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11.A. SPECIFIC AIMS 
Sarcoidosis is a chronic, systemic inflammatory disease of unknown cause and has no cure. It is 

thought to be due to an abnormal immune response to either a self or non-self antigen. Numerous clinical 
studies in sarcoidosis subjects over the last several decades show an excess of activated CD4+ T effector 
cells  and  a  Th1  immune  response  with  interferon-γ  being  the  predominant  cytokine  (1).  Despite  this 
knowledge, little is known about the regulators of this aberrant immune response. Furthermore, current 
treatment approaches (e.g. systemic corticosteroids and methotrexate) are non-specific and carry significant 
toxicities. 

Natural killer T (NKT) cells are immunoregulatory T cells that can either promote or suppress immune 
responses depending on local stimuli. In mice, NKT cells have been found to be protective in several 
autoimmune diseases. In humans, two independent clinical studies found that the numbers of peripheral blood 
and lung NKT cells were significantly lower in patients with pulmonary sarcoidosis compared to controls. Thus, 
NKT cells are abnormally regulated in sarcoidosis and their deficiency may contribute to pathogenesis. 
However, little is known about whether the NKT cell deficiency in sarcoidosis is due to a selective loss of NKT 
cell subsets or whether the NKT cells that are present in sarcoidosis individuals function normally. 

A recent NHLBI workshop proposed that the identification of novel targets for drug development was a 
priority area of research in sarcoidosis (2). This proposal sets out to address this priority area by studying the 
role of NKT cells in the development of sarcoidosis through the use of ligand-specific stimulation to determine 
NKT cell subsets and effector function in sarcoidosis compared to healthy subjects. 

 

Central Hypothesis:  Sarcoidosis is associated with a deficiency of total numbers of NKT cells in the blood 
and lung. Furthermore, a selective deficiency of the CD4+ subset of NKT cells may skew immune responses 
towards  Th1  responses  (a  characteristic  of  sarcoidosis).  Therefore,  we  hypothesize  that  the  NKT  cell 
deficiency in sarcoidosis is due to a selective loss of the CD4+ NKT cell subset. This leads to a paucity of Th2 
cytokines and a skewing of the cytokine balance in favor of Th1 cytokine-producing CD4- NKT cells which then 
influence conventional T cell effector function. 

 

Aim 1: To determine the distribution of CD4+ vs. CD4- NKT cells in the peripheral blood of subjects 
with sarcoidosis compared to that measured in control subjects.   We will isolate peripheral blood 
mononuclear cells (PBMC) from sarcoidosis patients and controls. Using multi-color flow cytometry, we will 
determine the fraction of NKT cells in the total T lymphocyte population, and the number of NKT cells/ml that 
are CD4+ vs. CD4-. Primary analyses will compare NKT cellular subsets in ~60 subjects with sarcoidosis to 
age-, sex- and race-matched controls (stratified by immunosuppression use if necessary). 

 

Aim 2: To determine NKT cell cytokine responses after stimulation with CD1d ligands in subjects with 
sarcoidosis compared to  that  measured in  control subjects. PBMCs from  sarcoidosis subjects and 
controls will be stimulated with CD1d ligands specific for NKT cells. Using multi-color flow cytometry, we will 
determine which cytokines (IFN-γ, TNFα, IL-4, IL-13) are produced from CD4+ vs. CD4- NKT cells. The 
primary analyses will compare NKT cell cytokine responses in ~60 subjects with sarcoidosis to age-, sex- and 
race-matched controls (stratified by immunosuppression use if necessary). Exploratory analyses will correlate 
NKT cell subsets and effector function with specific clinical parameters collected at the time of blood draw 
(shortness of breath scale and lung function measurements) within the cohort of sarcoidosis subjects. 

 

11.B. BACKGROUND AND SIGNIFICANCE 
 

Importance of the problem: Sarcoidosis affects both men and women of all races and can be progressive 
and life-threatening. There is no cure and current therapies include immunosuppression with various agents 
that  all  cause  significant  toxicities.  Because  of  the  large  gaps  in  knowledge  about  the  inflammatory 
mechanisms involved with disease initiation and progression, our abilities to develop more specific treatment 
approaches to attenuate the inflammatory response have been hampered. Thus, the goal of this project is to 
determine how NKT cells in subjects with sarcoidosis function since they may contribute to pathogenesis. 

 

Innovative nature of the proposed research: While prior studies have shown that the levels of NKT cells are 
abnormally regulated in sarcoidosis, studies are lacking which comprehensively examine the CD4+ and CD4- 
NKT cell distribution and their cytokine effector function. In the proposed study, we will use a novel method of 
stimulating NKT cells that involves more “physiologic” stimulation by using CD1d presentation of ligands to 
NKT cells. We are also equipped to analyze whether NKT cell subsets and cytokine production relate to 
disease severity or are affected by immunosuppression. Although it is logical to assume that 
immunosuppression will have some effect, little is known in this area. 



Next steps and potential impact of findings: Determining the cellular subsets and cytokine profiles of NKT 
cells in sarcoidosis is a critical first step in determining how NKT cells may contribute to the development of 
sarcoidosis. Our findings would serve as necessary preliminary data for future studies to test stimulation 
methods and reagents that modulate the proliferation of NKT cells and their relative CD4+ to CD4- distribution. 
Clinical trials that stimulate NKT cells in vitro or in vivo as a way to modulate their function in the detection and 
eradication of tumor cells are already in progress. Thus, a better understanding of NKT cell effector function in 
clinical diseases is essential to move this potential “targeted” treatment strategy forward. 

 

11.B.1 Background 
 

NKT cells are considered “innate” immunoregulatory T cells, able to rapidly produce both T helper-1 
and -2 cytokines upon stimulation with CD1d ligands. 

