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Introduction: 

After its discovery, HIV has become one of the fastest growing pandemics in recent history. 
It’s unique pathogenicity and global dissemination makes it one of the most devastating 
infectious diseases. In 2005, HIV related deaths peaked at 2.3 million.1 The situation has since 
changed in part due to the development and use of Highly Active Antiretroviral Therapy 
(HAART). The success of HAART has been well documented, HIV related mortality has been 
drastically reduced; improving the prognosis of HIV infected-individuals.2 However, studies have 
shown that even after viral load suppression and restoration of systemic immune function 
following HAART, the risk for lower respiratory tract infections such as community acquired 
pneumonia (CAP) remains higher in HIV patients vis-à-vis HIV negative individuals.3 This in part 
may be related to alterations in host defense in the respiratory tract and lungs, this includes 
abnormalities to the mucociliary tree and impairment of the innate and adaptive immune 
responses. These changes are thought to be attributed to persistent immune activation and 
inflammation within the alveolar space.4 Despite the high incidence of CAP in HIV-infected 
individuals, little is known about the effects of respiratory infection on pulmonary function in this 
population.  

Several studies have investigated various inflammatory patterns in HIV-infected individuals 
with pneumonia. Perenboom et al. in their study characterized the pulmonary inflammatory 
pattern in HIV infected individuals with Pneumocystis Jiroveci pneumonia (PJP). IL-1b, TNF-a, 
IL-6 and TNF soluble receptors were quantified, and IL-1b was significantly higher in HIV 
infected patients with PJP compared to HIV negative individuals.5 Isrëal-Biet et al. further 
characterized the pulmonary inflammatory pattern by demonstrating that IL-10, RANTES, CCL3 
and CCL4 were markedly decreased in HIV infected patients with PJP. Further analysis 
identified a negative correlation between IL-10, RANTES and CCL3  with pulmonary viral load, 
which was elevated in these patients. 6 In 2015, Keynan et al. characterized the pulmonary 
inflammatory pattern in a cohort of HIV patients infected with community acquired pneumonia. 
They were able to take it one step further and identified unique inflammatory patterns specific to 
the infecting agent. Mycobacterium tuberculosis (MTB) infection was associated with elevated 
levels of IL-10, IL-12, IL-13, IL-17, Eotaxin, GCSF, CCL3 and CCL4. Patients with fungal 
infections were associated with low levels of IL-1RA, IL-8, TNF-a and VEGF.7 

Albeit limited, investigations of pulmonary dysfunction as a complication in the HIV 
population have been reported. Shaw et al. showed that the transfer factor for carbon monoxide 
(TLCO) and forced expiratory volume in one second (FEV1) were reduced in HIV-infected 
individuals with Pneumocystis pneumonia.8 Morris et al. also identified a decline in pulmonary 
function in patients with HIV, they further noted that Pneumocystis pneumonia in HIV-infected 
individuals resulted in an accelerated decline, most notably airflow obstruction. The deterioration 
in pulmonary function persisted over time.9 

Current studies have either focused on the inflammatory pattern or pulmonary function, but 
what remains unknown is the relationship between inflammatory response and loss of 
pulmonary function in HIV patients after an episode of CAP, further exploration is required. It is 
has been well documented that HIV patients experience chronic persistent inflammation and 
immune activation despite HAART.10 We hypothesized that CAP infection worsens inflammation 
in HIV patients which leads to an accelerated decline in pulmonary function. 



Tony	Mao	
	

	

	

2	

 This prospective cohort pilot study investigated the link between inflammation in HIV 
patients infected with CAP and changes in pulmonary function over time. To our knowledge this 
is the first study that directly investigates inflammation and its link to loss of pulmonary function. 
The objective is to elucidate biomarkers that can be used to predict pulmonary dysfunction and 
also identify potential targets for therapeutic intervention in order to mitigate the deterioration in 
pulmonary function.  

Methods: 

Population and setting 

A prospective cohort pilot study was performed using the data collected from patients 
hospitalized at Hospital Universitario San Vicente Fundación and Clínica SOMA, in Medellín, 
Colombia. Patients were enrolled into the study following their visit to one of these institutions. 
Eligibility for this study mandates that plasma and induced sputum samples, as well as 
pulmonary function test values were taken at the time of admission and at one month follow-up. 
The main exclusion criteria were chronic lung disease and immunosuppression that was not 
associated with HIV. Forty-six participants were enrolled in the study, 16 were eligible for 
inclusion in this study. Baseline characteristics of the participants are shown in Table 1. 
Participants of the study were separated into two groups: HIV and HIV + CAP. The diagnosis of 
CAP was confirmed by the identification of new pulmonary infiltrates on chest CT or radiograph 
in the presence of respiratory symptoms, and isolating the likely infecting pathogen from 
Broncho alveolar lavage (BAL). Plasma and sputum samples and PFT measurements were 
retrieved within 48 hours of hospital admission and at one month follow-up. The longitudinal data 
from follow up allow us to observe the evolvement of the host’s inflammatory pattern and 
pulmonary dysfunction. Accordingly, pulmonary dysfunction was defined as a decline in volume 
(beyond reference values), which was measured in terms of forced expiratory volume in 1 
second (FEV1), forced vital capacity (FVC) and FEV1/FVC. 

