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Pulmonary hypertension (PH) is a frequent complication in patients with pulmonary
fibrosis (PF), whereas the mechanism was not well-understood. This study aimed to
explore the influence of immune cell infiltration on PH status based on the genomic
expression profiles. Microarray data of GSE24988 were downloaded from the GEO
database, including 116 lung tissue samples derived from PF patients with various PH
status. Proportion of infiltrated immune cells was evaluated using CIBERSORT, a gene
expression-based de-convolution algorithm. A random forest classifier was constructed
and out of bag (OOB) cross-validation was carried out for PH prediction. The proportions
of immune infiltration cells varied differently in PH samples except T regulatory cells (o-
value = 0). Compared with non-PH samples, increased number of naive B cells and
plasma cells were identified in PH samples, whereas activated dendritic cells and M2
macrophages were relatively lower (p < 0.05). In the random forest model, these four
types of immune cells obtained a higher variable importance score than other cells,
including mean decreased accuracy and mean decreased gini evaluation. We ran the
OOB cross-validation in each sample of datasets (training set and testing set) and
obtained 79 and 69% accuracy, respectively. Abnormal proportions of four types of
immune cells were identified in PH samples compared with non-PH samples, suggesting
their involvement in PH development. In summary, the immune cell infiltration in PF
patients is associated with the PH status of patients, which deserves further investigation
in the future.
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FIGURE 1 | Characterization of immune cell infiltration subsets in PF patients associated with PH. (A) The proportions of 21 immune cells varied in samples with PH
or non-PH. Horizontal axis represented the patients with non-PH, intermediate PH, severe PH and validated PH. (B) Hierarchic clustering analysis was conducted
based on 21 infiltrated immune cells in the severe PH (n = 17), intermediate PH (n = 45), non-PH (n = 22), and validated PH (n = 7) groups of patients. PF, pulmonary
fibrosis; PH, pulmonary hypertension.

FIGURE 2 | Evaluation of immune cell infiltration in PF patients. (A) Correlation matrix of infiltrated immune cell proportion in 116 PF samples. The deeper the red and
the blue, the stronger the correlation among them. (B) Volcano Plot was used to visualize features of infiltrated immune cells. The gray points referred to the immune
cells subsets without significant differences, and the red and blue points refered to the immune cells subsets with significant difference. In addition, red points
represented upregulation and green dots represented downregulation. PF, pulmonary fibrosis.

inflammatory pathways were involved in multiple mediators,  pulmonary vessels, and it was involved in immunopathology in
such as T cells, DCs, macrophages, and mast cells. Thus, PH patients (7). Additionally, in our study, a random associated
immature DC accumulation was also described in remodeled  condition in a small part of PF patients was also a possible
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FIGURE 3 | A random forest analysis was trained to estimate the important values of immune infiltration class. (A) Random forest classifier analysis. The y-axis
represented the mean decreased accuracy and mean decreased gin score, while the x-axis represented immune cell types. (B) The mean decreased accuracy of
immune infiltration subsets.
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FIGURE 4 | OOB cross validation results were visualized using receiver operating characteristic curve. (A) ROC curve, the horizontal axis represented the specificity of
false positive rate (FPR), and the vertical axis represented the sensitivity of true positive rate (TPR). AUC as a numerical value could directly evaluate the quality of the
model, the larger the value in the range of 0 to 1, the better. (B) The diagram of OOB error. OOB: out of bag.

whereas as the disease progressed to a more severe PH status, the
proportion of infiltrated DCs might be relatively decreased.

In addition to DCs, researchers have recognized the regulatory
role of macrophage in PF pathogenesis over the past decades.
Macrophages are small populations of leukocytes, and it can be

factor affecting the inflammation in PH. To our knowledge, our
study firstly demonstrated a lower proportion of active DCs in
PH associated with PF patients compared with non-PH patients.
Together with previous studies, we suggested that abnormal
infiltration of DCs acted as a key regulator in PF development,
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activated to either classical M1 or alternative M2 phenotypes
(26). In PF status, M1 macrophages express higher pro-
inflammatory cytokines, while M2 macrophages express higher
Th2-type cytokine levels. Since the PF was a pathological
process of lung injury, a variety of immune cells interacted with
regulatory cytokines affecting polarization of lung M1 and M2
macrophages (27). However, an increased number of perivascular
macrophages were also found in vascular lesions of PH patients,
and the recruitment of macrophage was associated with vascular
remodeling in PH (28). Here, infiltration immune cell analysis
results showed that M2 macrophages were relatively lower in PF
patients with a more severe PH status, and these findings raised
the evidence that abnormal proportion of macrophages might be
a major factor in PF progression.

Additionally, inspired by previous research, we applied
CICERSORT software in the exploration of correlation between
immune cell infiltration and PH status, through which relative
content of 22 immune cells were calculated concisely and quickly.
At the same time, several limitations inevitably existed in our
present research. Firstly, via the bioinformatic tools, absolute
contents of immune cells could not be obtained, which still needs
to be further studied in wet labs. The validation in single cells
is lacking, adding which might improve reliability of our study.
Besides, the present research cohort is limited, which might lead
to some potential bias. In any case, the correlation between
immune cell infiltration and PH status not only deserves further
research but also provides a potential prediction tool.

CONCLUSIONS

In conclusion, we have firstly presented the evidence that
immune cell infiltration in PF patients was probably
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