Human NKT cells are characterized by expression of cell surface markers for both natural killer cells 
(e.g. CD161) and T cells (e.g. CD3). A unique aspect of NKT cells is that their activation occurs through an 
invariant and conserved αβT-cell receptor upon recognition of glycolipid antigens presented by CD1d--an MHC 
class I-like molecule expressed by antigen presenting cells including dendritic cells and B lymphocytes. This 
invariant αβT-cell receptor is encoded by Vα24 and JαQ gene segments whose protein products associate 
with the Vβ11 chain (reviewed in (3)). Thus, these cells are referred to as Vα24-invariant NKT cells or CD1d- 
restricted NKT cells. For purposes of this proposal, I will refer to them only as NKT cells. Although most of the 
information currently available about CD1d-antigen presentation to NKT cells comes from studies using the 
marine sponge-derived glycolipid α-galactosylceramide (α-GalCer), more recent reports have identified 
endogenous (isoglobotrihexosyl ceramide, iGb3)(4) and exogenous (microbially-derived) glycolipid ligands (5) 
for  CD1d  that  may  represent  more  physiological ligands  for  the  activation  of  NKT  cells  under  normal 
conditions. Importantly, there is evidence that different ligands induce different NKT cell cytokine responses 
(6). Upon stimulation of NKT cells by CD1d-presented glycolipid, these cells can rapidly (within minutes) 
secrete T helper 1 (Th1) and 2 (Th2) cytokines and because of this ability have been thought of as innate-like 
immune cells which may be critical modulators of Th1/Th2 decision of conventional CD4+ and CD8+ T cells. 

 

Sarcoidosis is characterized by a deficiency of NKT cells in blood and bronchoalveolar lavage fluid. 
The role of NKT cells in human health and disease is under intense study. In some disease models, 

NKT cells promote disease, while in others they are protective. For example, the mouse counterpart of NKT 
cell has been shown to be protective in Th1-biased syndromes such as type 1 diabetes and experimental 
autoimmune encephalomyelitis (3). Thus, a deficiency of NKT cells may be an important step in the 
development of these autoimmune syndromes. With regard to the human Th1-biased disease, sarcoidosis, two 
clinical studies in the UK and Japan found decreased total numbers of circulating and bronchoalveolar lavage 
NKT cells in patients with pulmonary sarcoidosis compared to controls (7, 8). However, these studies did not 
determine how the overall deficiency affected the distribution of  CD4+ vs.  CD4- NKT cells, which may 
determine the types of cytokines that are produced and ultimately the type of immune response that occurs in 
vivo. Nor did these studies assess the intrinsic protein effector function of NKT cells in response to more 
physiologic stimulation using CD1d-bound ligands. These gaps in knowledge must be addressed before novel 
T-cell-based therapies that modulate the function of NKT cells can be applied in sarcoidosis. 

 

During the innate immune response to antigen, NKT cells may influence the Th1/Th2 cytokine balance 
and heavily contribute to the overall pattern of inflammation. 

With regard to the function of NKT cells in sarcoidosis even less is known. Since NKT cells are “Th0” 
cells, with the capacity to rapidly produce both Th1 and Th2 cytokines and modulate the function of 
conventional CD4+ cells, they may have significant influence over the Th1/Th2 balance and in this way 
participate in the development of sarcoidal inflammation. Numerous studies of cytokine profiles in sarcoidosis 
have demonstrated a Th1-dominant milieu, with a predominance of IFN-γ over Th2 cytokines. Thus, if NKT 
cells are abnormally regulated they may promote an “imbalance” of cytokines leading to development and 
persistence of granulomatous inflammation. The only study to examine effector function of NKT cells in 
sarcoidosis was in Japanese subjects where they found mRNA for interferon-γ to be lower in NKT cells from 
non-remitting sarcoidosis patients than that from remitting patients (8). However, IFNγ protein was not 
measured and NKT cells were stimulated with 12-phorbol 13-myristate acetate (PMA) and ionomycin, which 
are nonspecific stimulators that may not mimic the cytokine responses induced by CD1d-presented ligands. 

 

The subset of an NKT cell determines its effector function and an imbalance of these subsets may 
have consequences on immune responses. 
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To add a layer of complexity to the biology of NKT cells, within the last few years, investigators have 
identified that NKT cells are further characterized into CD4+ or CD4- subsets. In humans, CD4+ NKT cells are 
the predominant subset and produce both Th1 and Th2 cytokines (9). In contrast, CD4- NKT cells preferentially 
produce Th1 cytokines (IFNγ) and TNFα. Thus, the Th1-type inflammation characteristic of sarcoidosis may be 
due to a shift in NKT cell balance from CD4+ to CD4- subsets; however, no detailed studies have been done 
examining the cytokine profiles from CD4+ and CD4- subsets of NKT cells. 

 

11.C PRELIMINARY STUDIES 
 

11.C.1 Brazilian  subjects  with  active  tuberculosis  (TB)  infection  demonstrated  decreased 
frequencies of NKT cells. 

We have recently published a study measuring NKT cells in Brazilian subjects with TB infection (10). In 
this study, my collaborator quantitated the number of NKT cells in PBMCs with flow cytometry using stringent 
criteria for NKT cells (Vα24+, Vβ11+, 6b11+  and CD1d dimer loaded with α-GalCer+). Using these stringent 
criteria, we were able to measure a significant ~5-fold decrease in NKT cells in PBMCs from 19 TB subjects 
compared to 12 controls (10). 

 

11.C.2            Flow cytometry and NKT cell stimulation methods using CD1d ligands for measurement 
of NKT cell subsets and cytokine production. 

With regard to assaying NKT cell effector function, over the last two years, we have developed an in 
vitro method to study the cytokine profiles of human NKT cells after stimulation with CD1d-presented ligands, 
as opposed to PMA and ionomycin. Our goal in using CD1d ligands is to induce a more “physiologic” 
stimulation of NKT cells and thus measure more meaningful cytokine profiles. The overall concept of our assay 
involves “loading” the CD1d receptor with CD1d ligands, such as α-GalCer. These “loaded” CD1d receptor- 
ligand pairs are then incubated with PBMCs. Only NKT cells within the PBMC population possess the ability to 
respond to ligand presented by CD1d.  Figure 1 is an example of how we can detect multiple cytokines from 
the  same  population  of  NKT  cells  using  multi-color  flow  cytometry  after  stimulation  of  PBMCs  with 
commercially available CD1d-dimer “loaded” with α-GalCer. 