Ethics statement 

This study was reviewed/approved by the University of Manitoba Health Research Board 
and the Universidad Pontificia Bolivariana and University of Antioquia Faculty of Medicine’s 
Ethics Committee. All patients enrolled in the study provided documentation informing their 
consent. Additional consent was obtained from patients regarding storage and analysis of the 
collected samples. 

Data collection 

Plasma and sputum samples were collected at Hospital Universitario San Vicente 
Fundación and Clínica SOMA and sent to Winnipeg for analysis. PFT values were obtained from 
the patients through spirometry. The procedure was performed following American Thoracic 
Society (ATS). A portable spirometer was used to measure FVC, FEV1, and FEV1/FVC ratio. 
Each subject performed three satisfactory attempts, but no more than eight consecutive FVC 
maneuvers.  

Selecting the panel of molecules 

Prior to the experiment, we conducted a systematic review following PRISMA guidelines 
and submitted the manuscript for publication. The systematic review summarized the current 
literature regarding inflammation and pulmonary dysfunction in HIV patients. This current 
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experiment used the results from the systematic review to guide the selection process for the 
panel of molecules that was investigated. 

Bead based assay 

Peripheral blood mononuclear cells (PBMCs) were extracted from blood. Plasma and 
induced sputum samples were stored at -80 °C, then sent from Colombia to Winnipeg. Induced 
sputum samples were processed at the University of Manitoba where cells were extracted via 
centrifugation. The cell free supernatants where aliquoted and stored at -80 °C. Two multiplex 
and three single plex bead-based fluorescent assays and ELISA were performed on 64 samples 
(plasma and induced sputum samples from each patient taken at two time points). The 
molecules identified in this study were all found in commercially available kits. LXSAHM 6 plex 
and single plex (R&D Systems, Minneapolis MN) were used to detect APRIL, BAFF, CCL3, 
CCL4, CCL7, CD163, MMP-9, TGF- β1, TGF- β2 and sCD14. ELISA was used to detect CICP 
(Quidel, San Diego CA) and FABP-2 (R&D Systems, Minneapolis MN). The assays were 
performed according to manufacturers’ instructions, using 50µl per sample. Standards were 
reconstituted and serially diluted following the manufacturer’s instructions to generate standard 
curves. Standards included the reconstituted molecules being tested for and were considered as 
positive controls for the experiment. The assays for plasma samples were run in duplicates.  
Results were run on a Bio-Plex 200 instrument (Bio-Rad, Mississauga, ON) and reported as 
mean fluorescence intensity and converted to pg/ml using the Bio-Plex® Manager version 6.0 
(Bio-Rad, Mississauga, ON). 

Statistical analysis 

Data was analysed using IBM SPSS© version 24. Statistical analysis was performed on 
the data collected at the time of admission and one month follow-up. The main purpose was to 
determine whether or not the concentration of the molecules differed between the two groups 
and if they correlate with our clinical outcome, which was pulmonary dysfunction.  

Principal component analysis (PCA) was conducted using the data from the plasma 
samples of all patients collected at the time of admission to identify which constellation of 
molecules accounted for the greatest variation between the two groups. The principal axis 
method was used to extract each principal component, the rotation method used was a Varimax 
rotation. A molecule was considered to load onto a given component if the loading factor was 
0.6 or greater for that given component and less than 0.6 for the other components. We selected 
for principal components that accounted for at least 10% of the total variance.  

Box plots were generated for the molecules that loaded onto the PCA components that 
accounted for at least 10% of the total variance. This allowed for a qualitative comparison of the 
molecules between the two groups. This was done for both time points to identify a constellation 
of molecules that could discriminate the two groups. To assess the relationship between 
inflammation and pulmonary dysfunction Spearman’s rank correlation was performed on the 
molecules that discriminated between the two groups. The Spearman’s correlation coefficient 
was considered statistically significant if p<0.05. 

Mann-Whitney U test (α = 0.05), a non-parametric test was used to evaluate differences 
in the concentrations of the molecules detected in plasma between the two groups at both time 
points. This was done to determine if any molecules were statistically different between the two 
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groups in this study. TIMP-1 is a natural inhibitor of MMP-9 and bind in a 1:1 manner, therefore 
their ratio was also analyzed using Mann-Whitney U test. 

