET1 molecules with transmembrane regions are ligands for
NKG2D. J Immunol. 2004; 173: 1078-1084.

23. Holdenrieder S, Stieber P, Peterfi A, Nagel D, Steinle A et al. Soluble MICA in
malignant diseases. Int J Cancer. 2006; 118: 684-687.

7. Chalupny NJ, Sutherland CL, Lawrence WA, Rein-Weston A, Cosman D.
ULBP4 is a novel ligand for human NKG2D. BiochemBiophys Res Commun.
2003; 305: 129-135.
8. Eagle RA, Traherne JA, Hair JR, Jafferji I, Trowsdale J. ULBP6/RAET1L is
an additional human NKG2D ligand. Eur J Immunol. 2009; 39: 3207-3216.
9. Nausch N, Cerwenka A. NKG2D ligands in tumor immunity. Oncogene. 2008;
27: 5944-5958.

24. Callahan MK, Wolchok JD. At the bedside: CTLA-4- and PD-1-blocking
antibodies in cancer immunotherapy. J LeukocBiol. 2013; 94: 41-53.
25. Cheadle EJ, Gornall H, Baldan V, Hanson V, Hawkins RE, Gilham DE. CAR
T cells: driving the road from the laboratory to the clinic. Immunol Rev. 2014;
257: 91-106.
26. Ames E, Murphy WJ. Advantages and clinical applications of natural killer
cells in cancer immunotherapy. Cancer ImmunolImmunother. 2014; 63: 2128.

10. Vetter CS, Lieb W, Bröcker EB, Becker JC. Loss of nonclassical MHC
molecules MIC-A/B expression during progression of uveal melanoma. Br J
Cancer. 2004; 91: 1495-1499.

Austin J Clin Immunol - Volume 1 Issue 1 - 2014
ISSN : 2381-9138 | www.austinpublishinggroup.org
Jennifer Wu © All rights are reserved

Submit your Manuscript | www.austinpublishinggroup.org

Citation: Wu J. NKG2D Ligands in Cancer Immunotherapy: Target or Not?. Austin J Clin Immunol. 2014;1(1):
1002.

Austin J Clin Immunol 1(1): id1002 (2014) - Page - 02