Our methods have several advantages. Since NKT cells are present at relatively low numbers in normal 
peripheral blood, we can maximize the amount of information obtained from each subject’s blood sample by 
using 11 color flow cytometry which we have already optimized. This method allows us 1) to detect NKT cells 
using 4 specific markers (minimizing the chance of detecting false positive cells); 2) to determine the numbers 
of NKT cells that are CD4+ and CD4-; and 3) to determine the cytokine profiles within each NKT cell. 

In addition to using the CD1d ligand α-GalCer, we have also performed stimulation assays of NKT cells 
using different ligands, including the mycobacterial glycolipid, Phosphatidylinositol mannoside (PIM), which is a 
mycobacterial cell wall glycolipid that we and others (5) have found to stimulate NKT cells to produce IFNγ 
(data         not         shown). 
Determination  of  NKT  cell 
cytokine profiles from 

Dimer only Dimer-αGC Fig.  1:  Measurement  of  TNFα  and  IFNγ 
using  multi-color  flow  cytometry.  Human 

sarcoidosis patients after 
stimulation with PIM would 
be particularly important to 
examine,        given        the 
resurgence    of     evidence 
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11.C.3            Development of an ILD clinical database and subject recruitment 
Dr. Koth has devoted significant effort since 2002 to establish a united ILD Clinic (combining clinics 

from SFGH and Parnassus Campus), as well as to create the ILD Clinical and Tracking Database which today 
contains over 800 patients with ILD with another 300+ patient data ready for entry. This research database 
interfaces with the UCSF ILD Clinic and contains clinical information about patients collected in standardized 
intake forms. We also have a protocol for blood draws with consent for research use. All subjects presenting to 
the ILD clinic are approached for voluntary participation in the ongoing research resource. This infrastructure 
will facilitate the proposed studies. Since enrollment started ~9-10 months ago, we have consented and stored 
blood samples from 40 subjects with sarcoidosis. Tables 1 & 2 summarize the distribution of patient 
characteristics. 



Table 1: Blood samples obtained on sarcoidosis subjects from UCSF ILD Clinic over last 9-10 months 
Total number 

samples 
Male Female Caucasian African 

American 
Other 

Ethnicity
40 13 27 22 8 10

 

Table 2: Type of systemic immune-suppression (IS) 
Total number 
patients on IS 

Prednisone Methotrexate Imuran

19 12 5 2
 
 

11.D EXPERIMENTAL DESIGN AND METHODS 
Rationale: NKT cells are immunoregulatory T cells that may be important modulators of the Th1/Th2 decision 
of conventional CD4+ T cells. CD4+ NKT cells have the ability to produce both Th1 and Th2 cytokines upon 
CD1d glycolipid stimulation while CD4- NKT cells preferentially produce Th1 cytokines. Two previous studies 
established an overall decrease in NKT cell numbers in the blood and lungs of patients with sarcoidosis. 
However, whether this decrease is due to a decrease in CD4+ or CD4- NKT cells is not known. Furthermore, 
little is known about the effector function of CD4+ and CD4- NKT cells in sarcoidosis subjects. Therefore,  Aim 
1 will determine the distribution of CD4+ vs. CD4- NKT cells in sarcoidosis subjects compared to 
control subjects. This will establish whether one subset is preferentially decreased or whether there is a 
global reduction of both subsets of NKT cells. Next,  Aim 2 will measure the effector function of CD4+ vs. 
CD4- NKT cells in sarcoidosis and compare it to that from control subjects. These results will establish 
whether NKT cells in sarcoidosis have aberrant cytokine production and guide future studies that set out to 
modulate NKT cell effector function in sarcoidosis. 

 
Overall Summary: We will collect blood and clinical data from subjects given the diagnosis of sarcoidosis and 
healthy controls. We will study all subjects with sarcoidosis who are or are not on immunosuppressive therapy. 
From each subject, we will draw ~25-30 ml of blood and 1 CBC (to determine NKT cell numbers/ml of blood). 
One blood draw from each subject will allow us to accomplish the studies for both Aims 1 & 2. Samples will be 
analyzed in a blinded fashion. Cells will be stained for markers of NKT cells, CD4 positivity and Th1 and Th2 
cytokines using 11-color flow cytometry that has already been optimized for these measurements in human 
NKT cells. Our primary analysis will compare NKT cellular subsets (CD4+ vs. CD4-) and cytokine profiles in 
~60 subjects with sarcoidosis to age-, sex- and race-matched controls (stratified by immunosuppression use if 
necessary). 

 
11.D.1 Detailed Methods: Blood processing and flow cytometry analysis: 

PBMCs will be isolated using standard methods. To assess NKT cell subsets (Aim 1) and cytokine 
responses (Aim 2), we will use multicolor flow cytometry. As described in Section 11.C.2 of preliminary data, 
we will use CD1d-dimer molecules loaded with CD1d ligand to measure cytokine production in NKT cells. 
CD1d ligands include α-galactosylceramide (α-GalCer) and Phosphatidylinositol mannoside (PIM). PBMCs will 
be incubated with “loaded” CD1d-dimers directly ex-vivo. After 8 hr incubation, PBMCs and supernatant will be 
collected and cells will be stained and analyzed by 11-color flow cytometry to determine the following: 