Ingenuity pathway analysis was performed to determine if the important molecules in our 
study were implicated in any canonical pathways, or any pathological and physiological 
processes. Only human genes listed in the Ingenuity knowledge base was included for Core 
analysis. 

Results: 

Sixteen participants were included in this study, each group contained eight participants. 
Table 2 shows the molecules concentrations in plasma for both groups at admission. The 
majority of the molecules were undetectable in the sputum samples with the exception of MMP-
9. In The HIV+CAP group, the median(IQR) concentration for MMP-9 in induced sputum was 
810.64pg/ml(560.43-1044.61) at admission and 214.98pg/ml(120.62-633.94) at one month 
follow-up. In the HIV group, the median(IQR) concentration for MMP-9 was 
12313.95pg/ml(4343.10-20994.76) at admission and 7069.07pg/ml(3603.04-20502.76) at one 
month follow-up. The differences were significantly higher at admission (p=0.012) and one 
month follow-up (p=0.046).  

PCA for plasma samples revealed 4 principal components for our 13-dimension data set. 
Principal components that accounted for at least 10 percent of the total variance were selected. 
Principal component 1 accounted for 31.51 percent of the total variation, principal component 2 
accounted for 23.10 percent and principal component 3 accounted for 10.42 percent. Together, 
the three prinicpal components account for 65.03 percent of the total variation between the two 
groups, shown in Table 3. The fourth principal component was not selected because it 
accounted for less variability in the data. Five molecules loaded onto principal component 1 
(APRIL, BAFF, CCL3, CCL4, and TIMP-1), four loaded onto principal component 2 (FABP-2, 
sCD14, TGFb1 and TGFb2) and two loaded onto principal component 3 (MMP-9 and CICP).  

The distribution of the data for the molecules that loaded onto the first three principal 
components is shown on Figure 1.  At the time of admission APRIL, BAFF, CCL3, MMP-9 and 
TIMP-1 demonstrate a trend towards increased concentrations in the HIV+CAP group. The 
difference between the median concentrations for MMP-9 are marginal. The median 
concentrations of the other four molecules in the HIV+CAP group are greater than the third 
quartile of the HIV group, the median concentration of TIMP-1 in the HIV+CAP group is greater 
than the highest concentration found in the HIV group. However, at one month follow-up only 
APRIL, BAFF and TIMP-1 were persistently elevated in the HIV+CAP group. These three 
molecules are found in principal component one. On the other hand, CCL3 and MMP-9 shifted 
towards lower levels of expression in the HIV+CAP group. The shift was most pronounced for 
MMP-9, the median concentration was less than the lowest concentration in the HIV group. 
Conversely at admission FABP2, sCD14, TGFb1 and CICP trend towards lower concentrations 
in the HIV+CAP group. The differences between the median concentrations are marginal for 
FABP2, CD14, TGFb1. The median concentration of CICP was less than the lowest 
concentration found in the HIV group. The trend towards lower concentration is maintained for 
CICP at one month follow-up. CICP is found in principal component 3. FABP2, sCD14, TGFb1 
shifted towards higher levels of expression in the HIV+CAP group at one month follow-up, but 
the differences in expression between the two groups remain negligible. CCL4 and TGFb2 do 
not differ between the two groups at admission. At one month of follow-up serum TGFb2 levels 
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rise in the HIV+CAP group, the median concentration is greater than the third quartile of the HIV 
group, while CCL4 remains the same between the two groups. Therefore, four of the eleven 
molecules that loaded onto the first three principal components was consistently higher or lower 
in the HIV+CAP group compared to the HIV group. 

Table 4 shows the PFT values at the time of hospital admission and at one month of 
follow-up. In this study, pulmonary dysfunction was defined as deviations in PFT measurements 
from predicted reference values. HIV+CAP group demonstrated a steep decline in pulmonary 
function at the time of admission compared to the HIV group. In the HIV+CAP group, FVC 
%predicted and FEV1 %predicted were reduced while FEV1/FVC ratio was within the reference 
range for normal. FEV1 %predicted and FVC %predicted were calculated using the actual 
measured FEV1 and FVC values and their estimated predicted values. The median values for 
FVC %predicted and FEV1 %predicted in the HIV+CAP group were less than the first quartile of 
the HIV group. In the HIV+CAP group the median value for FVC was lower than first quartile for 
FVC LLN, while in the HIV group the median value for FVC was greater than the third quartile for 
FVC LLN. The decline in pulmonary function did not resolve after one month of follow-up.  