1) the number of total lymphocytes (CD3+ cells). 
2) the number of CD4+ and CD4- NKT cells (using stringent methods and markers for detection of NKT 

cells--Vα24+, Vβ11+, 6b11+ and CD1d dimer loaded with α-GalCer+--as described previously (10)). 
3) the percentage of CD4+ and CD4- NKT cells producing Th1 (interferonγ) and Th2 (interleukin-4, 13) 

cytokines and TNFα. 
Ligands will be tested separately, with no ligand as negative control. PBMCs from all subjects will also 

be stimulated with anti-CD3 and anti-CD28 to ensure the cells from each donor are viable and the FACS 
assays are working properly. Appropriate reagents (e.g. Brefeldin A and monensin) will be used to stop 
exocytosis of cytokines and allow for intracellular staining. Flow cytometry will be performed on a FACSCalibur. 
Data will be analyzed using FlowJo software (version 8.1.1). “Frequency minus one” stained control samples 
will be used to determine gate selection for all antibody panels (16). Therefore, nonspecific events will be 
excluded from the Va24+Vb11+ gate and will not be included in the analysis of NKT percentages. Based on 
our own data from tuberculosis patients who have a significant decrease in peripheral blood NKT cells and 
based on prior published data of NKT cell frequencies from sarcoidosis subjects, we know that the frequency 



of NKT cells in peripheral blood may be as low as 0.01%. Thus, in our flow cytometry experiments, we 
routinely analyze 5-10 million lymphocytes. This generates data on at least 500-1000 NKT cells per subject. In 
our previous study this method was sufficient to detect a statistically significant 5-fold decrease in mean NKT 
cell frequencies in active TB (which were as low as 0.01%) vs. controls (10). 

 
11.D.2 Detailed Methods: Data analysis: 

Before performing the primary analyses, our preliminary analysis will determine how NKT cellular 
subsets (Aim 1) and cytokine profiles (Aim 2) differ by immunosuppression use in a cross-sectional design. 
The Mann-Whitney U test (or t-test if appropriate) will be used to determine whether there are significant 
differences in the numbers of NKT cells, the numbers of CD4+ vs. CD4- subsets, and the percentage of CD4+ 
NKT cells producing Th1 or Th2 cytokines between those on or not on systemic immunosuppression. If 
immunosuppression use does not influence the NKT cell phenotype within sarcoidosis subjects, we will 
analyze them as one group in the primary analysis. If, however, immunosuppression does affect NKT cell 
phenotype, we will stratify by immunosuppression use in our primary analysis. These initial studies will also 
determine whether subjects immunosuppressed with steroids (the majority) are similar to those 
immunosuppressed with other agents, such as methotrexate (a minority) and thus whether the 
“immunosuppressed” group in the primary analysis should be restricted to steroid-users. 

The primary analysis will compare NKT cellular subsets (Aim 1) and cytokine profiles (Aim 2) in 
subjects with sarcoidosis to age (within 5 yr)-, sex- and race-matched controls. Using paired analysis (paired t- 
test or sign rank test as appropriate), we will determine whether there are differences in numbers of total NKT 
cells and whether there is a disproportionate reduction in the CD4+ NKT cell subset in sarcoidosis. If we are 
unable to recruit sufficient numbers of fully matched healthy controls, we will recruit controls that are 
comparable to our sarcoid patients in gender distribution (based on prior data from healthy controls showing 
that NKT cell frequency in women was slightly higher than in men (17)) and then perform unpaired analyses 
that control for sex, age and race (using multivariate linear regression). Exploratory secondary analyses will 
examine whether NKT cell numbers, cellular subsets or cytokine production in sarcoidosis correlate with 
pulmonary function data and dyspnea score which is collected on all patients in the clinic. 

 
11.D.3 Detailed Methods: Power calculation: 

We have previously found the percentage of PBMCs that are NKT cells to be 76% lower in TB as 
compared to healthy control subjects (0.048 ± 0.067% vs. 0.21 ± 0.14%, p<0.001). A similar decrease in NKT 
cell percentages was observed in a prior study of sarcoidosis (7). Assuming that the decrement in NKT cell 
percentages in sarcoidosis that we observe will be similar to that seen in TB infection, enrollment of 11 healthy 
control subjects and 11 subjects with sarcoidosis will confer 90% power to detect a difference in overall 
numbers of NKT cells between sarcoidosis and controls. However, our aim is to measure NKT cellular subsets 
and cytokine profiles between sarcoidosis and controls. We have prior data on the percentages of NKT cells 
that are CD4+ in a healthy control population (59 ± 21%) (17). Using these data, enrollment of 60 subjects in 
each group will confer 90% power to detect a 21% decline in the percentage of CD4+ NKT cells in sarcoidosis. 
This sample size should allow us to stratify and control for gender, if gender differences become apparent. 
Finally, these samples sizes will confer additional statistical power for our quantitative measures of NKT cell 
effector function. 

 
11.D.4 Detailed methods: Subject enrollment and Timetable: 

We will enroll patients given the diagnosis of sarcoidosis by the ILD physician at the initial clinic visit. 
The UCSF ILD Clinic physicians make the diagnosis of sarcoidosis based upon established criteria (18-20) 
(compatible clinical picture, histological demonstration of noncaseating granulomas, and exclusion of other 
diseases). Enrolled patient characteristics are displayed in Table 1 and 2 in section 11.C.3 and demonstrate 
that we enrolled 40 patients in ~9-10 months. No specific recruitment procedures were performed; all enrolled 
patients were referred to the UCSF ILD Clinic for diagnostic and treatment issues by their regular physicians. 
Based on our recruitment to date, we anticipate collecting blood from 20 sarcoidosis subjects within the first 6 
months of funding (for a total of 60 sarcoidosis subjects), allowing us to perform the NKT cells assays in the 2nd

 

6 months of the funding period. 
Our control group will consist of age- (within 5 yrs), sex- and race-matched individuals found to have a 

normal standardized respiratory health and medical questionnaire. Currently, we have several methods for 
recruiting healthy volunteers. The PI has access to a recruitment database, which contains information on 
2,925 subjects who have previously participated in clinical research protocols in the Airway Clinical Research 



Center at UCSF and have normal spirometry and respiratory questionnaires. These subjects are registered in 
an IRB-approved recruitment database and have given permission to be contacted about future studies. We 
will also use Dr. Nixon’s CHR-approved consent and advertisement to recruit healthy volunteers for blood 
draws and will use newspaper advertisements as necessary for recruitment. We will recruit controls during the 
first 2/3 of the funding period. We will analyze matched samples in batches of 16 (8 sarcoid, 8 control) and 
include one healthy donor sample with a known percent of NKT cells to control for inter-assay variation. 

 
11.D.5 Anticipated results and potential pitfalls for Aims 1 & 2: In two studies of sarcoidosis subjects vs. 
controls, it was demonstrated that the frequency of total NKT cells was significantly reduced in peripheral blood 
and bronchoalveolar lavage fluid (7, 8). However, it is not known if this reduction of NKT cell levels is due to a 
global reduction of both CD4+ and CD4- NKT subsets or a skewed reduction of one subset or another. Since 
CD4+ NKT cells have been found to produce significantly more Th2 cytokines when stimulated with CD1d 
ligands than that produced by CD4- NKT cells, it is critical to determine whether the homeostatic levels of 
these NKT subsets are altered in sarcoidosis.  Based on our hypothesis, we predict that CD4+ NKT cells from 
sarcoidosis subjects will be decreased in peripheral blood compared to levels found in controls. This would 
result in a disproportionate increase in CD4- NKT cells which are biased to produce Th1 cytokines, such as 
IFN-γ. We speculate that IFN-γ-producing CD4- NKT cells may contribute to granulomatous inflammation in 
sarcoidosis. Clinical data to support this idea comes from a study of patients with Type 1 diabetes mellitus who 
were found to have decreased numbers of CD4+ NKT cell clones compared to controls (21). 

With regard to the predicted NKT cell cytokine profile in Aim 2, we speculate that NKT cells from 
sarcoidosis subjects will display elevated production of Th1 cytokines based on our hypothesis of a reduction 
of Th2 producing-CD4+ NKT cells. However, we may instead find that NKT cells from some subjects show a 
Th1 bias, while others a Th2 bias. This may be informative, especially when analyzed in reference to whether 
the subject is on immune-suppressive therapy and in reference to clinical data. NKT cell stimulation with α- 
GalCer vs. PIM will also add important insight into whether different cytokine responses occur in response to 
stimulation with different ligands. In addition, cytokine response to PIM stimulation will be worth investigating 
since there is ongoing interest and evidence for mycobacterial antigens associated with sarcoidosis (12). 
Although not  within  the  scope  of  this  grant, studies that  examine the  functional effects of  longer term 
stimulation of NKT cells by α-GalCer could address whether α-GalCer could be tested as a novel therapeutic 
for subjects with progressive sarcoidosis, since this agent has been used in Phase I studies in cancer without 
apparent toxicities. The studies proposed in this CTSI pilot grant would lay the framework for such future 
studies. 

While the methods we propose to use involve a novel in vitro method of NKT cell stimulation to better 
mimic physiologic antigen presentation to NKT cells as apposed to PMA stimulation, a limitation of our study is 
the fact that it is an ex vivo stimulation. However, our stimulation protocol is directly ex vivo and minimizes the 
time in culture, thereby making this in vitro assay as physiologic as feasible and we acknowledge the inherent 
limitations. We do not anticipate technical difficulties with the methods as we routinely perform these assays 
(10, 22-26). Additionally, we will run control panels to perform compensation in our FACS experiments to 
eliminate spectral overlap problems inherent with multi-color FACS. 

 
11.E    How this CTSI pilot grant will lead to RO1 Funding: 
The goal of this proposal is to determine whether a new class of T cells, NKT cells, could represent a new 
target for T cell-specific therapies in sarcoidosis. Since the cause of sarcoidosis is not known, it is critical to 
broaden our understanding of the key players in the immune response to be able to manipulate the immune 
response. The proposed studies are necessary to establish a pathogenetic role for NKT cells in sarcoidosis 
and set the stage for future studies that test ways to modify NKT cell function and proliferation in vitro using a 
variety of CD1d ligands, and test the efficacy of CD1d ligands in clinical trials. These NKT cell-specific ligands 
are currently being used in Phase II cancer trials and have shown minimal toxicity. Results from this project 
would serve as preliminary data for a recently released RO1 funding mechanism to explore novel mechanisms 
of immune dysregulation in sarcoidosis (http://grants.nih.gov/grants/guide/pa-files/PA-07-136.html). 

 
Strengths of Research Plan: This application has clinical relevance since we are studying primary 
lymphocytes from subjects with sarcoidosis. In addition, our cell stimulation methods have been optimized and 
are novel and theoretically more closely mimic the type of stimulation that occurs in vivo. Other strengths of 
this application include the team of consultants and collaborators involved and the aims contain experiments 
that can be accomplished within the budget and timeframe outlined within. 
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Laura L. Koth, MD, Principal Investigator (7% effort). Dr. Laura Koth is Assistant Professor of Medicine in the 
Divisions of Pulmonary and Critical Care Medicine and Lung Biology at the University of California, San 
Francisco. Dr. Koth has developed significant clinical expertise in the diagnosis and management of sarcoidosis 
and other interstitial lung diseases through the guidance of her clinical mentor, Dr. Talmadge E. King. She also 
has developed considerable experience in the collection and analysis of human biologic samples and has 
recently published her work on the macrophage activation state in human smokers compared to mouse models 
of emphysema. For this project, Dr. Koth will direct all aspects of the studies including experimental design, 
execution of the NKT cell assays and data analysis. Dr. Koth will also be responsible for monitoring subject 
recruitment, and will confirm that all subjects entered into the study meet criteria for sarcoidosis as outlined in 
the proposal. 