Correlations between APRIL, BAFF, CICP, TIMP-1 and PFT measurements were 
explored using spearman’s test. Table 5 shows the correlation between these molecules and 
FEV1 %predicted and FVC %predicted. The concentrations of APRIL, BAFF and TIMP-1 at 
admission were found to correlate negatively with PFT values measured at one month of follow-
up (FEV1 %predicted and FVC %predicted), these correlations were statistically significant. 
CICP had a weak positive correlation with FEV1 %predicted (rS =0.206, p=0.44) and FVC 
%predicted (rS = 0.274, p=0.31). TIMP-1 has the strongest correlation with FVC %predicted (rS=-
0.62, p=0.01). APRIL has the strongest correlation with FEV1 %predicted (rS=-0.56, p=0.02). 
Furthermore, correlation between the molecules show that APRIL has a strong positive 
correlation with BAFF (rS = 0.75, p=0.001) and a moderately strong positive correlation with 
TIMP-1 (rS = 0.51, p=0.05), both are statistically significant. TIMP-1 has a moderately strong 
positive correlation with BAFF (rS = 0.64, p=0.01). 

Mann-Whitney U tests were performed on the molecules that loaded onto the first three 
principal components. The non-parametric test evaluated the differences in concentration of the 
molecules between the two groups at admission and one month follow-up. The results 
demonstrate that the expressions of BAFF, CCL3 and TIMP-1 achieved statistically significant 
differences between the two groups. BAFF was found at higher concentrations in the HIV+CAP 
group at both time points, the difference in concentration between the two groups was 
statistically significant at one month follow-up, p= 0.001. The concentration of CCL3 was higher 
in the HIV+CAP group at the time of admission and demonstrated significance at admission, 
p=0.038. TIMP-1 concentrations were higher in the HIV+CAP group compared to the HIV group 
at both time points, the difference was statistically significant at admission and one month follow-
up, p=0.001 and p=0.021. These three molecules appear in the first principal component (the 
principal component that accounts for the greatest variation in the data between the two groups). 
The ratio of MMP-9/TIMP-1 was shown to be lower in the HIV+CAP group compared to the HIV 
group, this difference was maintained at one-month follow up. The difference was statistically 
significant across both time points, p=0.038 and p=0.003. 

IPA was performed using the data from our plasma samples to determine if the 
molecules in our dataset are implicated in any canonical pathway or well described networks. 
IPA demonstrated that the seven molecules in our data set are involved in inflammatory 



Tony	Mao	
	

	

	

6	

response (CCL3, CCL4, APRIL, BAFF, MMP-9, TIMP-1 and TGFb1), these seven molecules 
loaded onto the first three principal components. Furthermore, three of these seven molecules 
(BAFF, CCL3 and TIMP-1) were found to be statistically significant between the two groups and 
are important in our dataset. All three molecules loaded onto the first principal component 
(accounts for the greatest variation in our data). A network depicting the direct and indirect 
relationships between the seven molecules and other molecules involved in those processes are 
shown on figure 2. The shared disease and function component of the IPA analysis determined 
that six of our seven molecules (CCL4, ARPIL, BAFF, MMP-9, TIMP-1 and TGFb1) are 
implicated in inflammation of various organs (p<2.34x10-7). Five of the seven molecules are 
implicated in chemotaxis of lymphocytes, phagocyte transmigration and migration (CCL3, CCL4, 
TGF, MMP-9, TIMP-1 and TGFb1) (P<3.32x10-6 - 2.34x10-10). CCL3, CCL4, APRIL and BAFF 
have overlap with the canonical pathway for communication between innate and adaptive 
immune cells (p<1.24x10-8). 

Discussion: 

Despite immune reconstitution and viral load suppression, HIV infected individuals remain at 
higher risk for CAP compared to the general population, this leads to increased morbidity and is 
a frequent cause for hospitalization.11 Pulmonary dysfunction and inflammation are thought to be 
related hence it is imperative to study these together. Morris et al. has investigated the long-term 
sequela of HIV associated Pneumocystis infection on the lungs. It was shown that Pneumocystis 
infection was associated with small airway obstruction, which persisted despite clearance of the 
infection. 9 Keynan et al has investigated inflammation and immune activation in HIV patients 
with various opportunistic lung infections and characterized the inflammatory pattern of different 
respiratory pathogens.7 Our study attempts to bridge the gap by evaluating the relationship 
between inflammation and pulmonary dysfunction in HIV patients following an episode of CAP. 
We sought to identify biomarkers that could be used to predict pulmonary dysfunction and to 
identify potential targets for therapeutic intervention. 

The decline in pulmonary function following CAP is consistent with prior findings, however 
the pattern of pulmonary dysfunction is not in keeping with the obstructive pattern observed by 
Morris et al.9 To reduce confounding variables for pulmonary dysfunction we excluded patients 
with pre-existing lung diseases. In the HIV+CAP group the FEV1/FVC ratios were greater than 
the 5th percentile of the predicted values, which is defined as the lower limit of normal (LLN). 
FVC values were lower than the FVC LLN. Interpretation of the PFT results based on ATS 
criteria suggests that the patients in the HIV+CAP group might be experiencing a restrictive 
ventilatory defect. A study by Aaron et al. demonstrated that combining FVC and FEV1/FVC 
measurements can improve the predictive ability of spirometry in identifying restrictive ventilatory 
defects if FEV1/FVC ratio is greater than 0.80. 12 The median FEV1/FVC ratio in the HIV+CAP 
group was 0.87. However, total lung capacity (TLC) and diffusing capacity of the lung for carbon 
monoxide (DLCO) will need to be measured to confirm a restrictive ventilatory defect.   