 
Jennifer E. Snyder-Cappione, PhD, Collaborator (2% effort). Dr. Snyder-Cappione just completed the AIDS 
Research Program Award at the University of California, San Francisco. She is a Post-Doctoral Fellow in the 
laboratory of Dr. Douglas Nixon in the Gladstone Institute of Virology and Immunology. Dr. Snyder-Cappione 
completed her PhD in Immunology under the guidance of Dr. Tim Mosmann, who was one of the early 
pioneers in describing polarization of conventional T cells. Dr. Snyder-Cappione has extensive experience with 
in vitro methods of B and T cell stimulation and characterization, including multi-color flow cytometry and has 
published several influential papers in this area. She will provide ongoing expertise in the methods used to 
analyze NKT cell and work with Dr. Koth on the execution of the NKT cell assays. 

 
CJ Cambier, Scientific Research Associate (25% effort).  Mr. Cambier is an outstanding research associate 
with more than 1 year of experience as a research technician. Mr. Cambier will process blood samples from all 
enrolled subjects. He will also assist Dr. Koth with running the NKT cell assays. He will also maintain an 
inventory of samples, coded in a manner that removes protected health information using a system that we 
currently have in place for the ILD clinic. Mr. Cambier will also be responsible for maintaining the database on all 
enrolled sarcoidosis patients. 

 
Douglas F. Nixon, MD, PhD, Consultant (effort as needed). Dr. Douglas Nixon is Professor of Medicine and 
Associate Director for the Division of Experimental Medicine at UCSF’s San Francisco General Hospital. Dr. 
Nixon has over 20 years of experience studying T cell responses and was recruited to UCSF in 2001 after a 
comprehensive international search where he was considered one of the finest cellular immunologists in the 
world studying the cellular immune response to HIV. He has contributed considerable insight into cellular 
mechanisms of immune responses to HIV infection and his lab performs both basic and translational studies. 
Dr. Nixon and his lab have performed similar studies to those proposed in this application on samples from 
human subjects with HIV and tuberculosis, and is well-versed on the methodologies and interpretation of the 
data. Dr. Nixon is fully invested in this project and will serve as Dr. Koth’s scientific advisor. 
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The fringe benefit costs are calculated using the University’s established rates of 17% for academics and 22% 
for staff personnel. 
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(1) Flow Cytometer User Time  $720 
Multi-color flow cytometry will be used to detect NKT cells and determine their cytokine profiles. Use of the flow 
cytometer is charged at $60/hr and analysis of one sample typically requires ~0.1 hr. We have budgeted for 
~60 x 2 samples. 
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Multiple commercially available antibodies will be purchased to detect NKT cells (4 different antibodies) and 
their cytokine profiles (interleukins 4, 13 and TNFα, IFNγ). We will also use antibodies against CD3, CD4, and 
CD8 to distinguish T cell subsets. Antibodies will run ~$200-300/antibody and we will perform several FACS 
experiments per sample. 
PIM will be obtained from the TB reagent facility at Colorado State University 
http://www.cvmbs.colostate.edu/microbiology/tb/researchma.htm 
Other FACS reagents include purified CD1d:Ig Recombinant Fusion Protein (DimerX) (~$500 for 100ug) and 
α-GalCer (~$200.00 for 1mg). 

 
(3) Blood drawing supplies  $1015 
lavender-top tubes ($43/100 tubes x 10) 
CBC tubes ($105/1000 tubes) 
VACUTAINER* Blood Collection Sets ($231/200 sets) 
Sterile Guaze ($185/case) 
Band-aid ($64/case) 

 
(4) Tissue Culture and General Laboratory Supplies (average of $50/mo)  $600 
Funds are requested for general laboratory supplies for the proposed studies. Cost of these supplies is 
estimated at $50/month 
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Chapters: 
1. L. Koth, D. Sheppard. Integrins and pulmonary fibrosis. In: Lung Biology in Health and Disease, ed. Lenfant 
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NIH/NHLBI 
Mcp-1 and TGFB in Macrophage Activation and Emphysema 

 
This KO8 award is a Career Development Award from the NIH to support the applicant’s research related and 
career development activities. The specific aims of the grant are to determine the contribution of Mcp-1 and 
TGFβ in the development of macrophage activation and subsequent emphysema in a mouse model. 

 

 
16RT-0072 Koth (PI) 07/01/2007-06/30/2010 
UC Tobacco-Related Disease Research Program 
Macrophage DAP12 pathway in emphysema 

 
The major goal of this project is to study a novel signaling pathway which our data suggest may be an 
important contributor of smoking-induced macrophage activation and the development of emphysema. 
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This K08 award is a Career Development Award from the NIH to support the applicant’s research related and 
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TGFβ in the development of macrophage activation and subsequent emphysema in a mouse model. 
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The major goal of this project is to determine how NKT cell effector function relates to disease severity in 
sarcoidosis subjects and the effect of immune-suppression on NKT cell subsets and cytokine responses in a 
longitudinal study. 
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Dr. Koth will adjust her effort accordingly should a grant be funded before completion of her K08 award on 
4/30/08. 
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1981 B.Sc., Immunology, University College London, First Class Honors 
1988 Vaccine Research Trust, U.K., First Prize (joint) 
1989-1992 Junior Research Fellowship, Merton College, University of Oxford, U.K. 
1989-1993 Special Fellowship, Merton College, University of Oxford, U.K. 
2000-2005 Elizabeth Glaser Pediatric AIDS Foundation Scientist 
2003-present Appointed to Editorial Board, Journal of Virology 
2003-present Member of American Society for Clinical Investigation (ASCI) 
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C. Research Support. 