 The median FEV1 % predicted value in the HIV+CAP group was 0.64 at admission. The 
ATS system for grading the severity of the PFT abnormality indicates that the pulmonary 
dysfunction experienced in the HIV+CAP group was moderately severe. The decline in 
pulmonary function did not resolve after one month of follow-up. The HIV group had FVC and 
FEV1/FVC measurements that were greater than the FVC LLN and FEV1/FVC LLN. This is 
considered to be physiologically normal.  
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A factor that could be responsible for the different patterns of pulmonary dysfunction is 
genetic variation between populations. The participants from our study are from Colombia while 
the participants from the study by Morris et al are from the United States. HIV infected 
individuals from the United states may have the propensity to develop small airway obstruction 
following CAP, while individuals from Colombia could be genetically predisposed to developing 
restrictive lung abnormalities. 

It is also possible that the different patterns of pulmonary dysfunction observed is attributed 
to infection by different respiratory pathogens. In the study by Morris et al, the patients are 
infected with Pneumocysitis.9 The majority of the patients in the HIV+CAP group were infected 
with mycobacterial and bacterial pathogens. This would imply that the pathway connecting 
inflammation and pulmonary dysfunction is different between pathogens. This idea is supported 
by the findings of Keynan et al., distinct inflammatory patterns were associated with the different 
respiratory pathogens causing pneumonia in HIV infected individuals. 7  

Along with pulmonary function we were also interested in the inflammatory response of 
our population. Prior studies have shown that HIV patients have chronic residual inflammation 
despite successful HAART compared to HIV negative individuals, this suggest that there is 
unfavourable control over the inflammatory response in these patients.13,14 The results from this 
study demonstrate that compared to HIV patients, HIV infected individuals admitted with CAP 
had elevated levels of inflammation at the time of admission. Our findings demonstrate that CAP 
infection disrupts the chronic inflammatory process in HIV infected individuals and causes an 
acute elevation in baseline inflammation. Furthermore, this heightened level of inflammation 
persists for at least one month of follow-up. We speculate that the interaction between the 
respiratory pathogen and HIV disrupts the host ability to control the acute inflammatory response 
following infection.  

Studies to date have shown that APRIL, BAFF and TIMP-1 are elevated in HIV 
patients.14,15 This study goes further to suggest that their concentrations are elevated to even 
higher magnitudes in HIV patients infected with CAP. APRIL, BAFF, CCL3 and CCL4 were 
greater than the third quartile of the HIV group. TIMP-1 showed a similar pattern in the HIV+CAP 
group, but the effect was more pronounced, the median concentration was greater than the 
maximum value of the HIV group. CICP on the other hand trended towards a lower 
concentration in HIV+CAP group, the median value was lower than the first quartile of the HIV 
group. However, these trends were only maintained for APRIL, BAFF, TIMP-1 and CICP. These 
four molecules loaded onto the first three principal components of our data set, which account 
for the majority of the variation within our data. This pattern of expression persisted after one 
month of follow-up, indicating that inflammation remained elevated in the HIV+CAP group. This 
constellation of molecules (APRIL, BAFF, TIMP-1 and CICP) is discriminatory between HIV 
patients with CAP and HIV infected individuals without CAP. To assess the ability of these four 
molecules to serve as biomarkers for predicting pulmonary dysfunction, each molecule was 
correlated with PFT values collected at one month follow-up and the strength of the relationships 
were assessed. APRIL, BAFF and TIMP-1 correlated negatively with FEV1 %predicted and FVC 
%predicted. The strength of the correlation was moderately strong for each molecule. We 
speculate that measuring these three molecules collectively at the time of CAP diagnosis in HIV 
infected individuals can help identify if the patient is at risk for developing pulmonary 
dysfunction. Our results suggest that individuals characterized by elevated levels of APRIL, 
BAFF and TIMP-1 will likely have lower FEV1 %predicted and FVC %predicted values one 
month after an episode of CAP. From our understanding of other chronic pulmonary diseases, 
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once the lungs are injured beyond a certain threshold the damage becomes irreversible16, 
therefore it is important to identify this risk early on. If these molecules can serve as serum 
biomarker for predicting pulmonary dysfunction in HIV patients following an episode of CAP, this 
will create a window of opportunity for therapeutic intervention to mitigate damage before the 
decline in pulmonary function becomes irreversible. To the best of our knowledge, pulmonary 
dysfunction is not the only problem facing HIV patients infected with CAP. A study by Søgard et 
al. concluded that HIV patients had increased mortality following their first hospitalization for 
CAP compared to HIV persons with no previous history of CAP.17 It would be interesting to 
evaluate in future studies whether or not the heightened level of systemic inflammation in HIV 
patients following an episode of CAP is related to an increase in all-cause mortality. 

IPA was performed on our data set to determine if the molecules we studied had any 
implications in known diseases or physiological processes. Identifying the underlying mechanism 
causing pulmonary dysfunction may lead to potential targets for intervention. IPA showed that 
seven of the molecules (APRIL, BAFF, CCL3, CCL4, MMP-9, TIMP-1 and TGFb1) that loaded 
onto the first three principal components are involved in a common network for inflammation 
response in humans. These seven molecules include inflammatory cytokines and regulators of 
extracellular matrix (ECM) remodelling. These molecules have been shown to be involved in 
inflammation of various organs. They are also involved in specific cellular processes that are 
important to inflammation response; including chemotaxis of lymphocytes and phagocytes as 
well as extravasation of phagocytes. These findings are of particular interest, our study shows 
that these molecules are abnormally elevated in the HIV+CAP group, especially BAFF, CCL3 
and TIMP-1, their concentrations differed significantly from the HIV group. We speculate that 
these three molecules may play an important role in dysregulating the inflammatory response 
seen in HIV patients infected with CAP and the subsequent lung injuring process. Abnormal 
expression of these molecules may disrupt the cellular processes listed above, which in turn 
disrupts control over the inflammatory response, which eventually leads to pulmonary 
dysfunction.  

Normal tissue healing involves an inflammatory response from the body, which triggers a 
cascade of downstream events. In the early stages injured epithelial cells release 
cytokines/chemokines which recruits neutrophils and macrophages to the site of injury to 
eliminate dead tissue. Next lymphocytes and other cells secrete profibrotic cytokines and growth 
factors which activate fibroblasts and macrophages to reconstitute the ECM. Concurrently 
angiogenesis occurs to vascularize the injured site. Epithelial cell proliferation regenerates the 
damaged tissue. If the inflammatory response becomes dysregulated, normal tissue repair is 
replaced with a profibrotic process leading to the excessive accumulation of ECM components.18 
We speculate that the latter process is occurring in our patient population. Indeed, if pulmonary 
fibrosis is occurring in our patient population it is expected to result in a restrictive lung disease. 
This idea is supported by our PFT results, which suggests that the patients in the HIV+CAP 
group are possibly experiencing restrictive ventilatory defects. 

Several studies have tried to evaluate the involvement of BAFF, CCL3 and TIMP-1 in 
pathophysiology of pulmonary fibrosis. MMP-9 is a proteinase that breaks down components of 
the ECM, TIMP-1 binds to MMPs in a 1:1 fashion. The ability of TIMP-1 to directly inhibit MMP 
and ECP proteolysis is well documented.19 In the HIV+CAP group, the concentration of TIMP-1 
was greater than the concentration in the HIV group. In relation to MMP-9, the concentration of 
TIMP-1 was greater in magnitude, the median ratio was 0.29 at the time of admission and 0.30 
at one month follow-up. The opposite was true for the HIV group the median ratios were 1.4 and 
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1.3 (at admission and one month follow up). The difference between the two groups were 
significantly different at both time points (p=0.036 and p=0.003). Unbalanced expression of 
TIMP-1 compared to MMP-9 in which TIMP-1 concentration is greater than MMP-9 causes ECM 
synthesis as opposed to breakdown, this can lead to excessive collagen deposition over time. 

CCL3 is a chemokine, it is known to interact with CCR1, CCR4 and CCR5.20 Yang et al. 
investigated the role of CCL3 in thoracic radiation induced pulmonary fibrosis. Using murine 
models, it was shown that Ccr1-/-mice and CCL3-/- mice had less septal thickening and lower 
mortality compared to wild type mice. Interestingly, blocking CCR1 during the onset of the 
inflammation was sufficient to mitigated lung inflammation and fibrosis in WT mice after 
radiation.20  This suggests that CCL3 and CCR1 may play a role in mediating pulmonary fibrosis.  

BAFF is a cytokine from the TNF family.21 François et al. hypothesized that BAFF plays a 
role in pulmonary fibrosis. Bleomycin model of lung injury and fibrosis was used. After inducing 
lung injury, TIMP- levels were suppressed BAFF-/- mice compared to wild type mice. Histology 
results showed that BAFF-/- mice had less tissue damage and fibrosis compared to the wild type 
mice. They also demonstrated that neutralization of BAFF with BAFF-R-Ig resulted in less 
damage and fibrosis in the lungs compared to saline treated mice. 21 This suggests that BAFF 
plays a role in mediating pulmonary fibrosis.  