Ongoing Research Support 
 
R01 AI060379 Nixon (PI) 04/01/05 - 03/31/10 
NIH/HIAID 
Cell Mediated Immunity in HIV Infected Children 
The major goal of this project is to 1) determine the relationship between age and development of cellular 
immune responses in HIV infected children, 2) determine the effect of race on HIV specific immune responses 
in Pediatric populations, and 3) determine the effect of partial, intermittent or continued viral suppression, and 
of interruption in protease inhibitor therapy, on HIV specific immune responses and T cell activation. Role: PI 

 
R01 A1068498 Nixon (PI) 07/01/06 - 06/30/08 
NIH/NIAID 
T Regulatory Cells in HIV Infection 
The overall aim of this study is to determine the phenotype, function, and role of CD4+CD25+ regulatory T 
cells (Treg cells) in HIV infected and uninfected humans. Role: PI 

 
R01 AI062333 Grant (PI) 09/01/04 - 06/30/10 
NIH 
Chemoprophylaxis and HIV Host Interactions 
The major goal of this project is to 1) test the hypothesis that anti-HIV chemoprophylaxis may have durable 
benefits (or risks) that extend beyond the period treatment, including attenuation of the course of infection 
among those who become infected despite chemoprophylaxis, 2) prolongation of the period of viral exposure 
prior to seroconversion, 3) and induction of cell-mediated antiviral immune responses among those who 
remain seronegative despite viral exposure, and 4) we also assess the rate of chemoprophylaxis may be lower 
if protective immunity is inducted, or higher if chemoprophylaxis suppresses viral infection below the antigenic 
threshold for antibody responses without providing durable containment. Role: Co-Inv 

 
PO1 AI064520 Brodsky (PI) 09/16/05 - 02/28/10 
Human Natural Killer Cell Biology: Proj 5 NK cells and 
HIV infection 
The major goals of this project are to 1) determine the relationship between the frequency, number, function, 
and phenotype of NK cells and plasma viral load early in HIV infection, and during structured treatment 



 

and 3) to determine the effect of early versus late initiation of HAART, and the effect of interleukin-2 (IL-2) 
therapy on NK cell frequency, number, and function in HIV-infected patients. Role: Co-Inv 

 
R21 AI065241 Nixon (PI) 07/01/06 - 06/30/11 
NIH/NIAID 
Viral Tropism and Immune Control in HIV 
The major goals of this project are 1) to determine the role of the infected cell phenotype on the susceptibility to 
CD8+ T cells control, and 2) to investigate the effect of CD8+ T cells on the growth of X4 and R5 in CD4+ T 
lymphocytes in vitro. Role: PI 

 
Nixon (PI) 01/01/07 - 12/31/07 
Pfizer 
Immunity to HERV and LINE-1 
The major goal of this project is to determine the impact of immunity to HERV and LINE-1. Role: PI 

 
R37 AI052731 Nixon (PI) 05/01/02 - 06/30/12 
NIH/NIAID 
Innate NKT Cells in HIV Infection 
The major goal of this project is to determine the effects of HIV infection on the natural killer T (NKT) cell 
compartment. Role: PI 

 
COMPLETED RESEARCH SUPPORT 

 
U01 Cooperative Agreement Levy (PI) 07/01/02 - 06/30/07 
NIH/NIAID 
Acute Infection and Early Disease Research Program 
The major goal of this project was to investigate the pathogenesis of acute and early HIV infection. 
Role: Co-Inv 

 
R01 AI52745 Deeks (PI) 09/01/02 - 02/28/06 
NIH/NIAID 
Immunologic Control of Drug-Resistant HIV 
The major goals of this project were to examine TREC, Ki67, and CD4 proliferation and their relationship to 
CFC and virologic outcomes. Role: Co-Inv 

 
R21 AI060407 Nixon (PI) 03/01/04 - 02/28/06 
NIH/NIAID 
T Regulatory Cells in HIV Infection 
The goal of this proposal was to generate data to determine the importance of TREG cells in HIV infection. 
Role: PI 
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Douglas Nixon 
 

Active 
 

P01 AI064520 Brodsky (PI) 09/16/2005–02/28/2010 15% 
UCSF/NIH/NIAID $xxx 
Human Natural Killer Cell Biology 

 
The major goals of this project are 1) to focus on the relationship between the frequency, number and function 
of NK cells early in HIV infection and the level of plasma viremia post seroconveresion, the temporal kinetics of 
the NK cell response in relationship to plasma HIV viral load in early HIV infection, and the effect of HIV 
viremia on NK cell receptor expression and 2) to determine how the time of initiation of treatment with highly 
active antiretroviral drug therapy (HAART) and how interleukin-2 therapy impact the frequency and function of 
NK cells in HIV-infected subjects enrolled in the “Options Project”. 

 
R01 AI060379 Nixon (PI) 04/15/2005–12/31/2009 15% 
NIH/NIAID $xxx 
Cell Mediated Immunity in HIV Infected Children 

 
The major goals of this project are 1) to determine the relationship between age and development of cellular 
immune responses in HIV infected children, 2) to determine the effect of race on HIV specific immune 
responses in pediatric populations, and 3) to determine the effect of partial, intermittent or continued viral 
suppression, and of interruption in protease inhibitor therapy, on HIV specific immune responses and T cell 
activation. 

 

R01 AI068498 Nixon (PI) 07/1/2006–06/30/2011 15%
NIH/NIAID $xxx  
T Regulatory Cells in HIV Infection   

 

The major goals of this project are: 1) to determine a functional phenotype of human Treg cells in healthy HIV 
uninfected individuals, 2) to determine the impact of removal of Treg cells on the avidity, breadth, phenotype 
and function of HIV specific responding T cells, and also ascertain whether HIV specific Treg cells can be 
induced during HIV infection, and 3) to determine the frequency and function of Treg cells in primary HIV 
infection. 

 

R01 AI062333 Grant (PI) 09/1/2004–01/31/2010 10%
NIH/NIAID $xxx (salary support only)  
Chemoprophylaxis and HIV Host Interactions   

 

The major goal of this project is: 1) to test the hypothesis that anti-HIV chemoprophylaxis may have durable 
benefits (or risks) that extend beyond the period of treatment, including attenuation of the course of infection 
among those who become infected despite chemoprophylaxis, 2) prolongation of the period of viral exposure 
prior to seroconversion, 3) and induction of cell-mediated antiviral immune responses among those who 
remain seronegative despite viral exposure, and 4) we will also assess the rate of chemoprophylaxis may be 
lower if protective immunity is inducted, or higher if chemoprophylaxis suppresses viral infection below the 
antigenic threshold for antibody responses without providing durable containment. 