BAFF, CCL3 and TIMP-1 have also been found to be abnormally expressed in other 
restrictive lung diseases. Capelli et al. found elevated levels of CCL3 in BAL in patients with 
idiopathic pulmonary fibrosis (IPF).22 Beeh et al. found elevated levels of TIMP-1 in the sputum 
of IPF patients compared to healthy controls.23 BAFF concentration was shown to be elevated in 
BAL and plasma in IPF patients.21,24 If these molecules play a role in mediating the process that 
causes pulmonary dysfunction in our population, BAFF-R-Ig a BAFF antagonist and BX-471 a 
Ccr1 antagonist may have therapeutic potential in mitigating pulmonary dysfunction. 

Conclusion: 

From this study, we conclude that HIV patients infected with CAP have higher levels of 
inflammation compared to HIV patients and experience an accelerated decline in pulmonary 
function. APRIL, BAFF and TIMP-1 are higher in the HIV+CAP group, while CICP was lower, 
this trend was maintained at one month follow up. Out of these four molecules APRIL, BAFF and 
TIMP-1 correlate negatively with FEV1 %predicted and FVC %predicted and have the potential 
to serve as biomarkers for predicting pulmonary dysfunction. We also believe that the 
dysregulated inflammatory process occurring in our patient population leads to a profibrotic 
process. BAFF, CCL3 and TIMP-1 were statistically significant between the two groups and may 
play a role in this process. However, these results need to be validated with studies that have a 
larger sample sizes. This was a pilot study, the sample size may have been underpowered to 
detect a difference between the two groups for some of the molecules we tested. The small 
sample size also limits the generalizability of our results to larger populations. Other limitations 
include the duration of follow up. A one month follow-up period may not be sufficient to 
determine if the decrements in pulmonary function are permanent.  

This is an ongoing experiment, there are an additional forty-two patients enrolled in the 
study. Plasma, sputum, and PFT measurements will also be collected at three months, six 
months and one year follow-up. The next step involves quantifying the molecules from the new 
patient samples at each time point and correlating this information with PFT values from new 
time points. The longer follow-up period would allow us to observe the evolvement of the host’s 
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inflammatory pattern and pulmonary function. This will allow us to determine if APRIL, BAFF and 
TIMP-1 can serve as biomarkers for predicting long term pulmonary dysfunction. It is also 
necessary to perform full PFT measurements TLC and DLCO to confirm the restrictive 
ventilatory defect in the HIV+CAP group. Subsequent testing is required to determine if BAFF, 
CCL3 and TIMP-1 are involved in the process that causes the pulmonary dysfunction observed 
in the HIV+CAP group. If they play a role these molecules can be potential targets for 
intervention to mitigate pulmonary dysfunction.
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Appendix:  

Table 1      
Baseline characteristics of the 16 participants in the study  
Characteristics HIV+CAP group (8) HIV Group (8) 

 Median (IQR) 
Age, in years 35(25-40) 33(26-43) 
CD4, cells/ml 193(63-297) 97(32-300) 

Viral Load, copies/ml  43699(6308-
257036) 196155(1766-729152) 

 n (%) 
Gender   
Male 6 (75) 8 (100) 
Female                  2 (25) 0 (0) 
ART use 2	(25)	 4	(50)	
Smokers 2	(25)	 3	(38)	
IQR: Interquartile range    

 

Table 2                      
Plasma molecules concentration for HIV+CAP group at hospital admission  
 HIV + CAP Group HIV Group 

 Admission 
Median (IQR)  

APRIL 1496.90 (934.86-1684) 1022.80 (878.82-1302.4) 
CCL3 127.79 (114.05-151.54) 21.03 (0.1-107.72) 
CCL7 37.16 (25.87-39.02) 17.80 (0.1-53.01) 
BAFF 1217.9 (624.68-3340.10) 572.22 (436.29-866.97) 
CCL4 98.49 (0.1-189.56) 0.10 (0.10-0.10) 
CD163 3.00E+6 (5.07E+5-5.00E+06) 7.74E+5 (5.43E+5-2.00E+6) 
sCD14 4.00E+6 (3.00E+6-6.00E+6) 4.00E+6 (2.00E+6-5.00E+6) 
MMP-9 6.23E+4 (2.74E+4-1.17E+5) 1.19E+5 (6.10E+4-1.95E+5) 
FABP-2 1608 (1310-1943) 2120 (1480-2448) 
TGFβ1 2.94E+4 (2.35E+4-3.25E+4) 3.38E+4 (2.49E+4-4.95E+4) 
TGFβ2 0.10 (0.10-141.06) 0.10 (0.10-92.05) 
CICP 9.00E+07 (8.00E+07-2.00E+08) 1.00E+8 (1.00E+08-2.00E+08) 
TIMP-1 2.13E+5 (1.57E+5-2.79E+5) 8.67E+4 (5.22E+4-1.08E+5) 

MMP-9/TIMP-1 0.29 (0.17-0.42) 1.38 (1.17-1.81) 

Molecule concentration: pg/ml   
IQR: Interquartile range             
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Table 3               
Principle Component Analysis using concentrations of 13 molecules in HIV + CAP and HIV 
patients at the time of hospital admission. The molecules loading onto each component are 
shaded. 

Rotated Component Matrix 
Component 

Molecules 1 2 3 4 
CCL4  0.87 -0.14 0.28 0.17 
BAFF 0.86 0.03 -0.13 0.23 
TIMP-1 0.85 0.34 0.13 -0.14 
APRIL 0.82 0.25 0.03 -0.15 
CCL3 0.67 -0.43 -0.18 -0.23 
FABP-2 0.08 0.82 -0.02 0.24 
TGF-b1 0.13 0.67 0.41 0.20 
sCD14 0.48 0.62 -0.23 -0.21 
TGF-b2 -0.03 0.61 0.18 -0.12 
MMP-9 0.10 0.09 0.94 0.00 
CICP -0.15 0.60 0.68 0.06 
CCL7 0.14 0.11 0.00 0.87 
CD163 0.48 0.03 -0.08 -0.59 
Extraction Method: Principal Component Analysis. 
a. Rotation converged in 6 iterations.                      
Rotation Method: Varimax with Kaiser Normalization                        

 

Table 4                    
PFT values for HIV + CAP patients and HIV patients at the time of hospital admission and 
one month follow-up. 
 Groups Groups 

 HIV + CAP 
Group HIV Group HIV + CAP 

group HIV Group 

 Admission One Month  
 Median (IQR) 

FEV1 (L) 1.95 (1.74-3.74) 3.48 (3.21, 4.07) 2.54 (1.69-3.44) 3.33 (3.06, 3.97) 
FEV1%predicted 0.64 (0.49-0.82) 0.91 (0.86-0.98) 0.71 (0.54-0.87) 0.90 (0.86-0.98) 
FVC (L) 2.63 (1.83-4.06) 4.21 (4.19, 4.98) 2.88 (2.04-3.97) 4.01 (3.64, 4.19) 
FVC %predicted 0.64 (0.49-0.77) 0.93 (0.87-0.97) 0.67 (0.52-0.85) 0.91 (0.84-1.04) 
FVC LLN (L) 3.52 (2.96-4.07) 3.53 (3.07-3.87) 3.52 (2.84-4.07) 3.52 (3.07-3.87) 
FEV1/FVC  0.87 (0.79-0.90) 0.84 (0.82-0.86) 0.87 (0.85-0.92) 0.85 (0.84-0.88) 

FEV1: Forced expiratory volume in one second      
FVC: Forced vital capacity                       
IQR: Interquartile range         
LLN: Lower limit of normal                         
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Fig1. Box plots comparing the data range (maximum, median, minimum, and IQR values) of the 
molecules that loaded onto principal components 1-3 between the two groups at both time 
points. APRIL, BAFF, CCL3, CCL4, TIMP-1, sCD14, TGF-b1, TGF-b2, FABP-2, CICP and 
MMP-9 are shown. BAFF was statistically significant at one month follow-up, CCL3 was 
significant at admission and TIMP-1 was significant at both time points. 
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Table 5. Spearman's Correlation between APRIL, BAFF, CICP, TIMP-1 and PFT values 

    APRIL BAFF CICP TIMP-1 FEV1 
%predicted 

FVC 
%predicted 

APRIL 

Correlation 
Coefficient 1 0.745 -0.147 0.507 -0.561 -0.564 

Sig. (2-
tailed) . 0.001** 0.586 0.045* 0.024* 0.023* 

BAFF 

Correlation 
Coefficient 0.745 1 -0.353 0.635 -0.505 -0.606 

Sig. (2-
tailed) 0.001** . 0.18 0.008** 0.046* 0.013* 

CICP 

Correlation 
Coefficient -0.147 -0.353 1 -0.17 0.206 0.274 

Sig. (2-
tailed) 0.586 0.18 . 0.529 0.444 0.305 

TIMP-
1 

Correlation 
Coefficient 0.507 0.635 -0.17 1 -0.499 -0.615 

Sig. (2-
tailed) 0.045* 0.008** 0.529 . 0.049* 0.011* 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed).                                   

Figure 2. IPA generated network (using data from HIV+CAP group) depicting the interaction 
between APRIL, BAFF, CCL3, CCL4, MMP-9, TIMP-1 and TGFb1 in inflammation response.   
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