 

R21 AI065241 Nixon (PI) 07/1/2006–06/30/2008 15%
NIH $xxx  
Viral Tropism and Immune Control in HIV   

 

The major goals of this project are 1) to determine the role of the infected cell phenotype on the susceptibility to 
CD8+ T cells control, and 2) to investigate the effect of CD8+ T cells on the growth of X4 and R5 in CD4+ T 
lymphocytes in vitro. 



 

 

Nixon (PI) 01/01/2007–12/31/2007 10%
Pfizer $xxx  
Immunity to HERV and LINE-1   

 

The major goal of this project is to determine the correlation between magnitude, phenotype or breadth of 
HERV specific response in relation to HIV-1 viral load. 

 

R01 AI52731 Nixon (PI) 07/01/2007–06/30/2012 15%
NIH/NIAID $xxx  
Innate NKT Cells in HIV Infection   

 

The major goal of this project is to determine the effects of HIV infection on the natural killer T (NKT) cell 
compartment. 

 
Pending 

 
PO1 Hecht (PI) 04/01/2007–03/31/2008 20% 
NIH $xxx 
Biology of HIV Transmission 

 
The major goal of this project is to study immunologic factors in the transmission and subsequent reversion of 
cytotoxic T-lymphocyte escape mutations in HIV when transmitted to a new host. 

 

R01 Nixon (PI) 07/01/2007–06/30/2012 15%
NIH/NIAID $xxx  
Human Endogenous Retroelements in HIV Immunopathogenesis 

 
The major goal of this project is to understand the consequence of HERE antigen production and presentation 
in HIV-1 infection, and to determine whether the immune response generated to these elements can eliminate 
HIV-1 infected cells. 

 
R21 AN2983922 Nixon (co-PI) 12/01/2007–11/30/2009 10% 
NIH/NIAID $xxx 
NK cell and airway epithelial responses to influenza 

 
The major goals of this project are to better understand the pathogenesis of the airway epithelial and innate 
immune cell interactions following influenza virus infection and vaccination in humans. 

 
Overlap 
Dr. Nixon will adjust his effort accordingly as grants are funded. 
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Universitywide AIDS Research Program (UARP) Award Recipient (#F05-GI-209): September 2005- September 
2007 

 
Scholarship Recipient and Selected Speaker: 3rd IAS conference on HIV Pathogenesis and Treatment, Rio de 
Janeiro, Brazil, July 24-27, 2005 
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Dr. Snyder-Cappione will adjust her effort accordingly as grants are funded. 
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Re: Laura Koth 
 

 
Dear RAP Committee Members, 
 

 
This letter is to support Laura Koth’s application to study natural killer T cells in 
sarcoidosis. I am aware of her project and am very pleased that she has joined 
forces with Dr. Douglas Nixon to study the immunology of sarcoidosis. She will 
be taking advantage of the Interstitial Lung Disease Clinic’s clinical infrastructure 
and database, which she played a large role in developing. 

 
Her project represents a completely independent area of research than that 
performed by her K08 mentor, Dr. David Erle. 

 
The Department of Medicine is committed to Dr. Koth and will ensure the 
availability of lab space and other resources for the proposed research. 

 
Dr. Koth is an outstanding young researcher who is committed to a career in 
academic Pulmonary Medicine. One of the primary goals of the Department of 
Medicine, and the Division of Pulmonary and Critical Care Medicine, is to make 
the best possible resources available to promising candidates, such as Dr. Koth, 
and to help them to become successful, independent researchers. She has a very 
sound research project, an outstanding environment, experienced and committed 
mentors and the drive to succeed. 

 
I give her my strongest support and I wish her luck in her project. 

Sincerely yours, 

 
 
Talmadge E. King, Jr. M.D. 
Julius R. Krevans Distinguished Professorship in Internal Medicine 
Chair, Department of Medicine, UCSF 
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November 28, 2007 
 
Laura L. Koth, MD 
Lung Biology Center 
University of California, San Francisco 
Rock Hall, Mission Bay Campus 
1550 4th Street. 
San Francisco, CA 94158 
 
RE: RAP application for LAURA KOTH  

Dear Laura, 

I am very enthusiastic to support your grant application to the UCSF CTSI SOS grant 
program and serve as your scientific consultant for your experiments addressing the role 
of NKT cells in sarcoidosis. As we discussed in our last meeting, it will be very 
interesting to examine the NKT cell subsets from sarcoid patients and how CD1d 
antigens activate these NKT cells. I will provide ongoing expertise in experimental study 
design, interpretation of the results and help you troubleshoot any unforeseen issues. In 
addition, Dr. Jennifer Snyder-Cappione, your collaborator and my post-doctoral fellow, 
also has extensive experience performing multi-color FACS and in vitro stimulation 
assays and we are both fully committed to your project. 
 
I have complete confidence that the findings obtained from this project will advance the 
field of sarcoidosis immunobiology and will serve as a critical next step in defining how 
the NKT cell population may contribute to sarcoidal inflammation. In fact, I cannot think of 
a reason why the studies you proposed should not be pursued in light of the current 
thinking about sarcoidosis disease pathogenesis. You have organized the Interstitial 
Lung Disease Clinic to a point that you can now take advantage of the clinical database 
and blood drawing system that you helped establish. I think your project is exciting and 
novel and I look forward to working together. 
 
 
Sincerely, 

 
 

 
Douglas F. Nixon, M.D., Ph.D., 
Professor of Medicine, University of California, San Francisco 
Associate Chief, Division of Experimental Medicine, UCSF 

 
Tel. 415 206 5518 
E-mail: douglas.nixon@ucsf.edu 


